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To Find A Specific Data Sheet 
If you know only the Device Number, look in the 

Numeric Index, page 6, for the 
page series number. 

If you know only the Category of Device, 
look in the Category Index, page 10. 

Then refer to the Numeric Index for the 
specific type and page series number. 
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Notes On This First Edition 
This first edition of the Amelco Data Book 

contains currently published data sheets. As new 
data sheets are published, they will be 

distributed for insertion in the appropriate 
sections of this basic Tightleaf® catalog. 

This catalog replaces collections of loose 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 intentionally been omitted, to permit 
simplified numbering of insert pages. 
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How To Insert Pages 
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 book to front, placing insert 
sheets in numerical order by page number*, 
aligning their holes with holes in book. 

4. After all insert sheets are in place, wit~ left hand 
slip long ends of all 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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DIRECT 

California 
Amelco Semiconductor 
91 O South Brookhurst Avenue 
Suite 201 
Anaheim, Calif. 92804 
(714) 635-3171 

Amelco Semiconductor 
1300 Terra Bella Avenue 
Mountain View, Calif. 94040 
(415) 968-9241 

Florida 
Amelco Semiconductor 
711 Magnolia 
Orlando, Fla. 
(305) 423-5833 

Illinois 
Amelco Semiconductor 
650 West Algonquin Road 
Des Plaines, Ill. 60018 
(312) 439-3250 

Massachusetts 
Amelco Semiconductor 
805 West High Street 
Westwood, Mass. 02090 
(617) 326-6600 

New Jersey 
Amelco Semiconductor 
535 Bergen Blvd. 
Ridgefield, N. J. 07657 
(201) 943-4 700 

REPRESENTATIVES 

Arizona 
Southwest Engineering 
8341 North 7th Street 
Phoenix, Ariz. 
(602) 944-1521 

California 

Recht & Associates 
175 South San Antonio Road 
Los Altos, Calif. · 
(415) 941-0336 

Black & Strong 
1728 South LaCienega Blvd. 
Los Angeles, Calif. 
(213) 870-9191 

Black & Strong 
444 Olive Street 
San Diego, Calif. 
(714) CY8-4711 

Colorado 
Simpson & Associates 
8000 South Kendall Blvd. 
Littleton, Colo. 
(303) 798-8439 

Connecticut 
Vista Associates 
267 West Rutland Road 
Milford, Conn. 
(203) 878-8180 

AMELCO OFFICES 

Iowa 

Howard Brown Sales 
3400 Indian Road, Southwest 
Cedar Rapids, Iowa 
(319) 366-0635 

Maryland 

Daniel & Company 
6 E. Pennsylvania Avenue 
Towson, Md. 
(301) 825-3330 

Michigan 

W. R. Hummon & Associates 
P.O. Box 501 
Farmington, Mich. 
(313) 474-0661 

Missouri 

PEM Sales 
9537 Lackland Road 
St. Louis, Mo. 
(314) 427-7200 

North Carolina 

Nahser Company, Inc. 
P.O. Box 432 
Burlington, N. C. 
(919) 584-8077 

New Mexico 

Data Handling Company 
209 San Pablo, S. E. 
Albuquerque, N. M. 
(505) 268-0928 

New York 

Comtronic Association 
1551 Franklin Avenue 
Mineola, L. I., N. Y. 
(516) Pl1-8966 

Ohio 

Electronic Marketing Corporation 
814 West Third Avenue 
Columbus, Ohio 
(614) 299-4161 

Pennsylvania 

Daniel & Company 
231 S. Easton Road 
Glenside, Pa. 
(215) TU7-0550 

Texas 

Texport 
2411 Farrington 
Dallas, Texas 

Washington 

Harry Levinson Company 
1211 East Denny Way 
Seattle 22, Wash. 
(206) 323-5100 
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DISTRIBUTORS 

Alabama 

Airwork Gulf Electronics Corp. 
4809 Bradford Blvd. 
Huntsville, Ala. 35805 
(205) 837-6101 
TWX: 810-726-2231 

Arizona 

Sterling Electronics 
1930 N. 22nd Avenue 
Phoenix, Ariz. 85005 
(602) 258-4531 
Telex: 66-8175 

California 

Elmar Electronics 
2288 Charleston Road 
Mountain View, Calif. 94040 
(415) 961-3611 

Kierulff Electronics Co., Inc. 
3969 E. Bayshore Road 
Palo Alto, Calif. 94303 
(415) 968-6292 

Kierulff Electronics Co., Inc. 
8797 Balboa 
San Diego, Calif. 92111 
(714) 278-2112 
TWX: 910-335-1182 

K-Tronics 
5645 E. Washington Blvd. 
Los Angeles, Calif. 90022 
(213) 685-5888 or (213) 685-6802 
TWX: 910-580-3152 

Liberty Electronics Corp. 
339 S. Isis Avenue 
Inglewood, Calif. 90301 
(213) 678-8111 
TWX: 910-328-6168 

Westates Electronics Corp. 
20151 Bahama Street 
Chatsworth, Calif. 91311 
(213) 341-4411 

Colorado 

Kierulff Electronics Co., Inc. 
1200 Stout Street 
Denver, Colo. 80204 
(303) 343-7090 
TWX: 910-931-0169 

Florida 

Electronic Wholesalers, Inc. 
9390 N.W. 27th Avenue 
Miami, Fla. 33125 
(305) OX6-1620 
Telex: 5-1674 

Electronic Wholesalers, Inc. 
Orlando Division 
345 Graham Avenue 
P.O. Box 20214 
Orlando, Fla. 32814 
(305) 841-1550 
Telex: 56-4454 
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DISTRIBUTORS (cont.) 

Airwork Gulf Electronics Corp. 
1740 N.W. 69th Avenue 
P.O. Box 48-194 
Miami, Fla. 33148 
(305) 887-6541 
TWX: 810-848-7641 

Illinois 
Bodelle Company, Inc. 
13803 School Street 
Chicago, Ill. 60627 
(312) 841-4088 
(312) 468-1016 

Pace/ Avnet Electronics 
3900 Pace Court 
Schiller Park, Ill. 60176 
(312) 678-6310 
TWX: 910-227-3565 

Maryland 
Milgray/Washington, Inc. 
5133 Lawrence Place 
Hyattsville, Md. 
(202) 864-6330 
TWX: 710-826-1127 

Technico, Inc. 
6 E. Pennsylvania Avenue 
Towson, Md. 21204 
(301) 828-6416 
TWX: 710-232-1813 

Massachusetts 
DeMambro Electronics 
1091 Commonwealth Avenue 
Boston, Mass. 02215 
(617) 787-1200 

Milgray/New England, Inc. 
79 Terrace Hall Avenue 
Burlington, Mass. 01803 
(617) 272-6800 
TWX: 610-332-6508 

Minnesota 
Industrial Components, Inc. 
4004 W. 78th Street 
Minneapolis, Minn. 55424 
(612) 927-9991 

Missouri 
Hall-Mark Electronics 
6100 Madison 
St. Louis, Mo. 
(315) JA1-3800 
TWX: 910-760-1630 

New Jersey 
Angus, Inc. 
P.O. Box 126 
Moorestown, N. J. 08057 
(609) BE5-1900 
TWX: 710-897-0829 

New Mexico 
Kierulff Electronics Co., Inc. 
6405 Acoma S.E. 
Albuquerque, N. M. 
(505) 268-3901 
TWX: 910-989-1693 

AMELCO OFFICES 

New York 

Federal Electronics 
Vestal Parkway 
P.O. Box 1208 
Binghamton, N. Y. 13902 
(607) 7 48-8211 
TWX: 510-252-0893 

Milgray Electronics, Inc. 
160 Varick Street 
New York, N. Y. 10013 
(212) 989-1600 
TWX: 710-581-5808 
Purchasing: (212) WA4-3000 

Lafayette Industrial Electronics 
165-08 Liberty Avenue 
Jamaica, N. Y. 11433 
(212) 658-5050 
Night Line: (212) OL8-4578 

Standard Electronics 
1501 Main Street 
Buffalo, N. Y. 14209 
(716) 883-5000 

Summit Distributors, Inc. 
916 Main Street 
Buffalo, N. Y. 14209 
(716) 884-3450 
(716) 546-8608 

North Carolina 

Pyttronic Industries, Inc. 
Gateway Plaza - 2415C 
Crabtree Blvd. 
Raleigh, N. C. 27604 
(919) 883-7552 

Ohio 

Electronics Marketing Corp. 
814 W. Third Avenue 
Columbus, Ohio 43212 
(614) 299-4161 
TWX: 810-482-1621 

Pennsylvania 

Milgray/Delaware Valley 
2532 N. Broad Street 
Philadelphia, Pa. 19132 
(215) BA8-2000 

Texas 

Hall-Mark Electronics Corp. 
8000 Westglen 
Houston, Texas 77042 
(713) 781-0011 
TWX: 910-881-2711 

Solid State Electronics 
2643 Manana 
P.O. Box 20299 
Dallas, Texas 75220 
(214) FL2-2601 
TWX: 910-861-4394 

Washington 

Radar Electric Company 
168 Western Avenue West 
Seattle, Wash. 98119 
(206) AT2-2511 
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FOREIGN 

Amelco Semiconductor 
6 Frankfurt/Main 
Am Hauptbahnhof 10 
Germany 

Australia 

Austronic Eng. Labs 
60-64 Queensberry St. 
Carlton, Victoria, Australia 

Denmark 

A/S Nordisk Elektroni)< 
Danasvej 2 
Copenhagen V Denmark 

England 

Lectropon, Ltd. 
Kinbex House, Wellington St. 
Slough, Buckinghamshire, England 

France 

Technique Et Produits 
63 Bis Rue D'Aguesseau 
Boulogne-S/Seine, France 

West Germany 

Omni Ray Gmbh 
Postfach 75 
D4051 Breyell, West Germany 

Holland 

Uni-Office N. V. 
P.O. Box 1122 
Rotterdam, Holland 

Israel 

Stg International Ltd. 
52 Nahlat Benyamin St. 
P.O. Box 1276 
Tel-Aviv, Israel 

Italy 

Sisram S.N.C. 
Corso Matteotti 55 
Torino, Italy 

Japan 

Hakuto Co., Ltd. 
Foreign Division 
P.O. Box 25 
Tokyo Central, Japan 

Sweden 

Nordisk Elektronik AB 
Postfck 
Stockholm 7 Sweden 

For sales in other 
countries contact: 

Export Manager 
Amelco Semiconductor 
1300 Terra Bella Ave. 
Mountain View, Calif. 94040 
U.S.A. 



DEFINITION OF SYMBOLS AND TERMS 

* 
NPN 

Contact local representative for latest information 
Silicon Planar Transistor, N-Polarity 
Silicon Planar Transistor, P-Polarity 
Dual NPN Transistor 
Dual PNP Transistor 

PNP 
DNPN 
DPNP 
PFET 
NFET 
DNFET 
DPFET 
MDNPN 
MDDNPN 
HNIL 
TTL 
MEMA 

Silicon Planar Junction Field Effect Transistor, P-Channel 
Silicon Planar Junction Field Effect Transistor, N-Channel 
Dual N-Channel Field Effect Transistor 
Dual P-Channel Field Effect Transistor 
Monolithic Dual NPN Transistor 
Monolithic Dual Darlington NPN Transistor 
High Noise Immunity Logic 
Transistor-Transistor Logic 
Micro Electronic Modular Assembly 

Device Part No. 

TRANSISTORS 

2N718 
2N718A 
JAN-2N718A 
JAN-TX-2N71 BA 
2N720 
2N760 
2N760A 
2N869 
2N910 
JAN-2N910 
2N911 
2N915 
2N915A 
2N916 
JAN-2N916 
2N916A 
2N916B 
2N917 
2N918 
JAN-2N918 
JAN-TX-2N918 
2N929 
JAN-2N929 
JAN-TX-2N929 
2N929A 
2N930 
JAN-2N930 
JAN-TX-2N930 
2N930A 
2N930B 
2N995 
2N998 
2N1613 
JAN-2N1613 
JAN-TX-2N1613· 
2N1711 
2N2060 
JAN-2N2060 
JAN-TX-2N2060 
2N2060A 
2N2192 
2N2192A 
2N21928 

Type 

NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 
DNPN 
NPN 
NPN 
NPN 
NPN 
DNPN 
DNPN 
DNPN 
DNPN 
NPN 
NPN 
NPN 

Description 

General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose· 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose. 
Medium Power 
Medium Power 
Medium Power 

Sheet No. 

* 
* 
* 
* 
* 

1101 
1101 
1601 

* 
* 
* 

1501 
1501 
1502 
1502 
1502 
1502 

... 
1503 
1503 
1503 
1102 
1102 
1102 
1102 
1102 
1102 
1102 
1102 
1102 
1602 

* 
* 
* 
* 
* 
* 
* 
* 
* 

1301 
1301 
1301 
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Device Part No. 

2N2193 
2N2193A 
2N2193B 
2N2194 
2N2194A 
2N2194B 
2N2195 
2N2195A 
2N2195B 
2N2217 
2N2218 
JAN-2N2218 
JAN-TX-2N2218 
2N2218A 
JAN-2N2218A 

Type 

NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 

JAN-TX-2N221BA NPN 
2N2219 NPN 
JAN-2N2219 
JAN-TX-2N2219 
2N2219A 
JAN-2N2219A 
JAN-TX-2N2219A 
2N2220 
2N2221 
JAN-2N2221 
JAN-TX-2N2221 
2N2221A 
JAN-2N2221A 
JAN-TX-2N2221 A 
2N2222 
JAN-2N2222 
JAN-TX-2N2222 
2N2222A 
JAN-2N2222A 
JAN-TX-2N2222A 
2N2222B 
2N2223 
2N2223A 
2N2243 
2N2243A 
2N2297 
2N2368 
2N2369 
2N2369A 
2N2386 
2N2453 
2N2453A 
2N2481 
2N2483 
2N2484 
2N2484A 
2N2497 
2N2498 
2N2499 
2N2509 
2N251() 
2N2511 
2N258o 
2N2601 
2N2602 

NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
DNPN 
DNPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
PFET 
DNPN 
DNPN 
NPN 
NPN 
NPN 
NPN 
PFET 
PFET 
PFET 
NPN 
NPN 
NPN 
NPN 
PNP 
PNP 

Description 

Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 

Sheet No. 

1301 
1301 
1301 
1301 
1301 
1301 
1301 
1301 
1301 
1302 
1302 
1302 
1302 
1303 
1303 
1303 
1302 
1302 
1302 
1303 
1303 
1303 
1302 
1302 
1302 
1302 
1303 
1303 
1303 
1302 
1302 
1302 
1303 
1303 
1303 
1304 
2301 
2301 
1305 
1305 
1306 

* 
* 

1504 

* 
2101 
2101 

* 
1103 
1103 
1103 

* 
* 
* 

1104 
1104 
1104 
1105 
1603 
1603 



Device Part No. 

2N2603 
2N2604 
2N2605 
2N2606 
JAN-2N2606 
2N2607 
JAN-2N2607 
2N2608 
JAN-2N2608 
2N2609 
JAN-2N2609 
2N2616 
2N2639 
2N2640 
2N2641 
2N2642 
2N2643 
2N2644 
2N2708 
JAN-2N2708 
2N2720 
2N2721 
2N2722 
2N2729 
2N2841 
2N2842 
2N2843 
2N2865 
2N2903 
2N2903A 
2N2904 
JAN-2N2904 
JAN-TX-2N2904 
2N2904A 
JAN-2N2904A 
JAN-TX-2N2904A 
2N2905 
JAN-2N2905 
JAN-TX-2N2905 
2N2905A 
JAN-2N2905A 
JAN-TX-2N2905A 
2N2906 
JAN-2N2906 

Type 

PNP 
PNP 
PNP 
PFET 
PFET 
PFET 
PFET 
PFET 
PFET 
PFET 
PFET 
NPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
NPN 
NPN 
DNPN 
DNPN 
DNPN 
NPN 
PFET 
PFET 
PFET 
NPN 
DNPN 
DNPN 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 

JAN-TX-2N2906 PNP 
2N2906A PNP 
JAN-2N2906A PNP 
JAN-TX-2N2906A PNP 
2N2907 PNP 
JAN-2N2907 PNP 
JAN-TX-2N2907 PNP 
2N2907A PNP 
JAN-2N2907A PNP 
JAN-TX-2N2907A PNP 
2N2913 
2N2914 
2N.2915 
2N2915A 
2N2916 
2N2916A 

DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 

Description 

General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
General Purpose 
General Purpose 
Medium Power 
Medium Power 
Medium Power 
Medium Power 

Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
Medium Power 
General Purpose 
General Pu.Ypose 
General Purpose 
General Purpose 
General Pmpose 
General Pu,rpose 

Sheet No. 

1603 
1604 
1604 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
1505 
2102 
2102 
2102 
2102 
2102 
2102 
1506 
1506 
2103 
2103 
2103 
1505 

* 
* 
* 

1507 

* 
* 

1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
1801 
2104 
2104 
2104 
2104 
2104 
2104 

Device Part No. 

2N2917 
2N2918 
2N2919 
JAN-2N2919 
JAN-TX-2N2919 
2N2919A 
2N2920 
JAN-2N2920 
JAN-TX-2N2920 

2N2920A 
2N2972 
2N2973 
2N2974 
2N2975 
2N2976 
2N2977 
2N2978 
2N2979 
2N2980 
2N3066 
2N3067 
2N3068 
2N3069 
2N3070 
2N3071 
2N3117 
2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 
2N3329 
2N3330 
2N3331 
2N3347 
2N3348 
2N3349 
2N3350 
2N3351 
2N3352 
2N3365 
2N3366 
2N3367 
2N3368 
2N3369 
2N3370 
2N3376 
2N3380 
2N3382 
2N3386 
2N3423 
2N3424 
2N3436 
2N3437 
2N3438 
2N3452 
2N3453 
2N3454 
2N3455 

Type 

DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
DNPN 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
PFET 
PFET 
PFET 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
PFET 
PFET 
PFET 
PFET 
DNPN 
DNPN 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 

Description Sheet No. 

General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Pu.rpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose Switch 
General Purpose Switch 
General Purpose Switch 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
·General Purpose 
General Purpose 
General Purpose 

2104 
2104 
2104 
2104 
2104 
2104 
2104 
2104 
2104 
2104 
2105 
2105 
2105 
2105 
2105 
2105 
2105 
2105 

* 
* 
* 
* 

3101 
3101 
3101 
1106 
1508 
1508 
1509 
1509 
1509 
1509 

* 
* 

2601 
2601 
2601 
2601 
2601 
2601 

* 
* 
* 

3101 
3101 
3101 

* 
* 
* 

2501 
2501 
3102 
3102 
3102 
3103 
3103 
3103 
3103 



Device Part No. 

2N3456 
2N3457 
2N3458 
2N3459 
2N3460 
2N3680 
2N3800 
2N3801 
2N3802 
2N3803 
2N3804 
2N3805 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3811 
2N3823 
2N3921 
2N3922 
2N3934 
2N3935 
2N3966 
2N3967 
2N3967A 
2N3968 
2N3968A 
2N3969 
2N3969A 
2N3970 
2N3971 
2N3972 
2N4015 
2N4016 
2N4017 
2N4018 
2N4019 
2N4082 
2N4083 
2N4084 
2N4085 
2N4091 
2N4092 
2N4093 
2N4139 
2N4223 
2N4224 
2N4302 
2N4303 
2N4304 
2N4391 
2N4392 
2N4393 
2N4881 
2N4882 
2N4883 
2N4884 
2N4885 
2N4886 

Type 

NFET 
NFET 
NFET 
NFET 
NFET 
DNPN 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
NFET 
DNFET 
DNFET 
DNFET 
DNFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
DPNP 
DPNP 
DPNP 
DPNP 
DPNP 
DNFET 
DNFET 
DNFET 
DNFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 

Description Sheet No. 

General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose Switch 
General Purpose Switch 
General Purpose Switch 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose Switch 
General Purpose Switch 
General Purpose Switch 
General Purpose 
RF/IF Amplifier 
RF/IF Amplifier 
General Purpose 
General Purpose 
General Purpose 
General Purpose Switch 
General Purpose Switch 
General Purpose Switch 
High Voltage Amplifier 
High Voltage Amplifier 
High Voltage Amplifier 
High Voltage Amplifier 
High Voltage Amplifier 
High Voltage Amplifier 

3103 
3103 
3102 
3102 
3102 
2106 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
2603 
3303 
4102 
4102 
4103 
4103 
3104 
3104 
3104 
3104 
3104 
3104 
3104 
3105 
3105 
3105 

* 
* 

2604 
2604 
2604 
4103 
4103 
4102 
4102 
3106 
3106 
3106 
3107 
3304 
3304 
3305 
3305 
3305 

* 
* 
* 

3306 
3306 
3306 
3306 
3306 
3306 

8 

Device Part No. 

2N4977 
2N4978 
2N4979 
2N5018 
2N5019 
2N5078 
2N5079 
2N5080 
2N5277 
2N5278 
A1109 
A1341 
DL1009 
P1027 
P1028 
P1029 
SA2206 
SA2253 
SA2664 
SU2078 
SU2079 
SU2080 
SU2081 
SU2098 
SU2099 
U1277 
U1278 
U1279 
U1280 
U1281 
U1282 
U1283 
U1284 
U1285 
U1286 
U1325 
U1714 
U1715 

Type 

NFET 
NFET 
NFET 
PFET 
PFET 
NFET 
NPN 
NPN 
NFET 
NFET 
NPN 
NPN 
DPNP 
PFET 
PFET 
PFET 
DNPN 
DNPN 
MDDNPN 
DNFET 
DNFET 
DNFET 
DNFET 
DNFET 
DNFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 
NFET 

Description Sheet No. 

General Purpose Switch 3109 \, 
General Purpose Switch 3109 
General Purpose Switch 
General Purpose Switch 
General Purpose Switch 
RF/IF Amplifier 
Medium Power 
Medium Power 
High Voltage Amplifier 
High Voltage Amplifier 
General Purpose 
GeneriJ.I Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
Low Leakage Amplifier 
High Voltage Amplifier 

3109 
3503 
3503 
3307 
1307 
1307 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

4101 
4101 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

3301 
3302 

LINEAR MICROCIRCUITS 
709 
710 
711 
800 
801 
805 
806 
807 
808 
809 
819 
831 
901 
903 
911 

Monolithic Operational Amplifier 
Monolithic Differential 
Monolithic Dual Differential 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Operational Amplifier 
Monolithic Differential Amplifier 
Monolithic Video Amplifier 
Monolithic VHF Amplifier 
Monolithic RF/IF Amplifier 

5001 
5002 
5003 

5001 
5201 
5202 
5202 
5202 
5202 
5203 
5204 
5205 
5401 
5402 
5403 



( 
Device Part No. 

508 
509 
510 
510 
511 
512 
513 
526 
527 
528 
529 
530 
531 
533 
534 
535 
537 
538 
539 
540 
541 
543 
544 
547 
548 
570 
571 
573 
574 
575 
577 
578 
579 
580 
583 
584 
587 

Type 

TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 

Description Sheet No. 

Dual 4 Input Nand/Nor Gate 6506 
JK Flip-Flop 6507 
Dual 3 Input Gate 
Dual 3 Input Gate 
Dual 3 Input Gate 
JK Flip-Flop 
Dual 4 Input Gate 
Dual 4 Input Gate 
Dual 3 Input Gate 
Dual 3 Input Gate 
JK Flip-Flop 

* 

* 
* 

* 
* 
* 

Dual 4 Input Gate 6503 
Quad 2 Input Gate 6504 
Triple 3 Input Gate 6505 
Dual 4 Input Gate 6503 
Quad 2 Input Gate 6504 
Triple 3 Input Gate 6505 
Dual 4 Input Nand/Nor Gate 6506 
JK Flip-Flop 6507 
Dual 4 Input Buffer 6508 
Dual 4 Input Buffer 6508 
Dual 4 Input Gate 6509 
Dual 4 Input Gate 6509 
Dual 4 Input Power Gate 6510 
Dual 4 Input Power Gate 6510 
Dual 4 Input Gate 6503 
Quad 2 Input Gate 6504 
Triple 3 Input Gate 6505 
Dual 4 Input Gate 6503 
Quad 2 Input Gate 6504 
Triple 3 Input Gate 6505 
Dual 4 Input Nand/Nor Gate 6506 
JK Flip-Flop 6507 
Dual 4 Input Buffer 6511 
Dual 4 Input Gate 6509 
Dual 4 Input Gate 6509 
Dual 4 Input Buffer 6511 

DIGITAL MICROCIRCUITS 
301 
302 
311 
312 
321 
322 
323 
331 
341 
342 
361 
362 
370 
500 
501 
503 
504 
505 
507 

HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
HNIL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 

Dual 5 Input Buffer 
Quad 2 Input Power Gate 
RST-JK Flip-Flop 
Dual JK Flip-Flop 
Quad 2 Input Gate 
Dual 5 Input Gate 
Quad 2 Input Gate 
Dual 5 Input Expander 
Dual Exclusive-Or 
Dual One Shot 
Dual Input Interface 
Dual Output Interface 
Quad D Flip-Flop 
Dual 4 Input Gate 
Quad 2 Input Gate 
Triple 3 Input Gate 
Dual 4 Input Gate 
Quad 2 Input Gate 
Triple 3 Input Gate 

6001 
6002 
6003 
6004 
6005 
6006 
6007 
6008 
6009 
6010 
6011 
6012 
6013 
6503 
6504 
6505 
6503 
6504 
6505 
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Device Part No. Type Description Sheet No. 

HYBRID MICROCIRCUITS 
2001 
2107 
2110 
2114 
2126 
2128 
2404 
2405 
2709 
2802 
2803 
2809 

Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 

High Voltage/Current Driver 7001 
SPST FET Analog Switch 7101 
SPST FET Analog Switch 7101 
S.PDT FET Analog Switch 7102 
SPDT FET Analog Switch 7103 
Quad SPST FET Analog Sw. 7104 
Operational Amplifier 7401 
Operational Amplifier 7401 
Operational Amplifier * 
Voltage Regulator 
Voltage Regulator 
Operational Amplifier 

7801 
7801 

* 

MICRO-ELECTRONIC MODULAR ASSEMBLY 
5551 
5552 
5598 
5603 

5604 
5605 
5606 
5608 
5620 
5621 
5622 
5623 

5624 
5625 
5626 
5627 
5628 
5643 

5644 
5645 
5646 
5647 
5648 
5660 
5661 
5662 
5663 
5670 

MEMA 
MEMA 
MEMA 
MEMA 

MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 

MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 

MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 
MEMA 

20 Bit Shift Register 
16 Bit Shift Register 
16 Bit Ripple Counter 
Up/Down-BCD Decimal 
Counter 
Dual Decade Counter 
16 Bit Ripple Co·unter 
Dual Decade Decoder 
Dual 4 Bit Counter 
Dual 12 Bit Shift Register 
Dual 10 Bit Shift Register 
Dual 8 Bit Shift Register 
UP/Down-BCD Decimal 
Counter 
Dual Decade Counter 
16 Bit Ripple Counter 
Dual Decade Decoder 
Dual Decade Decoder 
Dual 4 Bit Counter 
UP/Down-BCD Decimal 
Counter 
Dual Decade Counter 
16 Bit Ripple Counter 
Dual Decade Decoder 
Dual Decade Decoder 
Dual 4 Bit Counter 

8101 
8101 
8102 
8401 

8102 

* 
* 
* 
* 

8401 

* 
8102 

* 
* 

8401 

* 
8102 

* 
* 
* 

8 Channel Binary Multiplexer 
8 Channel B!nary Multiplexer 
12 Channel Multiplexer 

* 
* 
* 

12 Channel Multiplexer 
RF Power Amplifier 

* 
8402 



Injection Transistors 

N.P.N. General Purpose Transistors 

P.N.P. Genernl Purpose Transistors 
N.P.N. Switching Transistors 

P.N.P. Switching Transistors 

N.P.N. Medium Power Transistors 
P.N.P. Medium Power Transistors 

CATEGORY INDEX 

Medium Power Beta/Collector Current Table (VcE=10V) 
N.P.N. RF/IF Transistors 

P.N.P. RF/IF Transistors 

Military Types 
Dual N.P.N. 

Dual P.N.P. 

Field Effect Transistors 

N Channel General Purpose FET 

P Channel General Purpose FET 
Epoxy N Channel FET 

High Frequency N Channel FET 

Low Capacitance N Channel FET 

High Gain N Channel FET 
High Voltage N Channel FET 

Ultra Low Leakage N Channel FET 

Low Ron N Channel FET 
Low Ron P Channel FET 

Small Signal P Channel FET 
Dual FET's 

Hybrids 

FET Input Operational Amplifiers 
Voltage Regulators 

High Voltage/Current Driver 

FET Analog Switch 

Digital Microcircuits 

High Noise Immunity Logic (HNIL) 
Transistor-Transistor Logic (TTL) 

Linear Microcircuits 

Military Grade Operational Amplifiers 
Industrial Grade Operational Amplifiers 

Miscellaneous Linear Circuits 
Micro Electronic Modular Assembly (MEMA) 

1-0 

Page 

11 - 12 
12 
13 
13 
14 
14 
15 
16 
16 
17 

18 - 19 
20 - 21 

22 
23 
23 
23 
24 
24 
25 
25 
25 
25 
26 

26 

27 
27 
28 

28 - 29 

30 
31 

32 - 33 
32 - 33 

34 

35 



( 

Vcso 

v 

NPN GENERAL PURPOSE 

VCE!satl V BE!satl 

v v 

lcso 

lcso 15o•c 

nA µA 

NF 

db PACKAGE 

TYPE NO. min min min min max max max max max max max max min max TYPE BASE 

2N718 *40 60 

2N718A *50 75 

2N720 *80 120 

2N760 45 45 

2N760A 60 60 

2N910 60 100 

2N911 60 100 

2N929 45 

2N929A 45 60 

2N930 45 

2N930A 45 60 

2N930B 45 60 

2N1613 *50 75 

2N1711 *50 

2N2192 40 

2N2192A 40 

2N2192B 40 

2N2193 50 

2N2193A 50 

2N2193B 50 

2N2194 40 

2N2194A 40 

2N2194B 40 

2N2195 25 

2N2195A 25 

2N2195B 25 

2N2217 30 

2N2218 30 

2N2218A 40 

2N2219 30 

2N2219A 40 

2N2220 30 

2N2221 30 

2N2221A 40 

2N2222 30 

2N2222A 40 

2N2222B 40 

75 

60 

60 

60 

80 

80 

80 

60 

60 

60 

45 

45 

45 

60 

60 

75 

60 

75 

60 

60 

75 

60 

75 

75 

5 40 120 

7 40 120 

5 40 120 

8 *76 333 

8 *76 333 

7 *80 200 

7 *40 100 

5 40 120 

6 40 120 

5 100 300 

6 100 300 

6 100 300 

7 40 120 

7 100 300 

5 100 

5 100 

5 100 

8 40 

8 

8 

5 

40 

40 

20 

5 20 

5 20 

5 20 

5 20 

5 20 

5 20 

5 40 

6 40 

5 100 

6 100 

5 20 

5 40 

6 40 

5 100 

6 100 

6 100 

1.5 

1.5 

5.0 

1.0 

1.0 

0.4 

0.4 

1.0 

0.5 

1.0 

0.5 

0.5 

1.5 

1.3 

1.3 

1.3 

1.0 

1.1 

0.8 

0.8 

0.9 

0.9 

0.9 

1.3 

1.5 1.3 

.35 

.25 

.18 

.35 

.25 

.. 18 

.35 

.25 

.18 

.35 

.25 

.18 

0.4 

0.4 

0.3 

0.4 

0.3 

0.4 

0.4 

0.3 

0.4 

0.3 

0.2 
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1.0K 100 

10 10 10 

2.0K 200 

200 10 

100 10 

25 25 

25 25 

10 

2 2 

10 

2 2 

2 2 

10 10 

5 10 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

100 100 

100 100 

100 100 

10 to 
10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 

15 

15 

2 

2 

2 

10 

10 

10 

35 

25 

20 

8 

8 

15 

15 

8 

6 

8 

6 

6 

25 

25 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

80 

85 

85 

80 

80 

50 

70 

50 

50 

50 

60 

50 

30 4 

45 4 

30 4 

45 3 

45 3 

60 

70 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

250 

250 

25 250 

250 

25 300 

250 

250 

25 250 

250 

25 300 

25 300 4 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

3L 
3L 

3L 

3L 
3L 

3L 
3L 
3L 

3L 

3L 
3L 
3L 

3L 
3L 

3L 
3L 

3L 
3L 

3L 
3L 

3L 

3L 

3L 
3L 
3L 

3L 

3L 
3L 
3L 
3L 

3L 

3L 
3L 
3L 
3L 

3L 

3L 



VcER• 
OR 

VcEo 

v 
Vcso 

v 

NPN GENERAL PURPOSE (Cont.) 

V CE!satl V BE!satl 

v v 

lcso 

lcso 150°c 

nA µA 

NF 

db PACKAGE 

TYPE NO. min min min min max max max max max max max max min max TYPE BASE 

2N2243 120 

2N2243A 120 

2N2297 35 80 

2N2483 60 60 

2N2484 60 60 

2N2484A 60 60 

2N2509 80 125 

2N2510 65 100 

2N2511 50 80 

2N2586 

2N2865 

2N3117 

2N5079 

2N5080 

A1109 

A1341 

2N869 

2N995 

2N2601 

2N2602 

2N2603 

45 

13 

60 

30 

30 

18 

15 

60 

60 

60 

60 

25 

60 

60 

60 

45 

75 

25 

20 

60 

60 

60 

2N2604 -45 -60 

2N2605 -45 -60 

2N2904 40 60 

2N2904A 60 60 

2N2905 40 

2N2905A 60 

2N2906 40 

2N2906A 60 

2N2907 40 

2N2907A 60 

60 

60 

60 

60 

60 

60 

7 40 120 

7 40 120 

7 40 120 

6 40 120 

6 100 500 

6 100 500 

7 25 

7 75 

7 120 

6 120 360 

3 20 200 

6 250 500 

5 100 300 

5 200 500 

5 

5 

5 

4 

6 

6 

6 

70 

50 

20 120 

35 140 

12.5 

25 

50 

-6 40 120 

-6 100 300 

5 20 

5 40 

5 

5 

5 

5 

5 

5 

35 

75 

20 

40 

35 

75 

0.35 

0.25 

0.35 

0.35 

1.6 

0.35 0.7 

1.0 0.9 

1.0 0.9 

1.0 0.9 

0.5 0.9 

0.4 1.0 

0.35 

0.2 1.0 

0.2 1.0 

0.6 

1.2 

0.9 

1.2 

50 10 

50 10 

10 10 

10 10 

10 10 

10 10 

2 5 

2 5 
2 5 

2 2 

10 

10 10 

10 10 

10 10 

100 

10 

PNP GENERAL PURPOSE 

15 

15 

10 

10 

10 

10 

10 

10 

10 

1.0 

10 

10 

10 

1.0 

0.2 

0.5 

0.5 

0.7 

0.5 

0.5 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

1.0 10 25 

0.95 1 OK 5.0 25 

0.9 

0.9 

0.9 

0.9 

0.9 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

12 

5 25 

5 25 

5 25 

-2 10 

-2 10 

20 

10 

20 

10 

20 

10 

20 

10 

25 

25 

25 

20 

10 

20 

10 

20 

10 

20 

10 

15 

15 

12 

6 

6 

6 

6 

6 

6 

7 

6 

6 

6 

10 

10 

10 

60 

60 

60 

60 

45 

45 

45 

45 

2.5 600 

4.5 6 60 

7.0 30 400 

7.0 30 400 

8.0 

10 

9 

10 

6 

6 

6 

6 

6 

8 

8 

8 

8 

8 

8 

8 

8 

11 

11 

40 

40 

100 

100 

20 

40 

60 

30 

30 

30 200 

30 200 

30 200 

30 200 

30 200 

30 200 

30 200 

30 200 

4 

3 

2 

7 

4 

4 

3 

4.5 

1.0 

4 

4 

4 

3 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 4L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-5 3L 

T0-18 3L 

T0-18 3L 

T0-46 3L 

T0-46 3L 

T0-46 3L 

T0-46 3L 

T0-46 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 



TYPE NO. 

2N2192 

2N2192A 

2N21928 

2N2193 

2N2193A 

2N21938 

2N2194 

2N2194A 

2N21948 

2N2218A 

2N2219A 

2N2221A 

2N2222A 

2N22228 

2N2368 

2N2369 

2N2369A 

2N2904 

2N2904A 

2N2905 

2N2905A 

2N2906 

2N2906A 

2N2907 

2N2907A 

min 

40 

40 

40 

50 

50 

50 

40 

40 

40 

40 

40 

40 

40 

40 

15 

15 

15 

40 

60 

40 

60 

40 

60 

40 

60 

min 

60 

60 

60 

80 

80 

80 

60 

60 

60 

75 

75 

75 

75 

75 

40 

40 

40 

60 

60 

60 

60 

60 

60 

60 

60 

min 

5.0 

5.0 

5.0 

8.0 

8.0 

8.0 

5.0 

5.0 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

4.5 

4.5 

4.5 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

100 

100 

100 

40 

40 

40 

20 

20 

20 

40 

100 

40 

100 

100 

20 

40 

40 

20 

40 

35 

75 

20 

40 

35 

75 

NPN SWITCHING TRANSISTORS 

V CE( sat) ICBO cib f1 t, 
V nA pf MHz nsec 

max max max max min 

0.35 

0.25 

0.18 

0.35 

0.25 

0.18 

0.35 

0.25 

0.18 

0.30 

0.30 

0.30 

0.30 

0.20 

0.25 

0.25 

0.20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

400 

20 

20 

20 

20 

20 

20 

20 

20 

20 

8.0 25 

8.0 25 

8.0 25 

8.0 25 

8.0 25 

4.0 

4.0 

4.0 

PNP SWITCHING TRANSISTORS 

0.40 

0.40 

0.40 

0.40 

0.40 

0.40 

0.40 

0.40 

20 

10 

20 

10 

20 

10 

20 

10 

13 

8.0 30 

8.0 30 

8.0 30 

8.0 30 

8.0 30 

8.0 30 

8.0 30 

8.0 30 

50 

50 

50 

50 

50 

50 

50 

50 

50 

250 

300 

250 

300 

300 

400 

500 

500 

200 

200 

200 

200 

200 

200 

200 

200 

max 

70 

70 

70 

70 

70 

70 

70 

70 

70 

25 

25 

25 

25 

25 

12 ton 

12 ton 

12 ton 

40 

40 

40 

40 

40 

40 

40 

40 

t, 

nsec 

max 

150 

150 

150 

150 

150 

150 

150 

150 

150 

225 

225 

225 

225 

225 

10 

13 

13 

80 

80 

80 

80 

80 

80 

80 

80 

ti 

nsec PACKAGE 

max TYPE BASE 

50 

50 

50 

50 

50 

50 

50 

50 

50 

60 

60 

60 

60 

60 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

15t011 T0-18 3L 

18t011 T0-18 3L 

18t011 T0-18 3L 

30 

30 

30 

30 

30 

30 

30 

30 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 



VcEO 
v 

TYPE NO. min 

2N2192 

2N2192A 

2N2192B 

2N2193 

2N2193A 

2N2193B 

2N2194 

2N2194A 

2N2194B 

2N2195 

40 

40 

40 

50 

50 

50 

40 

40 

40 

25 

2N2195A 25 

2N2195B 25 

2N2217 30 

2N2218 30 

2N2218A 40 

2N2219 30 

2N2219A 40 

2N2220 30 

2N2221 30 

2N2221A 40 

2N2222 30 

2N2222A 40 

.2N2222B 40 

min min 

60 

60 

60 

80 

80 

80 

60 

60 

60 

45 

45 

45 

60 

60 

75 

60 

75 

5 

5 

5 

8 

8 

8 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

6 

60 5 

60 5 

75 6 
60 5 

75 6 

75 6 

2N2243 120 7 

7 

7 

2N2243A 120 

2N2297 35 80 

2N2904 40 60 5 

2N2904A 60 60 5 

2N2905 40 60 5 

2N2905A 60 60 5 

2N2906 40 60 5 

2N2906A 60 60 5 

2N2907 40 60 5 

2N2907A 60 60 5 

NPN MEDIUM POWER TRANSISTORS 

min 

mo 
100 

100 

40 

40 

40 

20 

20 

20 

20 

20 

20 

20 

40 

30 

100 

100 

VcEcsatl 
v 

max 

lcso 

nA 

max max 

0.35 10 50 

0.25 10 50 

0.18 10 50 

0;35 10 50 

0.25 10 50 

0.18 1·0 50 

0.35 10 ·50 

0.25 10 50 

0.18 10 50 

0.35 100 100 

0.25 100 100 

0.18 100 100 

0.4 10 10 

0.4 10 10 

0.3 10 10 

0.4 10 10 

0.3 

20 0.4 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1.0 

10 

10 

50 

50 

10 

40 ~o.4 

40 0.3 

100 0.4 

100 0.3 

100 lil.2 

40 

40 

40 

0.35 

0.25 

cob 

pf 

max 

C;b h10 h;. 

pf 1 KHz ft 

max min max 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

8 

8 

8 25 

·8 

:8 '25 

8 

8 

8 25 

8 

8 25 

8 25 

50 

75 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

60 250 

60 250 

.250 

60 250 

300 

60 250 

60 250 

'250 

60 250 

300 

300 

t, t, 
nsec nsec 

min max 

.70 150 

J.O 150 

70 150 

70 150 

70 150 

70 150 

70 150 

70 150 

70 150 

1.5 

1'5 

12 

75 

75 

2.5 

2.5 Tb = 2J .nsec 

'60 

t, 
nsec PACKAGE 

max TYPE BASE 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3L 

50 T0-5 3l 

50 T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0•5 .3L 

T0-5 .3L 

T0-5 3L 

T0-5 3L 

T0-5 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 :JL 

11'.C>-18 3L 

T0-5 'SL 

T0-5 3L 

T0-5 3L 

PNP .MEDIUM POWER TRANSISTORS 

20 0.4 

40 0.4 

35 0.4 

75 0.4 

20 0.4 

40 0.4 

35 ·0.4 

7.5 0.4 

20 

10 

20 

10 

20 

10 

20 

10 

14 

8 30 

8 30 

8 30 

8 30 

8 30 

8 30 

8 30 

'8 30 

200 

200 

200 

200 

200 

200 

200 

200 

40 .SO 30 T0-5 3L 

40 80 30 T0-5 3L 

40 80 30 T0-5 3L 

40 80 30 T0-5 3L 

40 80 30 T0-16 3L 

40 80 30 T0-18 3L 

40 80 30 T0-18 3L 

40 80 30 T0-18 3L 



MEDIUM POWER TRANSISTOR BETA/COLLECTOR CURRENT TABLE (Vee= 10 V) 

ff 
TYPE 0.1 mA 1.0 mA 10 mA 150mA 500mA 1.0A TYPE 0.1 mA 1.0mA 10mA 150 mA 500 mA 1.0A ,, 
2N2192 75 100 15 2N2221 20 25 35 40 20 

2N2192A 75 100 15 2N2221A 20 25 35 40 

2N2192B 75 100 15 2N2222 35 50 75 100 30 

2N2193 30 40 15 2N2222A 35 75 100 40 

2N2193A 30 40 15 2N2222B 35 50 75 100 40 15 

2N2193B 30 40 15 2N2243 15 30 40 15 

2N21'94 15 20 2N2243A 15 30 40 15 

2N2194A 15 20 2N2297 30 40 15 

2N2194B 15 20 

2N2195 20 2N2904 20 25 35 40 20 

2N2195A 20 2N2904A 40 40 40 40 40 

2N2195B 20 2N2905 35 50 75 100 30 

2N2217 12 17 20 2N2905A 75 100 100 100 50 

2N2218 20 25 35 40 20 2N2906 20 25 35 40 20 

2N2218A 20 35 40 25 2N2906A 40 40 40 40 40 

2N2219 35 50 75 100 30 2N2907 35 50 75 100 30 

2N2219A 35 75 100 40 2N2907A 75 100 100 100 50 

2N2220 12 17 20 

( ' 
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TYPE NO. 

2N915 

2N915A 

2N916 

2N916A 

2N9168 

2N917 

2N918 

2N2368 

2N2369 

2N2369A 

2N2481 

2N2616 

2N2708 

2N2729 

2N2865 

2N3289 

2N3290 

2N3291 

2N3292 

2N3293 

2N3294 

2N5079 

2N5080 

2N869 

2N995 

2N2905A 

2N2907A 

min min min 

50 

50 

25 

25 

30 

15 

15 

15 

15 

15 

15 

15 

20 

15 

13 

15 

15 

25 

25 

20 

20 

30 

30 

18 

15 

60 

60 

70 

70 

45 

45 

60 

30 

30 

40 

40 

40 

40 

30 

35 

30 

25 

30 

30 

25 

25 

20 

20 

60 

60 

25 

20 

60 

60 

5.0 

5.0 

5.0 

5.0 

5.0 

3.0 

3.0 

4.5 

4.5 

4.5 

5.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

5.0 

5.0 

5.0 

4.0 

5.0 

5.0 

NPN RF/IF TRANSISTORS 

VCE(sat) 

hFE V 

min max 

50 

50 

50 

50 

50 

20 

20 

20 

40 

40 

40 

20 

30 

20 

20 

10 

10 

10 

10 

10 

10 

100 

200 

1.0 

0.20 

0.50 

0.50 

0.20 

0.50 

0.40 

0.25 

0.25 

0.20 

0.25 

0.40 

0.40 

0.40 

0.40 

0.40 

0.20 

0.20 

IEBO • lcBO 

ICBO 150°C Cob 

nA µA pf 

max max max 

10 10 3.5 

2.0 3.0 3.0 

10 10 6.0 

10 10 6.0 

2.0 3.0 3.0 

1.0 0.1 3.0 

10 1.0 3.0 

400 30 4.0 

400 30 4.0 

400 30 4.0 

30 5.0 

1.0 1.0 2.8 

10 10 1.5 

1.0 1.0 2.8 

10 1.0 2.5 

10 3.0 1.5 

10 3.0 1.5 

100* 2.0 

100* 2.0 

100* 2.0 

100* 

10 

10 

10 

10 

2.0 

7.0 

7.0 

PNP RF/IF TRANSISTORS 

20 

35 

75 

75 

1.0 

0.20 

0.40 

0.40 

10 25 

5.0 25 

10 10 

10 10 

16 

9.0 

10 

8.0 

8.0 

C;b ft 

pf MHz 

max min 

10 250 

5.0 500 

10 300 

10 300 

5.0 500 

1.6 500 

2.0 600 

400 

500 

500 

7.0 300 

2.0 600 

700 

2.0 600 

30 

30 

11 

11 

30 

30 

600 

300 

300 

250 

250 

250 

250 

400 

400 

100 

100 

200 

200 

P0 PACKAGE 

mW TYPE BASE 

9 10 

15 30 

15 30 

22 

15 30 

16.5 40 

17 

17 

16 

16 

14 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 4L 

T0-18 4L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 4L 

T0-46 3L 

T0-18 4L 

T0-18 4L 

T0-18 4L 

T0-18 4L 

T0-18 4L 

T0-18 4L 

T0-18 4L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-5 3L 

T0-18 3L 



MILITARY TYPES 

d ' 'l_ *JAN2N718A *JAN2N2218 JAN2N2606 *JAN2N2905A 

MIL-S-19500/181C MIL-S-19500/251E MIL-S-19500/292 MIL-S-19500/2908 

JAN2N910 * JAN2N2218A JAN2N2607 *JAN2N2906 

MIL-S-19500/274A MIL-S-19500/251E MIL-S-19500/294 MIL-S-19500/2918 

JAN2N916 *JAN2N2219 JAN2N2608 • JAN2N2906A 

MIL-S-19500/271A MIL-S-19500/251E MIL-S-19500/295 MIL-S-19500/2918 

*JAN2N918 * JAN2N2219A JAN2N2609 JAN2N2907 

MIL-S-19500/301A MIL-S-19500/255E MIL-S-19500/296 MIL-S-19500/2918 

*JAN2N929 *JAN2N2221 JAN2N2708 * JAN2N2907 A 

MIL-S-19500/2538 MIL-S-19500/255E MIL-S-19500/302 MIL-S-19500/2918 

*JAN2N230 * JAN2N2221 A *JAN2N2904 *JAN2N2919 

MIL-S-19500/2538 MIL-S-19500/255E MIL-S-19500/2908 MIL-S-19500/355 

*JAN2N1613 *JAN2N2222 * JAN2N2904A *JAN2N2920 

MIL-S-19500/181C MIL-S-19500/255E MIL-S-19500/2908 MIL-S-19500/355 

*JAN2N2060 * JAN2N2222A *JAN2N2905 •Also Available To 

MIL-S-19500/2708 MIL-S-19500/255E MIL-S-19500/2908 Jan TX specification 

( 
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TYPE NO. 

2N998 

2N2060 

2N2060A 

2N2223 

2N2223A 

2N2453 

2N2453A 

2N2480 

2N2639 

2N2640 

2N2641 

2N2642 

2N2643 

2N2644 

2N2720 

2N2721 

2N2722 

2N2903 

2N2903A 

2N2913 

2N2914 

2N2915 

2N2916 

2N2917 

2N2918 

2N2919 

2N2920 

2N2972 

2N2973 

2N2974 

2N2975 

2N2976 

2N2977 

2N2978 

2N2979 

2N2980 

2N3423 

2N3424 

2N3680 

SA2253 

SA2664 

min 

60 

60 

60 

60 

60 

30 

50 

40 

45 

45 

45 

45 

45 

45 

60. 

60 

45 

30 

30 

45 

45 

45 

45 

45 

45 

60 

60 

45 

45 

45 

45 

45 

45 

60 

60 

60 

15 

15 

50 

20 

Vceo 

v 

100 

100 

100 

100 

100 

60 

80 

75 

45 

45 

45 

45 

45 

45 

80 

80 

45 

60 

60 

45 

45 

45 

45 

45 

45 

00 

60 

45 

45 

45 

45 

45 

45 

60 

60 

100 

30 
3QI 

60 

40 

60 

min 

15 

7 

7 

7 

7 

7 

7 

5 

5 

5 

5 

5 

5 

5 

6 

6 

5 

7 

7 

6 

6 

6 

6 

6 

6 

& 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

3 

3 

6 

5 

NPN TRANSISTORS - DUAL ASSEMBLIES 

min 

16.00 

40 

40 

25 

25 

1'50 

150 

20 

65 

65 

65 

130 

130 

130 

35 

35 

100 

125 

125 

150 

300 

150 

300 

150 

300 

150 

300 

150 

300 

150 

300 
150 

300 

150 

300 

40 

20 

20 

150 

25 

800. 

max 

8000 

120 

120 

150' 

150 

600 

600 

625 

625 

120 

200 

200 

600 

min 

0.9 

0.9 

0.8 

0.9 

0.9 

0.9 

0'8 
0'.9 

0.8 

0.9 

0.8. 

0.9 

0.8 

!l9. 

0.8 

0.9 

0.9 

0.9 

0.8 

0.8 

0.9 

0.9 

&.91 

0.9 

0.8 

0.8 

IJl.!IJ 

0.9 

0.9 

0.8 

0.9 

0.9 

0.7 

0.7{; 

max 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

I 1.0. 

1.0 

1.0 

1.IJ· 

1.0 

1.0 

1·.0 

1.0 

1.0 

Ul 

1.0; 

1.0 

t.01 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

VC:EcsatJ 

v 
max 

1.2 

1.2 

0,6 

1.2. 

1.2 

1.0 

1.0 

1.3 

1.0 

1.0 

Ul 

t.G 

1.0 

1.0 

1.0 

UI 

1.0 

1.0 

1.0 

0.35 

a.35 

0.35 

0.35 

0.35 

0;35. 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

1.2 

0.4 

a.4 
0.7 

t5 

V BE(sat) V BEt1'·2J 
V mV 

max 

1.8 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Q.85 

0.85 

0.85 

0.9 

0.9 

0.9 

1.0 

1 .. 0 

0.8 

1.7 

max 

5: 

3 

15 

5 

3. 

3 

10 

5 

10 

5 

10 

5. 

10 

5 

10 

5 

3 

3 

5 

5 

3 

3 

3 

3 

5 

5 

3 

3 

3 

10 

5 

3 

20 

5 

AV8E(1-2) 

AT 

µV!°C 

max 

to 
5 

25 

25 

10 

5 

15 

10 

20 

10 

20 

10 

20 

10 

20 

tlil 

101 

10 

20 

20 

10 

10 

10 

10 

20 

20 

10 

10 

10 

40· 

20 

6 

3& 

18 

\. 



( 

( 

max 

10 

2 

2 

10 

10 

2 

2 

50 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

10 

10 
10 

10 

lcao 

nA 

max 

10 

2 

2 

1IJ 

10 

5 

5 

50 

10 

10 

10 

10 

10 

10 

10 

10 

1 

10 

10 

10 
10 
1,0 

10 

10 

10 

2 

2 

10 

10 

10 

10 
10 

10 

2 

2 

2 

10 

10 

10 

50 

10 

lcao 

150°C 

µA 

max 

15 

10 

10 

15 

15 

10 

10 

15 

10 

10 

10 

10 

10 

10 

10 

10 

1 

15 

15 

10 

10 

10 
10 

10 

10 
10 
10 

10 

10 

:10 

10 

10 

10 
10 

1.0 
10 

1 

1 

10 

max 

30 

15 

15 

15 

15 

8 

4 

20 

8 

8 

8 

8 

8 

8 

6 

6 

6 

8 

8 

6 

6 

6 

6 

6 

6 

6 
,5 

6 

6 

6 

6 

6 

6 

6 

:s 
8 

1.7 

1.7 

6 

7 

max 

50 

85 

85 

85 

85 

10 

10 

:10 

10 

30 

2 

2 

6 

60 

60 

50 

50 

60 

60 

50 

80 

80 

80 

80 

80 

80 

130 

80 

100 

60 

.60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

600 

600 

60 

REMARKS 

Darlington 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differ,ential Amplifier 

Differential Amplifier 

Dual Transistor 

Differential Amplifier 

Differential Amplifier 

Dual Transistor 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

.oifferential 1Amplifier 

Dual Transistor 

Dual Transistor 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

:o.uai Transistor 

Dual Transistor 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

Differential Amplifi.er 

Differential Amplifier 

Differential Amplifier 

Differential Amplifier 

"Kl, low1noise mtchd pr. 

'Hf,'low noise mtchd pr. 

Matched Pr. 

Differential Amplifier 

Monolithic D1:1al Darlington 

19 

PACKAGE 

TYPE BASE 

T0-18 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-5 

T0-5 

T0-5 

TO-S 

T0-5 

4L 

6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
6L 
SL 

TYPE NO. 

2N998 

2N2060 

2N2060A 

2N2223 

2N2223A 

2N2453 

2N2453A 

2N2480 

2N2639 

2N2640 

2N2641 

2N2642 

2N2643 

2N2644 

2N2720 

2N2721 

2N2722 

2N2903 

2N2903A 

2N2913 

2N2914 

2N2915 

2N2916 

2N2917 

2N2918 

2N2919 

2N2920 

2N2972 

2N2973 

2N2974 

2N2975 

2N2976 

2N2977 

2N2978 

2N2979 

2N2980 

2N3423 

2N3424 

2N3680 

SA2253 

SA2664 



PNP TRANSISTORS - DUAL ASSEMBLIES 

AV8E(1-2) 
" " 

VcEO Vcso VEBO hFEI VCE(sat) VBE(sat) VBE(1-2) AT 

v v v hFE hFE2 v v mV µV/°C 

TYPE NO. min min min min max min max max max max max 

2N3347 45 60 6 60 0.9 1.0 0.5 5 10 

2N3348 45 60 6 60 0.8 1.0 0.5 10 20 

2N3349 45 60 6 60 0.6 1.0 0.5 20 40 

2N3350 45 60 6 150 0.9 1.0 0.5 5 10 

2N3351 45 60 6 150 0.8 1.0 0.5 10 20 

2N3352 45 60 6 150 0.6 1.0 0.5 20 40 

2N3800 60 60 5 100 0.2 0.7 

2N3801 60 60 5 225 0.2 0.7 

2N3802 60 60 5 100 0.8 1.0 0.2 0.7 5 20 

2N3803 60 60 5 225 0.8 1.0 0.2 0.7 5 20 

2N3804 60 60 5 100 0.9 1.0 0.2 0.7 3 10 

2N3805 60 60 5 225 0.9 1.0 0.2 0.7 3 10 

2N3806 60 60 5 100 0.2 0.7 

2N3807 60 60 5 225 0.2 0.7 

2N3808 60 60 5 100 0.8 1.0 0.2 0.7 5 20 

2N3809 60 60 5 225 0.8 1.0 0.2 0.7 5 20 

2N3810 60 60 5 100 0.9 1.0 0.2 0.7 3 10 

2N3811 60 60 5 225 0.9 1.0 0.2 0.7 3 10 

2N4015 60 60 5 135 350 0.9 1.0 0.25 1.0 5 20 

2N4016 60 60 5 135 350 0.9 1.0 0.25 1.0 2.5 10 

2N4017 80 80 6 100 500 0.25 0.9 

2N4018 60 60 6 100 600 0.25 0.9 

2N4019 45 45 6 250 600 0.25 0.9 

20 



( 
le BO 

IEBO ICBO 150°C cob C;b fr 

nA nA µA pf pf MHz PACKAGE 

max max max max max min REMARKS TYPE BASE TYPE NO. 

2 10 10 6 8 60 Differrntial Amplifier T0-5 6L 2N3347 

2 10 10 6 8 60 Differential Amplifier T0-5 6L 2N3348 

2 10 10 6 8 60 Differential Amplifier T0-5 6L 2N3349 

2 10 10 6 8 60 Differential Amplifier T0-5 6L 2N3350 

2 10 10 6 8 60 Differential Amplifier T0-5 6L 2N3351 

2 10 10 6 8 60 Differential Amplifier T0-5 6L 2N3352 

20 10 10 4 8 100 Dual Transistor T0-18 6L 2N3800 

20 10 10 4 8 100 Dual Transistor T0-18 6L 2N3801 

20 10 10 4 8 100 Differential Amplifier T0-18 6L 2N3802 

20 10 10 4 8 100 Differential Amplifier T0-18 6L 2N3803 

20 10 10 4 8 100 Differential Amplifier T0-18 6L 2N3804 

20 10 10 4 8 100 Differential Amplifier T0-18 6L 2N3805 

20 10 10 4 8 100 Dual Transistor T0-5 6L 2N3806 

20 10 10 4 8 100 Dual Transistor T0-5 6L 2N3807 

20 10 10 4 8 100 Differential Transistor T0-5 6L 2N3808 

20 10 10 4 8 100 Differential Transistor T0-5 6L 2N3809 

20 10 10 4 8 100 Differential Transistor T0-5 6L 2N3810 

20 10 10 4 8 100 Differential Transistor T0-5 6L 2N3811 

100 10 10 8 25 200 Differential Transistor T0-5 6L 2N4015 

100 10 10 8 25 200 Differential Transistor T0-5 6L 2N4016 

10 10 10 6 40 Dual Transistor T0-5 6L 2N4017 

10 10 10 6 40 Dual Transistor T0-5 6L 2N4018 

10 10 10 6 50 Dual Transistor T0-5 6L 2N4019 
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BVoGo 
v 

TYPE NO. min 

2N3066 

2N3067 

2N3068 

2N3069 

2N3070 

2N3071 

2N3365 

2N3366 

2N3367 

2N3368 

2N3369 

2N3370 

2N3436 

2N3437 

2N3438 

2N3452 

2N3453 

2N3454 

2N3455 

2N3456 

2N3457 

2N3458 

2N3459 

2N3460 

2N3967 

2N3967A 

2N3968 

2N3968A 

2N3969 

2N3969A 

2N4139 

2N4302 

2N4303 

2N4304 

50 

50 

50 

50 

50 

50 

40 

40 

40 

40 

40 

40 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

30 

30 

30 

30 

30 

30 

50 

30 

30 

30 

N-CHANNEL FIELD EFFECT TRANSISTORS - GENERAL PURPOSE 

IGSS 

16 ss @ 150°C 

nA µA 

max max 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

5.o 1.0(1 oo•c) 

5.o 1.0(1 oo•c> 

5.o 1.0(1 oo•c) 

5.o 1.5(1 oo·c> 

5.o 1.5(1 oo•ci 

5.o 1.5(1 oo•ci 

0.5 1.0 

0.5 1.0 

0.5 1.0 

0.1 

0.1 

0.1 

0.04 

0.04 

0.04 

0.25 

0.25 

0.25 

0.1 

0.1 

0.1 

0.1 

0.4 

0.4 

0.4 

0.15 

0.15 

0.15 

0.5 

0.5 

0.5 

0.2 

0.2 

0.2 

0.2 

loss 
mA 

min max 

0.8 4.0 

0.2 1.0 

0.05 0.25 

2.0 10.0 

0.5 2.5 

0.1 0.6 

0.8 4.0 

0.2 1.0 

0.05 0.25 

2.0 12.0 

0.5 2.5 

0.1 0.6 

3.0 15.0 

0.8 4.0 

0.2 1.0 

0.8 4.0 

0.2 1.0 

0.05 0.25 

0.8 4.0 

0.2 1.0 

0.05 0.25 

3.0 15.0 

0.8 4.0 

0.2 1.0 

2.5 10.0 

2.5 10.0 

1.0 

1.0 

5.0 

5.0 

0.1 0.2 0.4 2.0 

0.1 0.2 0.4 2.0 

1.0 1.0 8.0 11.0 

1.0 0.1 (85°C) 0.5 5.0 

1.0 0.1 (85°C) 4.0 1 o.o 

1.0 0.1(85°C) 5.0 15.0 

gm 

µmhos 

min max 

400 1000 

300 1000 

200 1000 

1000 2500 

750 2500 

500 2500 

400 2000 

250 1000 

100 1000 

1000 4000 

600 2500 

300 2500 

2500 10K 

1500 6000 

800 4500 

200 1200 

150 900 

100 600 

400 1200 

300 900 

150 600 

2500 10K 

1500 6000 

800 4500 

1600 2400 

1600 2400 

1400 2000 

1400 2000 

950 1450 

950 1450 

3500 7000 

1000 

2000 

1000 

22 

max 

10.0 

5.0 

2.5 

10.0 

5.0 

2.5 

12.0 

7.0 

2.5 

12.0 

7.0 

3.5 

10.0 

5.0 

2.5 

10.0 

5.0 

2.5 

10.0 

5.0 

2.5 

8.0 

4.0 

2.0 

5.0 

5.0 

3.0 

3.0 

1.7 

1.7 

8.0 

4.0 

6.0 

10.0 

crss. or 

COG 

pf 

max 

1.5 

1.5 

1.5 

2.5 

2.5 

2.5 

2.0 

2.0 

2.0 

3.5 

3.5 

3.5 

5.0 

5.0 

5.0 

1.2 

1.2 

1.2 

1.0 

1.0 

1.0 

5.0 

5.0 

5.0 

5.0 

3.0* 

3.0* 

3.0* 

max 

3.0 

3.0 

3.0 

5.0 

5.0 

5.0 

3.0 

3.0 

3.0 

6.0 

6.0 

6.0 

5.0 

5.0 

5.0 

1.8 

1.8 

1.8 

1.5 

1.5 

1.5 

5.0 

5.0 

5.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

5.0 

NF 
10 Hz PACKAGE 

max TYPE BASE 

4.0 

4.0 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

4.0 T0-18 

T0-18 

2.0 R0-978 

2.0 R0-978 

3.0 R0-978 

3L 
3L 

3L 
3L 

3L 
3L 
3L 

3L 

3L 
3L 
3L 

3L 

3L 
3L 

3L 
4L 
4L 
4L 
4L 
4L 
4L 
3L 

3L 
3L 
4L 
4L 
4L 
4L 
4L 
4L 
3L 

3L 
3L 
3L 



TYPE NO. 

2N2499 

2N2841 

2N2842 

2N2843 

2N3329 

2N3330 

2N3331 

2N3376 

2N3380 

2N3382 

P1027 

P1028 

P1029 

TYPE NO. 

2N4302 

2N4303 

2N4304 

min 

20 

30 

30 

30 

20 

20 

20 

30 

30 

30 

30 

30 

30 

min 

30 

30 

30 

BVoGO 
v 

TYPE NO. min 

2N3823 

2N4223 

2N4224 

2N5078 

30 

30 

30 

30 

IGss 

nA 

max 

10.0 

1.0 

3.0 

10.0 

10.0 

10.0 

10.0 

3.0 

3.0 

15.0 

3.0 

3.0 

3.0 

IGSS 

15o•c 

µ.A 

max 

10.0 

1.0 

3.0 

10.0 

10.0 

10.0 

10.0 

3.0 

3.0 

15.0 

6.0 

6.0 

6.0 

GENERAL PURPOSE - P CHANNEL 

min 

5.0 

.025 

.065 

.2 

1.0 

2.0 

5.0 

0.6 

3.0 

3.0 

0.6 

2.0 

5.0 

loss 
mA 

max 

15.0 

.125 

.325 

1.0 

3.0 

6.0 

15.0 

6.0 

20.0 

30.0 

6.0 

20.0 

50.0 

gm 

µ.mhos 

min max 

2000 4000 

60 

180 

540 

1000 2000 

1500 3000 

2000 4000 

800 2300 

1500 3000 

4500 12500 

750 3500 

2500 8000 

5000 

EPOXY ENCASED - N CHANNEL 

max 

8.0 

1.7 

1.7 

1.7 

5.0 

6.0 

8.0 

5.0 

9.5 

5.0 

3.0 

5.0 

8.0 

loss 
mA 

gm 

µ.mhos 

min 

crss 'gos 

max min 

0.5 

4.0 

5.0 

max 

5 

10 

15 

1000 

2000 

1000 

max 

4 

6 

10 

pf µ.mhos 

max 

3 

3 

3 

max 

50 

50 

50 

HIGH FREQUENCY - N CHANNEL 

IGSS 

IGSS @ 150• loss 
nA µ.A mA 

max max min max 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

4 20 

3 18 

2 20 

4 25 

yfs 

µ.mhos 

min max 

3500 6500 

3000 7000 

2000 7500 

4500 10000 

23 

max max max 

8 

8 

8 

8 

2 

2 

2 

2 

2 

2 

2 

2 

max 

32 

6 

10 

17 

20 

20 

20 

5 

5 

16 

20 

30 

50 

NF 

db 

max 

2 

2 

3 

Power Gain 

PACKAGE 

TYPE BASE 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

3L 

3L 

3L 

3L 

4L 
4L 
4L 
4L 
4L 
4L 
3L 

3L 

3L 

PACKAGE 

TYPE 

R0-97B 

R0-97B 

R0-97B 

BASE 

3L 

3L 

3L 

@ f = 200 MHz PACKAGE 

db min TYPE BASE 

10 

15 

T0-18 

T0-18 

T0-18 

T0-18 

4L 
4L 
4L 
4L 



TYPE NO. 

2N3452 

2N3453 

2N3454 

2N3455 

2N3456 

2N3457 

2N3967 

2N3967A 

2N3968 

2N3968A 

2N3969 

2N3969A 

U1277 

U1278 

U1279 

U1280 

U1285 

U1325 

2N3436 

2N3437 

2N3438 

2N3458 

2N3459 

2N3460 

2N4139 

U1281 

U1282 

U1283 

U1284 

U1286 

min 

50 

50 

50 

50 

50 

50 

30 

30 

30 

30 

30 

30 

50 

50 

50 

50 

30 

30 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

30 

IGSS 

IGss at 150°C 

nA µA 
max max 

0.1 

0.1 

0.1 

0.04 

0.04 

0.04 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

5.0 

0.1 

0.5 

0.5 

0.5 

0.25 

0.25 

0.25 

1.0 

0.5 

0.5 

0.5 

0.5 

10.0 

0.4 

0.4 

0.4 

0.15 

0.15 

0.15 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

1.0 

1.0 

1.0 

0.5 

0.5 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

LOW CAPACITANCE - N CHANNEL 

loss 
mA 

min max 

0.8 4.0 

0.2 1.0 

0.05 0.25 

0.8 4.0 

0.2 1.0 

0.05 0.25 

2.5 10.0 

2.5 10.0 

1.0 5.0 

1.0 5.0 

0.4 2.0 

0.4 2.0 

1.5 8.0 

0.5 3.0 

0.2 1.5 

0.1 10.0 

0.1 

0.1 0.5 

9m 
µmhos 

min 

200 

150 

100 

400 

300 

150 

1600 

1600 

1400 

1400 

950 

950 

max 

1200 

900 

600 

1200 

900 

600 

2400 

2400 

2000 

2000 

1450 

1450 

max 

10.0 

5.0 

2.5 

10.0 

5.0 

2.5 

5.0 

5.0 

3.0 

3.0 

1.7 

1.7 

450 @ 1 .5 mA 8.0 

350 @ 0.5 mA 4.5 

250 @ 0.2 mA 2.5 

250 10.0 

200 1200 8.0 

500 1.2 

HIGH GAIN - N CHANNEL 

3.0 15.0 

0.8 4.0 

0.2 1.0 

3.0 15.0 

0.8 4.0 

0.2 1.0 

8.0 11.0 

8.0 

4.0 20.0 

1.0 10.0 

0.2 40.0 

0.2 

2500 

1500 

800 

2500 

1500 

800 

3500 

3000 

2500 

1500 

1000 

1000 

24 

10000 

6000 

4500 

10000 

6000 

4500 

7000 

1000 

10.0 

5.0 

2.5 

8.0 

4.0 

2.0 

8.0 

8.0 

4.5 

2.5 

10.0 

8.0 

max 

1.2 

1.2 

1.2 

1.0 

1.0 

1.0 

1.2 

1.2 

1.2 

1.2 

2.0 

1.3 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

8.0 

NF 
CsG 10 Hz 

pf db 

max max 

1.8 

1.8 

1.8 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.8 

1.8 

1.8 

1.8 

3.0 

1.5 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

8.0 

4 

4 

4 

PACKAGE 

TYPE BASE 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 
4L 

3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 



( 
IGss 

BVoGO 

v 
IGSS @ 150°C 

TYPE NO. 

2N4881 

2N4882 

2N4883 

2N4884 

2N4885 

2N4886 

2N5277 

2N5278 

U1715 

U1714 

nA µA 

min 

300 

300 

200 

200 

125 

125 

150 

150 

200 

25 

max 

2 

2 

5 

5 

5 

.005 

BVDGO BVsGO Ron 
v v n 

max 

4 

4 

2 

2 

2 

2 

5 

5 

TYPE NO. min min max 

2N3966 

2N3970 

2N3971 

2N3972 

2N4091 

2N4092 

2N4093 

2N4391 

2N4392 

2N4393 

2N4977 

2N4978 

2N4979 

2N5018 

2N5019 

30 

40 

40 

40 

40 

40 

40 

40 

40 

40 

30 

30 

30 

30 

30 

30 

40 

40 

40 

40 

40 

40 

40 

40 

40 

30 

30 

30 

30 

30 

220 

30 

60 

100 

30 

50 

80 

30 

60 

100 

15 

20 

40 

75 

150 

min 

2.0 

50.0 

25.0 

5.0 

30.0 

15.0 

8.0 

50.0 

25.0 

5.0 

50.0 

15.0 

7.5 

10.0 

5.0 

HIGH VOLTAGE-N CHANNEL 

loss 
mA 

min max 

0.4 2.0 

1.5 7.5 

0.4 2.0 

1.5 7.5 

0.4 2.0 

1.5 7.5 

2.5 12.5 

10.0 25.0 

10.0 50.0 

gm 
µmhos 

min max 

350 1000 

600 1500 

350 1000 

600 1500 

350 1000 

600 1500 

2000 5000 

3000 6000 

RoN = 40012 max 

max 

15 

15 

10 

10 

10 

10 

7.0 

10 

15 

CoG 

pf 

max 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

5.0 

5.0 

4.0 

max 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

5.0 

5.0 

4.0 

ULTRA LOW LEAKAGE - N CHANNEL 

0.5 5.0 400 

loss 

mA 

LOW Ron - N CHANNEL 

ID(off) 

nA 

max max max max 

150 

75 

30 

150 

75 

30 

0.1 

0.25 

0.25 

0.25 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.5 

0.5 

0.5 

1.0 

0.25 

0.25 

0.25 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.5 

0.5 

0.5 

6 

10 

5 

3 

10 

7 

5 

10 

5 

3 

10 

8 

5 

LOW Ron - P CHANNEL 

2.0 

2.0 

10.0 

10.0 

25 

10 

5 

C;, 

pf 

5 1.2 

t, 

nSec 

1.2 

to ff 
nSec 

max max max max 

6 

16 

16 

16 

16 

16 

16 

14 

14 

14 

35 

35 

35 

45 

45 

20 

10 

15 

40 

15 

15 

20 

5 

5 

10 

15 

15 

100 

15 

15 

40 

10 

20 

40 

5 

5 

5 

5 

10 

30 

20 

75 

100 

60 

60 

100 

40 

60 

80 

20 

35 

50 

20 

40 

60 

50 

100 

PACKAGE 

TYPE BASE 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-5 

T0-18 

3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 

3L 

PACKAGE 

TYPE BASE 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

T0-18 

4L 

3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 
3L 

3L 
3L 



Type No. 

2N606 

2N607 

2N2608 

2N2609 

max 

-30 

-30 

-30 

-30 

IGSS 

na 

max 

1.0 

3.0 

10 

30 

9m 
µmhos 

TYPE NO. min max min 

2N3921 50 3 1500 

2N3922 50 3 1500 

2N3934 50 3 300 

2N3935 50 3 300 

2N4082 50 3 300 

2N4083 50 3 300 

2N4084 50 3 1500 

2N4085 50 3 1500 

SU2078 50 4 300 

SU2079 50 4 300 

SU2080 50 4 1500 

SU2081 50 4 1500 

SU2098 30 4 1000 

SU2099 30 4 1000 

IGSS 

at 150°C 

mA 

max 

1.0 

3.0 

10 

30 

SMALL SIGNAL - P CHANNEL 

min 

-0.1 

-0.3 

-0.9 

-2.0 

loss 
mA 

max 

- 0.5 

- 1.5 

- 4.5 

-10 

9m 
µmhos 

min 

110 

330 

1000 

2500 

NF 

db 

max 

3.0 

3.0 

3.0 

3.0 

max 

4.0 

4.0 

4.0 

4.0 

CoG CsG 
pf pf PACKAGE 

max max max TYPE BASE 

6.0 

17 

17 

30 

T0-18 3L 

T0-18 3L 

T0-18 3L 

T0-18 3L 

FIELD EFFECT TRANSISTORS - DUAL ASSEMBLIES 

min 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

0.9 

0.9 

0.9 

0.9 

0.95 

0.95 

loss 
mA 

min max 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

10 

10 

1.3 

1.3 

1.3 

1.3 

10 

10 

2 

2 

10 

10 

8 

8 

AVGS(l-2) 

VGS(l-2) AT 

mV µV/°C 

max max 

5 

5 

5 

5 

15 

15 

15 

15 

15 

15 

15 

15 

5 

5 

26 

10 

25 

10 

25 

10 

25 

10 

25 

35 

60 

35 

60 

10 

25 

max 

IG 

100°c 

nA 

max 

0.25 25 

0.25 25 

0.1 10 

0.1 10 

0.1 10 

0.1 10 

0.25 25 

0.25 25 

0.25 25 

0.25 25 

0.5 50 

0.5 50 

0.1 10 

0.1 10 

max REMARKS 

PACKAGE 

TYPE BASE 

18 Matched Pair T0-18 

18 Matched Pair T0-18 

7 Matched Pair T0-18 

7 Matched Pair T0-18 

7 Matched Pair T0-18 

7 Matched Pair T0-18 

18 Matched Pair T0-18 

18 Matched Pair T0-18 

7 Matched Pair T0-18 

7 Matched Pair T0-18 

18 Matched Pair T0-18 

18 Matched Pair T0-18 

7 Matched Pair T0-18 

7 Matched Pair T0-18 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 

6L 



( 

2404BG 

2405BG 

2709BG 

2809BG 

2802BG 

2803BG 

FET INPUT OPERATIONAL AMPLIFIERS 

These circuits have been designed for use in active filter and high 

input impedance, low power, and high voltage applications. 

Power < 55 mW (2404) 

Power < 110 mW (2405) 

Vee= ±15 V (2404) 

Vee= ±30 V (2405) 

Eout > ±10 V (2404) 

Eout > ±20 V (2405) 

loFF < 100 pA 

ZIN> 101og 

-55°Cto +125°C 

T0-8 (12 Leads) 

Vee= ±15 V 

ZIN> 10 KMil 

loFF < 100 pA 

Eout > ±10 V 

CMR > ±8V 

-55°C to + 125°C 

T0-8 (12 Leads) 

5 +Vr.c 

VOLTAGE REGULATORS 

These circuits have been designed for use in power supply systems 

where a high degree of load and line regulation is required. 

Output Range = 5 V to 40 V 

Load Current > 100 mA 

Load Regulation< 0.1% 

Line Regulation < 0.01 % IV 

Temperature Stability< 0.5% 

Ripple Rejection > -60 db 

Output Impedance < 1.on 

-55°C to +125°C 

T0-8 (12 Leads) 
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2001BE 

2107BE 

211 QBE 

2114BF 

2126BG 

HIGH VOLTAGE/CURRENT DRIVER 

This circuit has been designed for use in latching 

relay, lamp, core, and line driver applications. 

V0L < 350 mV 

IL> 250 mA 

LVcrn > 40V 

Vcc=+SV 

-ss•c to +12s 0 c J J T0-5 (1 O Leads) 
Vee 

FET ANALOG SWITCHES 

These circuits have been designed for use in multiplexing, 

sample and hold, and chopper applications. 

R0 N < son (211 O) 

R0 N < 10Q!J (2107) 

lo[off) < 1.0 nA 

LVcrn > 40 V 

-ss•c to +12s0 c 

T0-5 (6 Leads) 

R0 N < 100!J 

lo[off) < 1.0 nA 

t00 and t011 < 0.9 µSec 

Eout = ±9 V 

-ss•c to +12s 0 c 

T0-8 (12 Leads) 

R0 N < 65!J 

lo[off) < 1.0 nA 

t 0 N and toFF < 1.5 µSec 

Eout = ±8 V 

-ss•c to +12s0 c 

T0-8 (12 Leads) 

c, ~f~----------

L-----------..... -----<'> 

+15V 

+15V 

28 



( 
2128BG 

( 

R0 N <son 
ID(off) < 1.0 nA 

t0N and toFF < 1.0 µSec 

Eout= ±SV 

-55°C to + 125°C 

T0-8 (16 Leads) 

FET ANALOG SWITCHES (cont.) 

13 -Vr:r: 13 -Vr:r: 

13 -Vee 

12.251( 

10.SK 

1.44K 
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HIGH NOISE IMMUNITY LOGIC (HNIL) 

SERIES 300 

PART NO. 

301 

302 

311 

312 

321 

322 

323 

331 

341 

342 

370 

CIRCUIT DESCRIPTION 

Dual 5 Input Buffer with 

Expanders-Active Pull-Up 

Quad 2 Input Buffer with 

Open Collector "OR" able 

Output 

Master Slave Flip-Flop 

Dual J-K Flip-Flop 

Quad 2 Input Gate with 

Expanders 

Dual 5 Input.Gate with 

Expanders 

Quad 2 Input "OR" able 

Gate with Expanders 

Dual 5 Input Expander 

with Node Resistors 

Dual Exclusive-OR with 

Expanders 

Dual One-Shot with 

Expandable Trigger 

Quad "D" Flip-Flop 

Available in B and C grade in 16 lead T0-8 package 

Available in C grade in 16 lead dual-in package 

Noise 

Immunity 

PART NO. Circuit Description Volts 

361 Dual Input Interface Circuit 5c1i 

with inverting and non-

inverting inputs 

362 Dual Output Interface 5c1J 

Circuit-Current sink 

and current drive inputs 

and inverting non-

inverting options 

Noise 

Immunity 

Volts 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

Fanout 

36 

36 

5 

5 

5 

5 

5 

5 

5 

5 

INTERFACE CIRCUITS 

Input Output 

Range Drive 

Volts mA 

15 5 

15 3 

The 361 buffer and 362 receiver are compatible with all low level logic forms. They perform the 

level shifting function necessary for operation with 300 series logic or high level 1/0 equipment. 

(1JNoise immunity with a 362 driving a 361. 

Available in B and C Grade in G and H Package. 

Available in C Grade in J Package. 

30 

tpd 

nsec 

80 

80 

120 

120 

80 

80 

100 

40 

75 

100 

100 

Output 

Sink 

mA 

10 

10 

Vee 
Volts 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

tpd 
nsec 

50 

40 

:mo 

160 

180 

280 

96 

48 

80 

72 

100 

190 

Poiss 
mW 

60 

75 



( . 

( 

TTL 500 SERIES 
Operating Temperature -55°C to +125°C 

Operating Voltage 4.0 to 5.5 Volts 

Low Power Medium Power 

tpd FAN PD tpd FAN PD 

PRODUCT DESCRIPTION P/N nsec OUT mW/gate P/N nsec OUT mW/gate 

Dual 4 Input Gate" 500 180 6 0.5 530 75 6 1.5 

Quad 2 Input Gate" 501 180 6 0.5 531 75 6 1.5 

Triple 3 Input Gate" 503 180 6 0.5 533 75 6 1.5 

Dual 4 Input Gate• 504 140 6 0.7 534 60 7 2.0 

Quad 2 Input Gate• 505 140 6 0.7 535 60 7 2.0 

Triple 3 Input Gate• 507 140 6 0..7 537 60 7 2.0 

Dual 4 NANO/NOR Gatet 508 200 6 1.4 538 100 7 3.8 

JK Flip Flop 509 550 9 4.0 539 140 8 12.0 

Dual 4 Input Buffer*" 540 70 17 6.0 

Dual 4 Input Buffer*• 541 70 17 4.5 

Dual 4 Input Gate*" 543 85 7 1.5 

Dual 4 Input Power Gate*• 544 75 7 2.0 

Dual 4 Input Pwr Gate & Lamp Dr." 547 60 45 7.5 

Dual 4 Input Pwr Gate & Lamp Dr.• 548 60 45 6.2 

Dual 4 Input Buffer* 

Dual 4 Input Gate* 

Dual 3 Input Gate* 

Dual 3 Input Gate 

Dual 4 Input Gate 

JF Flip Flop 

Dual 4 Input Gate* 

Dual 3 Input Gate* 

Dual 3 Input Gate 

JK Flip Flop 

Low Power Medium Speed 

Operating Temperature -55°C to + 125°C Voltage 4.5 to 5.5 Volts 

The Following Low Power TTL Family is pin to pin interchangeable 

and functionally equivalent in both speed and power with 9040 logic elements. 

510 120 10 6mW 

511 60 10 3mW 

513 60 10 3mW 

512 60 10 3mW 

Low Power Low Speed 

Operating Temperature -55°C to +125°C Voltage 4.5 to 5.5 Volts 

When power consumption is the prime consideration the following 

Ultra Low Power TTL should be utilized. 

526BH 1.5 µsec 8 250 µW 

527BH 1.5 µsec 8 250 µW 

528BH 1.5 µsec 8 250 µW 

529BH 2.5 µsec 8 1.0 mW 

31 

P/N 

570 

571 

573 

574 

575 

577 

578 

579 

583 

584 

580 

587 

High Power 

tpd FAN PD 

nsec OUT mW/gate 

25 7 4.1 

25 7 4.1 

25 7 4.1 

25 7 5.0 

25 7 5.0 

25 7 5.0 

35 7 8.9 

65 18 24.0 

30 7 4.1 

30 7 5.0 

45 33 17.0 

55 36 13.0 

"No Pull Up Resistor 

•With Pull Up Resistor 

tWith Inverter 

*With Expander 



Power 

Supply 

TYPE NO. ± V cc 

709A 

7098 

800/8018 

8058 

8068 

8078 

BOSA 
BOBB 
8098 

8198 

24048 

24058 

27098 

28098 

709C 

805C 

806C 

808C 

809C 

2709C 

2809C 

±15 

±15 

±12 

±15 

±12 

±15 

±15 

±15 

±15 

±6 

±15 

±30 

±15 

±15 

±15 

±15 

±12 

±15 

±15 

±15 

±15 

MILITARY GRADE OPERATIONAL AMPLIFIERS 
Operating Temperature Range -55'C to +125'C 

AvOL 

kV/V 

min typ 

Vos 

mV 
typ max 

Vos 

-TA to +TA 

mV 

Vos 

Drift 

µV/°C 

typ max 

IBIAS 

nA 

(BIAS 

(Note 2) )OFF 

nA 

)OFF 

(Note 2) 

nA nA 

typ max typ max typ max typ max typ max 

25 45 0.5 1.0 

25 45 1.0 5.0 

10 20 5.0 50 

30 60 1.0 5.0 

30 60 1.0 5.0 

30 60 0.1 2.5 

25 40 1.0 5.0 

25 40 1.0 10 

10 40 5.0 10 

5 10 5.0 

31 100 3.0 

31 100 3.0 

17 45 3.0 

10 30 5.0 

10 

10 

10 

15 

15 

1.0 2.0 

2.0 6.0 

10.0 

2.0 7.0 

2.0 7.0 

3.0 10 100 200 250 

3.0 200 500 500 

25.0 50 500 1000 1500 

5.0 20 250 500 750 

5.0 20 250 500 750 

1.0 3.0 3.0 10 250 500 750 

2.0 5.0 10 25 50 75 

2.0 10.0 30 50 50 100 

7.0 10.0 50 300 500 600 

7.0 

5.0 

5.0 

4.0 

8.0 

70.0 100 300 

5.0 25 0.02 

5.0 25 0.02 

15 0.02 

25 0.02 

500 1000 

15 

15 

0.1 10 

0.1 10 

INDUSTRIAL GRADE OPERATIONAL AMPLIFIERS 

15 45 2.0 

10 60 3.0 

10 60 3.0 

15 40 2.0 

10 40 5.0 

17 45 3.0 

10 30 5.0 

7.5 

10 

10 

10 

10 

25 

25 

Operating Temperature Range O'C to lOO'C 

2.0 

5.0 

5.0 

5.0 

8.0 

4.0 

8.0 

10 

5 

5 

4 

10 

15 

25 

30 

30 

14 

50 

300 1500 500 

250 1000 750 

250 1000 750 

25 75 50 

500 1000 1000 

.02 

.02 

30 

30 

750 

1500 

1500 

1500 

10 

50 

50 

10 

10 

1500 10 

250 3 

250 5 

1500 50 

50 50 250 

200 100 500 

100 100 

50 25 250 

50 25 250 

50 

15 

30 

100 

25 250 

10 

10 

50 

50 100 

40 .002 

50 

5 

5 40 .002 

.005 0.1 

.005 0.1 

2000 100 

30 

300 

150 5 

50 

.01 

.01 

500 

100 

100 

40 

5 

5 

200 

50 

500 

10 

100 

9 

9 

750 

100 

Note 1: 5 sec. maximum duration. 

Note 2: At operating temperature extreme. 
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IOFF 

Drif.t 

nA/°C 

typ max 

1.0 

1.0 

1.0 

0.1 

0.1 

0.1 

0.03 

0.1 

1.0 

1.0 

0.02 

O.Q2 

0.02 

0.02 

1.0 

0.1 

0.1 

0.1 

1.0 

0.02 

0.02 

3.3 

5.0 

1.0 

0.5 

0.5 

0.15 

0.3 

3.0 

3.0 

0.09 

0.09 

2.0 

2.0 

0.3 

ZIN 

KU 

typ min 

400 350 

400 150 

1000 250 

1000 500 

1000 500 

1000 500 

2000 1000 

2000 1000 

200 100 

200 50 

108 107 

108 107 

108 107 

108 107 

250 50 

1000 100 

1000 100 

750 2000 

200 50 

10' 107 

108 107 

ZIN 

(Note 2) CMR 

KU Volts 

typ min typ min 

100 40 ±10 

100 40 ±10 

100 

500 200 ± 9 

500 200 ± 7 

750 300 ± 9 

1000 ± 9 

750 ± 9 

50 ±13 

20 ± 5 

107 ±10 

107 ±25 

107 ±10 

107 ±13 

100 35 ±10 

500 ± 9 

500 ± 7 

750 ± 9 

100 ±13 

107 ±10 

107 ±13 

± 8 

± 8 

± 2 

± 8 

± 6 

± 8 

± 8 

± 8 

±10 

± 4 

± 8 

±16 

± 8 

±10 

± 8 

± 8 

± 6 

± 8 

±10 

± 8 

±10 

CMRR PSRR 

DB DB 

typ min typ min 

90 

90 

80 

90 

90 

90 

90 

90 

90 

90 

90 

90 

80 

80 

90 

90 

90 

90 

90 

70 

70 

80 

70 

60 

70 

70 

80 

70 

70 

70 

70 

74 

74 

60 

60 

65 

70 

70 

70 

33 

92 

92 

80 

80 

80 

80 

80 

90 

90 

90 

90 

80 

80 

92 

!JO 
80 

80 

90 

70 

70 

80 

70 

70 

70 

70 

70 

70 

70 

60 

74 

74 

60 

60 

74 

70 

ZouT 
u 

typ max 

150 

150 

400 

150 

150 

150 

150 

150 

2500 

1500 

250 

250 

150 

2000 

150 

150 

150 

150 

2000 

150 

2000 

1000 

300 

300 

300 

300 

300 

300 

300 

300 

VOUT 

(Load) 
Po1ss 

No Load Short 

vPP 

typ 

mW Circuit 

min typ 

26 20 80 
(2 K) 

26 20 80 
(2 K) 

10 120 
(1 K) 

24 20 180 
(1 K) 

18 12 120 
(1 K) 

24 20 180 
(1 K) 

24 20 180 
(1 K) 

24 20 180 
(1 K) 

24 20 100 
(5 K) 

10 8 15 
(5 K) 

22 20 40 
(10 K) 

50 40 80 
(10 K) 

26 20 90 
(10 K) 

24 20 100 
(5 K) 

26 20 80 
(2 K) 

24 20 180 
(1 K) 

18 15 120 
(1 K) 

24 20 180 
(1 K) 

24 20 80 
(5 K) 

26 20 90 
(2 K) 

24 20 100 
(5 K) 

max Protected PKG 

108 

165 

225 

160 

225 

225 

225 

150 

25 

55 

110 

180 

180 

200 

225 

160 

225 

Note 1 E, H 

Note 1 E, H 

Yes E 

Yes E,H 

Yes E 

Yes E, H 

Yes E 

Yes E 

Yes E, H 

Yes E, H 

Yes G 

Yes G 

Note 1 G 

Yes G 

Note 1 E 

Yes E 

Yes E 

Yes E 

Yes E, J 

Note 1 G 

Yes G 



OTHER LINEAR CIRCUITS 

DIFFERENTIAL AMPLIFIERS 

Part No. Description 

831 Two Stage Differential Amplifier 

Voltage 

Gain 

2000 

Available in A, B and C Grades, E and H packages. 

HIGH FREQUENCY AMPLIFIERS 

Voltage 

Circuit Gain 

Part No. Description db 

901 Video Amplifier 24 

903 VHF Amplifier 15 

911 IF Amplifier 20 

The 901 and 903. are available in B and C Grade and E Package. 

The 911 is available in B and C Grade, E and J Package. 

Input 

Offset 

mV 

2.5 

CMRR 

db 

-100 

Band-

Width 

MHz 

60 

110 

250 

DEFINITION OF TERMS 

!BIAS 

CMR 

CMRR 

Input Offset Voltage-That voltage which 

must be applied between the input terminals 

to obtain zero output voltage. The input offset 

voltage may also be defined for the case 

where two equal resistances are inserted in 

series with the input leads. 

Input Offset Current-The difference in the 

currents into the two input terminals with 

the output at zero volts. 

Input Resistance - The resistance looking 

into either input terminal with the other 

grounded. 

Input Bias Current-The average of the two 

input currents. 

Common Mode Range-The range of volt­

age which, if exceeded on either input ter­

minal, could cause the amplifier to cease 

functioning properly. 

Common Mode Rejection Ratio-The ratio 

of the input voltage range to the maximum 

change in input offset voltage over this 

range. 

PSRR 

Avo1 

vou! 

34 

40 

Drift 

µV!°C 

2.0 

Power 

Gain db 

at 200 MHz 

25 

BW 

-3db 

kHz 

400 

Dissi-

pation 

mW 

144 

96 

170 

Dissi­

pation 

mW 

100 

Power 

Supply 

±12V 

Power 

Supply 

Voltage 

+12 

+12 - 6 

+24 

Power Supply Refection Ratio-The ratio of 

the change in input offset voltage to the 

change in supply voltage producing it. 

Large-Signal Voltage Gain-The ratio of the 

maximum output voltage swing with load to 

the change in input voltage required to drive 

the output from zero to this voltage. 

Output Voltage Swing - The peak output 

swing, referred to zero, that can be obtained 

without clipping. 

Output Resistance-The resistance seen 

looking into the output terminal with the out­

put at null. This parameter is defined only 

under small signal conditions at frequencies 

above a few hundred cycles to eliminate 

the influence of drift and thermal feedback. 

Power Consumption - The DC power re­

quired to operate the amplifier with the out­

put at zero and with no load current. 



PRODUCT DESCRIPTION 

16 Bit Ripple Counter 

Rev. Binary/Decade Counter 

Dual Decade Counter 

16 Bit Ripple Counter 

Dual Decade Decoder 

Dual 4 Bit Counter 

Dual 12 Bit Shift Reg 

Dual 10 Bit Shift Reg 

Dual 8 Bit Shift Reg 

Rev. Binary/Decade Counter 

Dual Decade Counter 

16 Bit Ripple Counter 

Dual Decade Counter 

Dual Decade Decoder 

Dual 4 Bit Counter 

Rev. Binary/Decade Counter 

Dual Decade Counter 

16 Bit Ripple Counter 

Dual Decade Decoder 

Dual Decade Decoder 

Dual 4 Bit Counter 

20 Bit Shift Register 

16 Bit Shift Register 

8 Channel Binary Multiplexer 

8 Channel Binary Multiplexer 

12 Channel Multiplexed 

12 Channel Multiplexer 

RF Power Amplifier 

P/N 

5598 

5603 

5604 

5605 

5606 

5608 

5620 

5621 

5622 

5623 

5624 

5625 

5626 

5627 

5628 

5643 

5644 

5645 

5646 

5647 

5648 

P/N 

5551 

5552 

5660 

5661 

5662 

5663 

A/N 

5670 

MICROELECTRONIC MODULAR ASSEMBLIES 

Electrical Characteristics Vee, = 5 Volts 

Power 

Level 

Low 

Low 

Low 

Low 

Low 

Low 

Med 

Med 

Med 

Med 

Med 

Med 

Med 

Med 

Med 

High 

High 

High 

High 

High 

High 

Power 

Level 

Med 

Med 

Med 

Med 

Med 

Med 

Power 

Level 

Vee 

mA 

Max 

50 

14 

25 

36 

10 

25 

110 

90 

75 

36 

75 

110 

25 

30 

75 

72 

120 

180 

50 

180 

120 

5 

5 

12 

15 

12 

15 

MHz 

500 

35 

fe 

MHz 

Max 

5.0 

0.2 

0.2 

0.3 

0.2 

1.0 

1.0 

1.0 

1.0 

1.0 

1.5 

1.0 

3.0 

3.0 

5.0 

3.0 

60.0 

60.0 

50.0 

60.0 

75.0 

90.0 

vs 
Volt 

28.0 

td 

µsec 

Typ 

8.0 

10.0 

0.35 

2.4 

0.15 

0.15 

1.0 

0.085 

0.10 

Vee2 

7.0 

7.0 

-12 

-20 

-12 

-20 

VOL 

Volts 

Max 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

IOL 

mA 

Max 

1.20 

0.70 

0.70 

1.20 

0.70 

0.70 

1.50 

1.50 

1.50 

1.80 

2.80 

1.80 

2.80 

22.0 

2.80 

9.00 

9.00 

12.00 

7.50 

36.00 

9.00 

linl 

mA 

Max 

3.00 

1.00 

1.00 

0.35 

0.70 

1.00 

0.70 

0.70 

0.70 

6.50 

6.50 

1.80 

2.80 

2.80 

6.50 

11.00 

11.00 

3.00 

6.00 

6.00 

11.00 

30.0 0.35 1.5 1.0 

25.0 0.35 1.5 1.0 

50.0 ±5 

60.0 ±10 

75.0 ±5 

90.0 ±10 

0.6 

0.6 

0.6 

0.6 

PO Pl o/o 
Watt mW max min 

1.0 250 35 

vinl 

Volts 

Max 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

VinH 

Volts 

Min 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.2 

2.2 

2.2 

2.2 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 
Collector-Base Voltage VcBO 

2N760 
2N760A 

Collector-Emitter Voltage Vcw 
2N760 
2N760A 

Emitter-Base Voltage VEBO 
Total Device Dissipation Po 

@TA= 25•c 
@Tc= 25°C 
@Tc= 100°c 

Derating Factor above 25°C 
@TA=25°C 
@Tc= 25°C 

RATING 

45 
60 

45 
60 
8.0 

0.5 
1.5 
0.86 

2.5 
8.5 

UNIT 

Volts 

Volts 

Volts 

Watts 

mW/°C 

JANUARY 1968 

2N760 

2N760A 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25"C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso 

2N760 le = 50 µA, IE = O 45 Volts 
2N760A 60 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 100 µA 8.0 Volts 

Collector-Emitter Sustaining Voltage VCEO!susl 
. 

2N760 le = 1.0 mA, 18 = 0 45 Volts 
2N760A 60 

Collector Saturation Voltage VcErsatl le = 10 mA, 18 = 1.0 mA 1.0 Volts 

Base Saturation Voltage VBE!sall le = 10 mA, 18 = 1.0 mA 0.6 1.1 Volts 

Collector-Base Cutoff Current lcso 
2N760 IE= 0, Vc8 = 30 V 200 nA 
2N760A 100 
2N760, 760A IE= o, Vcs = 30 v, TA= 150°c 10 µA 

Small Signal Current Gain hie le = 1.0 mA, v CE = 5.0 v 76 333 
f = 1.0 kHz 

Output Capacitance cob IE= 0, Vcs = 5.0 v 8.0 pf 
f = 140 kHz 

Voltage Feedback Ratio hrb le = 1.0 mA, v CB = 5.0 v 10 x10-• 
f = 1.0 kHz 

Alpha Cutoff Frequency fab IE= 1.0 mA, Vc8 = 5.0V 50 MHz 

* Pulse Test: Pulse Width = 300 µsec; Duty Cycle = 1 % . 

Printed in U.S.A. 1101 



MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 

2N929, 2N930 
2N929A, 2N930A, B 

Collector-Emitter Voltage 
Emitter-Base Voltage 

2N929, 2N930 
2N929A, 2N930A, B 

Collector Current 
Total Device Dissipation 

@TA=25°c 
@Tc=25°C 

Derating Factor above 25°C 
@TA= 25°C 
@Tc= 25°C 

SYMBOL 
Veao 

VeEO 

VEBO 

le 
PD 

RATING UNIT 

45 Volts 
60 
45 Volts 

5.0 Volts 
6.0 
30 mA 

0.3 Watt 
0.6 

2.0 mw;•c 
4.0 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Emitter Breakdown Voltage BVceo 

. le = 1 O mA, 18 = O 45 

Collector-Base Breakdown Voltage BVeao 
2N929A, 2N930A, B le= 10µA, le= O 60 

Collector-Emitter Sustaining Voltage Vceorsusl 
. le= 10 mA, 18 = O 45 

Emitter-Base Breakdown Voltage BVEBO 
2N929, 2N930 le = 10 µA, le = O 5.0 
2N929A, 2N930A, B 6.0 

Base-Emitter Voltage Vae· 
2N929, 2N930 le= 10 mA, 18 = 0.5 mA 0.6 
2N929A, 2N930A, B 0.7 

Collector Saturation Voltage Vcersatl 
2N929, 2N930 le·= 10 mA, 18 = 0.5 mA 
2N929A, 2N930A, B 

Collector-Base Cutoff Current lcao 
2N929, 2N930 V ca = 45 V, le = O 
2N929A,2N930A,B 

Collector-Emitter Cutoff Current Ices 
2N929, 2N930 Vee= 45 V, Vea= 0 
2N929A, 2N930A, B 
2N929, 2N930 VeE = 45 V, Vea= o, TA= 170°C 
2N929A, 2N930A, B 

Emitter-Base Cutoff Current (EBO 
2N929, 2N930 Vea = 5 V, le = O 
2N929A, 2N930A, B 

DC Pulse Current Gain hFE* 
2N929A Vee =5V, le= 1 µA 25 
2N930A, B 60 
2N929,A Vce=5V,le=10µA 40 
2N930,A,B 100 
2N929 Vee= 5 V, le= 10 µA 10 
2N929A TA= -55°c 15 
2N930 20 
2N930A, B 30 
2N929,A Vee= 5 V, le= 500 µA 60 
2N930,A,B 150 
2N929, A VCE = 5 v, le= 10 mA 
2N930,A, B 

Prlnted•4n U.S.A. 1102 

JANUARY 1968 

2N929, A 
2N930, A, B 

COl.LECTOR 19 INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

Volts 

Volts 

Volts 

1.0 Volts 
0.9 

1.0 Volts 
0.5 

10 nA 
2.0 

10 nA 
2.0 
10 µA 
2.0 

10 nA 
2.0 

120 
300 

350 
600 



( 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
High-Frequency Current Gain I h1. I 

2N929, 2N930 VcE = 5.0 V, le= 500 µA 
2N929A, 2N930A, B f = 30 MHz 

--
Small-Signal Current Gain h1. 

2N929,A VcE = 5.0 V, le= 1.0 mA 
2N930, A, B f = 1.0 kHz 

Output Capacitance cob V cs = 5.0 V, IE= 0, f = 1.0 MHz 
------· -·-·--

Voltage Feedback Ratio h,b Vc8 = 5.0 V, IE= 1.0 mA, f = 1.0 kHz 
--

Input Resistance h;b Vc8 = 5.0 V, IE= 1.0 mA, f = 1.0 kHz 

Output Conductance hob Vc8 = 5.0 V, IE= 1.0 mA, f = 1.0 kHz 

Noise Figure NF 
2N929,A VcE = 5.0 V, le= 10 µA, Rg = 10 k!l 
2N930,A, B BW = 10 Hz to 15.7 kHz 

2N930B VcE = 5.0 v, le= 10 µA, Rg = 10 k!l 
f = 1.0 kHz, BW = 200 Hz 

2N930B V CE = 5.0 V, le = 10 µA, Rg = 10 k!l 
f = 100 Hz, BW = 20 Hz 

2N930B VcE = 5.0 V, le= 10 µA, Rg = 10 k!l 
f = 10 Hz, BW = 5.0 Hz 

• Pulse Test: Pulse Width ~ 300 µsec; Duty Cycle :<:::; 2%. 

2N929 Collector Characteristics 
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0 
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MAX. UNIT 

350 
600 

8.0 pf 

600 x10-• 
32 Ohms 

1.0 µmhos 

4.0 db 
3.0 
3.0 

5.0 

6.0 

Typical Base Characteristics 

I 
J 

le··~::-H ,,,._ 
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Vii 
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V BE - Base Voltage - volts 

Collector Saturation Voltage 
Versus Collector Current 
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le Collector Current - mA 

Base Saturation Voltage 
vs. Collector Current 
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lc - Collector ~urrent - mA 
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Pulsed DC Current Gain Versus 
Collector Current 
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:,• tC>w•·····LE'l~t.·····AM·Pµ1F1er:i 
• HIGH CURRENT GAIN 

MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vceo 60 Volts 

Collector-Emitter Voltage VCEO 60 Volts 

Emitter-Base Voltage VEBO 6 Volts 

Collector Current le 50 mA 

Total Device Dissipation PD 
@TA= 25°c 0.36 Watts 
@Tc= 25°C 1.2 
@Tc= 100°c 0.68 

Derating Factor above 25°C 
@TA= 25°C 2.1 mW/°C 
@Tc= 25°C 6.9 

Storage Temperature T,19 -65 to +200 •c 

Junction Temperature TJ +200 ·c 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVceo le= 10 µA, IE= 0 60 

Emitter-Base Breakdown Voltage BVEBO IE = 1 O µA, le = O 6 

Collector-Emitter Sustaining Voltage VCEO!susl* le= 10 mA, le= 0 60 

Emitter-Base On Voltage VeEConl le = 100 µA, V CE = 5.0 V 0.5 

Base Saturation Voltage VeECsall le = 10 mA, le = 0.5 mA 

Collector Saturation Voltage VCE!sall le= 1.0 mA, le= 0.1 mA 
2N2484A le = 10 mA, le = 0.5 mA 

Collector-Base Cutoff Current lceo Vee= 45 V, IE= 0 
Vee= 45 v, IE= o, TA= 150°c 

Emitter-Base Cutoff Current IEBo VEe = 5.0 V, le= O 

DC Current Gain hFE 
2N2484, 84A le = 1.0 µA, V CE = 5.0 V 30 
2N2483 le = 10 µA, V CE = 5.0 V 40 
2N2484, 84A 100 
2N2483 le= 10 µA, VcE = 5.0 v, -55°C 10 
2N2484, 84A 20 
2N2483 le= 100 µA, VcE = 5.0 v 75 
2N2484, 84A 175 
2N2483 le= 500 µA, VcE = 5.0 v 100 
2N2484, 84A 200 
2N2483 le = 1.0 mA, v CE = 5.0 v 175 
2N2484, 84A 250 
2N2483 le= 10 mA, VcE = 5.0 V* 
2N2484, 84A 

High-Frequency Current Gain I h1e I 
2N2483 le= 50 µA, VcE = 5.0 V, f = 5.0 MHz 2.4 
2N2484, 84A 3.0 
All Types le= 500 µA, VcE = 5.0 V, f = 30MHz 2.0 

Small Signal Current Gain hie 
2N2483 le = 1.0 mA, VcE = 5.0 V, f = 1 kHz 80 
2N2484, 84A 150 

ff Output Capacitance cob Vee= 5.0 v, IE= 0, f = 140 kHz 
l'ii. 

' 

Printed in U.S.A. 1103 
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2N2483 
2N2484 

2N2484A 

COLLECTOR IS INTERNALLY CON NEC TEO TO CASE 

MAX. UNIT 
Volt~ 

Volts" 

Volts 

0.7 Volts 

1.0 Volts 

0.35 Volts 
1.0 

0.010 µA 
10 

0.010 µA 

120 
500 

500 
800 

450 
900 

6.0 pf 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Input Capacitance cib VEe = 0.5 V, le= 0, f = 140 kHz 6.0 pf 

Voltage Feedback Ratio h,e le = 1.0 mA, V CE = 5.0 V, f = 1 kHz 800 x10-• 
Input Resistance hie 

2N2483 le= 1 mA, VcE = 5 V, f = 1 kHz 1.5 13 K ohms 
2N2484,84A 3.5 24 

Output Conductance hoe 
2N2483 le= 1 mA, VcE = 5V,f=1 kHz 30 µmhos 
2N2484,84A 40 

Noise Figure NF 
2N2483 le= 10µA, VcE = 5.0V, Rs= 10 kn 4 db 
2N2484, 84A Power Bandwidth of 15. 7 kHz 3 

3 db points at 10 Hz and 10 kHz 
2N2483 le= 10 µA, VcE = 5.0 v, f = 1 kHz 4 
2N2484,84A Rs = 1 O k!l, Power Bandwidth = 200 Hz 3 
2N2483 le= 10µA, VcE = 5.0V, f = 10 kHz 3 
2N2484, 84A Rs = 10 kll, Power Bandwidth = 2 kHz 2 
2N2483 le= 10µA, VcE = 5.0V, f = 100 Hz 15 
2N2484 Rs = 10 kll, Power Bandwidth = 20 Hz Hl 
2N2484A 5 
2N2484A le= 10µA, VcE= 5.0V, f = 10 Hz 

Rs = 10 kll, Power Bandwidth = 5 Hz 
6 

* Pulse Test: Pulse Width :s; 300 µsec, Duty Cycle :s; 2% 

....,... AMELCO SEMICONDUCTOR • A TELEDYNE COMPANY • 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@TA= 25°C 
@Tc= 25°C 
@Tc= 100°c 

Derating Factor Above 25°C 
@TA= 25°C 

Storage Temperature 

Junction Temperature 

.. NE':N1···otRAN·s1si"be··. 
GENea~L.•········_·i=>u.RPO·SI: 

• Hlcnf. BREAKDOWN VOLTAGE 
•LOW NOISE 
• LOW LEAKAGE 

SYMBOL RATING UNIT 
2N2509 2N2510 2N2511 

Vcao 125 100 80 Volts 

Vcm 80 65 50 Volts 

VEBO 7.0 7.0 7.0 Volts 

Po 
0.36 Watts 
1.20 
0.68 

2.1 mW!°C 

T,+g -65 to +300 oc 

TJ +200 oc 

JANUARY 1968 

2N2509 
2N251Q 
2N2511 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso 

2N2511 le = 10 µA, IE = 0 80 Volts 
2N2510 100 
2N2509 125 

Emitter-Base Breakdown Voltage BVEBo le= 0, IE= 0.1 µA 7.0 Volts 

Collector-Emitter Sustaining Voltage VCEOlsusl 
. 

2N2511 le = 10 mA, 18 = 0 50 Volts 
2N2510 65 
2N2509 80 

Collector Saturation Voltage V CElsatl le = 5.0 mA, 18 = 0.5 mA 1.0 Volts 

Base Saturation Voltage V BEi sail le = 5.0 mA, 18 = 0.5 mA 0.9 Volts 

Collector-Base Cutoff Current lcso 
2N2511 IE= 0, Vc8 =100V 5.0 nA 
2N2510 IE=0,Vc8 =80V 5.0 
2N2509 IE = 0, V CB = 60 V 5.0 
2N2511 IE= O, Vc8 =100V, TA= 150°C 10 µA 
2N2510 IE= o, Vc8 = 80 V, TA= 150°C 10 
2N2509 IE= O, Vea= 60 V, TA= 150°C 10 

Emitter-Base Cutoff Current IEBO le= 0, VEB = 5.0V 2.0 nA 

DC Current Gain hFE 
2N2511 le = 1.0 µA, V CE = 5.0 V 80 
2N2511 le = 10 µA, V CE = 5.0 V 120 
2N2510 75 
2N2509 40 
2N2511 le = 10 µA, V CE = 5.0 V 40 
2N2510 TA= -55°C 25 
2N2511 le = 10 mA, v CE = 5.0 v 240 750 
2N2510 150 500 
2N2509 40 
2N2511 le = 10 mA, v CE = 5.0 v 100 
2N2510 TA= -55°C 60 
2N2509 20 

Printed in U.S.A. 1104 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
High Frequency Current Gain I hre I le = 5.0 mA, v CE = 10 v 

f = 30 MHz 

Output Capacitance cob IE = 0, V CB = 5.0 V 
f = 140 kHz 

Input Capacitance C;b le= 0, VBE = 0.5 V 
f = 140 kHz 

Noise Figure NF f = 1.0 kHz 
2N2511 Source resistance = 10 Kn 
2N2510 Equivalent noise power 
2N2509 bandwidth = 200 Hz 

le = 10 µA, V CE = 5.0 V 

* Pulse Test: Pulse. Width = 300 µsec; Duty Cycle= 1 %. 
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2N2511 Collector Characteristics 
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2N2586 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vceo 60 Volts 
Collector-Emitter Voltage Vern 45 Volts 
Emitter-Base Voltage VEeo 6.0 Volts 
Collector Current le 30 mA 
Total Device Dissipation Po 

@TA= 25°c 0.3 Watts 
@Tc= 25°c 0.6 

Storage Temperature T,19 -65 to +300 •c 

Junction Temperature TJ +175 •c 
Derating Factor above 25°C 

@TA=25°C 2.0 mW/°C 
@Tc= 25°c 4.0 COLLECTOR 19 INTERNALLY CC*MECTED TO CAS£ 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVceo le = 10 µA, IE= O 60 Volts 
Emitter-Base Breakdown Voltage BVEeo le = 0, IE = 10 µA 6.0 Volts 
Collector-Emitter Sustaining Voltage VCEOlsusl 

. le = 10 mA, le = 0 45 Volts 
Collector Saturation Voltage VcErsatl le = 10 mA, le = 0.5 mA 0.5 Volts 
Base Saturation Voltage VeErsatl le = 1 O mA, le = 0.5 mA 0.7 0.9 Volts 
Collector-Base Cutoff Current lcao IE= 0, Vee= 45V 2.0 nA 
Collector-Emitter Cutoff Current lceo 19 = 0, V CE = 5.0 V 2.0 nA 
Collector-Emitter Cutoff Current ICES VeE = 0, VcE = 45V 2.0 nA 

V8E = o, VcE = 45 v, TA= 110°c 10 µA 
Emitter-Base Cutoff Current IEBO le= O, VE8 = 5.0 V 2.0 nA 
DC Current Gain hFE le= 1.0µA, VcE = 5.0V 80 

le = 10 µA, V CE = 5.0 V 120 360 
le = 500 µA, V CE = 5.0 V 150 
le = 10 mA, v CE = 5.0 v 600 
le = 10 µA, V CE = 5.0 V 40 
TA= -55°C 

Small Signal Current Gain hie le = 1.0 mA, v CE = 5.0 v 150 600 
f = 1 kHz 

High Frequency Current Gain I hie I le= 0.5 mA, VcE = 5.0V 1.5 
f = 30 MHz 

Output Capacitance cob IE = 0, V ca = 5.0 V, f = 1 MHz 7.0 pf 
Input Resistance hie le = 1.0 mA, v CE = 5.0 v 

f = 1 kHz 
4.5 18 Kn 

Output Conductance hoe le = 1.0 mA, v CE = 5.0 v 
f = 1 kHz 

100 µmhos 

Low Frequency Noise Figure NF f = 1 kHz 3.0 db 
Source resistance= 10 kn 
le = 10 µA, V CE = 5.0 V 

f = 1 kHz 3.5 
Source resistance = 1 Mn 
le= 1.0 µA, VcE = 5;0V 

f= 10kHz 2.0 
Source resistance= 10 kn 
le= 10µA, VcE = 5;0V 

f=10kHz 2.0 
Source resistance = 1 MO 

(- . • Pulse width = 300 µsec; duty cycle = 1 %. 
le= 1.0 µA, VcE = 5.0V 

Printed in U.S.A. 1105 
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2N3117 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vcso 60 Volts 

Collector-Emitter Voltage Vceo 60 Volts 

Emitter-Base Voltage VEBO 6.0 Volts 

Collector Current le 50 mA 
Total Device Dissipation Po 

@TA= 25•c 0.36 Watts 
@Tc= 25°C 1.2 
@Tc= 100°c 0.68 

Derating Factor above 25°C 
@TA= 25•c 2.06 mW!°C 
@Tc= 25°c 6.85 

Storage Temperature T,+g -65to +200 •c 
COLLECTOR IS INTERNALLY CONNECTED TO CASE 

Junction Temperature TJ 200 •c 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso le= 10 µA, IE= O 60 Volts 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 1 O µA 6.0 Volts 

Collector-Emitter Sustaining Voltage VCEOfsusl 
. le = 10 mA, 16 = 0 60 Volts 

Nonsaturated Base Voltage VBEfonl le= 0.1 mA, Vee= 5.0 V 0.7 Volts 

Collector Saturation Voltage Vcersatl le= 1.0 mA, 16 = 0.1 mA 0.35 Volts 

Collector-Base Cutoff Current lcso le= 0, Vcs = 45 V 10 nA 
le = o, v cs = 45 v TA = 150°c 10 µA 

Emitter-Base Cutoff Current )EBO le = 0, V EB = 5.0 V 10 nA 

DC Current Gain hFE le= 1.0 µA, VcE = 5.0 v 100 
le= 10 µA, Vee= 5.0 V 250 500 
le= 100 µA, Vee= 5.0 V 300 
le = 1.0 mA, v CE = 5.0 v 400 
le = 10 µA, v CE = 5.0 v TA = -55°C 50 

Small Signal Current Gain hie le= 1.0 mA, Vee= 5.0 V 400 900 
f = 1.0 kHz 

High Frequency Current Gain I h1e I le= 0.5 mA, Vee= 5.0 V 2.0 
f = 30 MHz 

Output Capacitance cob IE = 0, V CB = 5.0 V 4.5 pf 
f = 140 kHz 

Input Capacitance C;b le= 0, V6e = 5.0V 6.0 pf 
f=140kHz 

Reverse Voltage Feedback Ratio hre le= 1.0 mA, Vee= 5.0 V 8.0 x 10-· 
f = 1.0 kHz 

Input Resistance h;. le = 1.0 mA, v CE = 5.0 v 10 24 Kohms 
f = 1.0 kHz 

Output Conductance hoe le= 1.0 mA, Vee= 5.0 V 40 µmhos 
f = 1.0 kHz 

Noise Figure NF f=100Hz 4.0 db 
Source resistance = 1 O kfl 
Equivalent noise power 
bandwidth = 20 Hz 
le = 30 µA, V CE = 5.0 V 

Printed in U.S.A. 1106 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Noise Figure NF f = 1 kHz 1.0 db 

Source resistance = 50 k!l 

( Equivalent noise power 
bandwidth = 200 cps 
le= 5.0 µA, VeE = 5.0 v 

f = 10 kHz 1.0 
Source resistance= 50 k!l 
Equivalent noise power 
bandwidth = 1000 Hz 
le= 5.0 µA, VcE = 5.0 V 

f = 10 Hz 15 
Source resistance = 1 O k!l 
Equivalent noise power 
bandwidth = 2.0 Hz 
le = 30 µA, V CE = 5.0 V 

* Pulse Width= 300 µsec; duty Cycle= 1%. 

( 
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MAXIMUM RATINGS 

CHARACTERISTIC 

Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA= 25°C 
@Tc= 25°C 
@Tc= 100°c 

Derating Factor Above 25°C 
@TA= 2s0 c 
@Tc=25°C 

Storage Temperature 

····· •'.;~·····N··~N·~;TRAN•s1stof:I•· · ,,··ueo1uu··Powee· ···· 
• :Ai~~'·cORRENT 
• LOW SATURATION vol.1'~GE 
• HIGH. CURRENT GAIN 

2N2192 
2N2192A 
2N2192B 2N2193 2N2195 

SYMBOL 2N2194 2N2193A 2N2195A UNIT 
2N2194A 2N2193B 2N2195B 
2N2194B 

Vcao 60 80 45 Volts 

Vcw 40 50 25 Volts 

VEBO 5 8 5 Volts 

le 1.0 1.0 1.0 Amp 

Po 
0.8 0.8 0.6 Watt 
2.8 2.8 2.8 
1.6 1.6 1.6 

----···~-

4.56 4.56 3.43 mw;oc 
16 16 16 

Ts+g -65 to +200 ·c 

JANUARY 1968 

2N2192,A,B 
2N2193,A,B 
2N2194,A,B 
2N2195,A,B 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcBo le = 100 µA, IE = 0 

2N2192,A,B,2N2194,A,B 60 Volts 
2N2193, A, B 80 
2N2195, A, B 45 

Emitter-Base Breakdown Voltage BVEBO IE = 100 µA, le = 0 
2N2192,A,B,2N2194,A,B 5 Volts 
2N2193, A, B 8 
2N2195, A, B 5 

Collector-Emitter Sustaining Voltage VCEO(susl 
. le = 25 mA (pulsed), Is = 0 

2N2192,A,B,2N2194,A,B 40 Volts 
2N2193, A, B 50 
2N2195, A, B 25 

Collector Saturation Voltage VeE!satl le = 150 mA, Is = 15 mA 
2N2192 thru 2N2195 0.35 Volts 
2N2192A thru 2N2195A 0.25 
2N2192B thru 2N2195B 0.18 

Base Saturation Voltage VBE!satl le = 150 mA, Is = 15 mA 1.3 Volts 

Collector-Base Cutoff Current leso 
2N2192,A,B,2N2194,A,B Ves = 30V, IE= 0 .010 µA 
2N2195, A, B .100 
2N2192, A, B, v cs = 30 v, 1E = o, r A = 15o•c 15 
2N2194, A, B 25 
2N2195, A, B 50 
2N2193, A, B Ves = 60,V, IE= 0 .010 
2N2193, A, B Vcs = 60 V, IE= 0, TA= 150°C 25 

Emitter-Base Cutoff Current IEBO 
2N2192,A,B,2N2194,A,B Ves = 3 V, le =0 .050 µA 
2N2195, A, B .100 
2N2193, A, B . VEB = 5 V, le =0 .050 

Printed in U,S.k 1301 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. 
DC Pulse Current Gain hFE 

. 
2N2192,A,8,2N2193,A,8 le= 0.1 mA, VeE = 10V 15 
2N2192, A, 8, le= 10mA, VeE = 10V 75 
2N2193, A, 8 30 
2N2194, A, B 15 
2N2192, A, 8, le= 10 mA, VeE = 10 V, 35 
2N2193, A, 8 TA= -55°c 20 
2N2192, A, 8, le= 150mA, VcE = 10V 100 300 
2N2193, A, 8 40 120 
2N2194, A, 8 20 60 
2N2195, A, 8 20 
2N2192, A, 8, le = 150 mA, V CE = 1 .0 V 70 
2N2193, A, 8 30 
2N2194, A, 8 15 
2N2195, A, 8 10 
2N2192, A, 8, le = 500 mA, v CE = 10 v 35 
2N2193, A, 8 20 
2N2194, A, 8 12 
2N2192,A,8,2N2193,A,8 le= 1.0A, VcE = 10V 15 

Rise Time t, 70 

Fall Time ti 2N2192-94, 2N2192A-94A, 2N21928-948 50 
(See Figure 1) 

Storage Time t, 150 

High Frequency Current Gain I h1. I le= 50 mA, VcE = 10 V, f = 20 MHz 2.5 

Output Capacitance cob Ve8 =10V, IE= 0, f = 1.0MHz 20 

• Pulse Test: Pulse Width ~ 300 µsec; Duty Cycle ~ 2%. 

PULSE GENERATOR 
RISE TIME(!,) =20 N1sec 
FALL TIME Oil =20 Nsec 
SOURCE IMPEDANCE (Z out l • 50 .ll 
PULSE WIDTH (PW)• IOpsec 

Figure 1 

CIRCUIT CONDITIONS 

2N2192, A,B 

2N2193,A,B a 2N2194,A,B 
7.5V 

15.0V 

Vea 

7.5V 
15.0V 

TO OSCILLOSCOPE 
INPUT IMPEDANCE (R;0) • 10 m.n 
INPUT CAPACITANCE (C;0 1•11.5pf 
RISE TIME (t,l s 14 nsec 

~" AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 

UNIT 

nsec 

nsec 

nsec 

pf 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 
Collector-Base Voltage VcBo 
Collector-Emitter Voltage VcEO 
Emitter-Base Voltage VEBO 
Total Device Dissipation Po 

@TA= 25•c 
@Tc= 25°C 

Derating Factor above 25°C 
@TA= 25•c 
@Tc= 25°c 

Storage Temperature Tstg 
Junction Temperature TJ 

RATING 
60 
30 
5.0 

2N2217-19 2N2220-22 
0.8 0.5 
3.0 1.8 

5.33 3.33 
20 12 

-65to +200 

-65 to +175 

UNIT 
Volts 
Volts 
Volts 

Watts 

mw;oc 

•c 

·c 

2N2217-19 

COLLECTOR IS INTERNALl. Y CONNECTED TO CASE 

JANUARY 1968 

2N2217 
THRU 

2N2222 

2N2220-22 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso le = 10 µA, IE = 0 60 Volts 
Collector-Emitter Breakdown Voltage BVeEO le = 10 mA, Is = 0 30 Volts 
Emitter-Base Breakdown Voltage BVESO IE=10µA,lc=O 5.0 Volts 
Collector Saturation Voltage VcElsatl 

. 
All Types le = 150 mA, le = 15 mA 0.4 Volts 
2N2218,19,21,22 le = 500 mA, Is = 50 mA 1.6 

Emitter-Base Voltage VsE 
. 

All Types le = 15 mA, le = 150 mA 1.3 Volts 
2N2218, 19, 21, 22 le = 50 mA, le = 500 mA 2.6 

Collector-Base Cutoff Current lcso IE= 0, Ve8 = 50 V 10 nA 
IE= o, Vee= 50 v, TA= 15o•c 10 µA 

Emitter-Base Cutoff Current IEeO le= 0, VEs = 3.0 V 10 nA 
DC Current Gain hFE 

2N2218, 21 le = 0.1 mA, v CE = 10 v 20 
2N2219, 22 35 
2N2217, 20 le = 1.0 mA, v CE = 10 v 12 
2N2218, 21 25 
2N2219, 22 50 
2N2217, 20 le= 10 mA, VcE = 10 V 17 
2N2218, 21 35 
2N2219, 22 75 

DC Pulsed Current Gain hFE 
. 

2N2217, 20 le= 150 mA, VcE = 10 V 20 60 
2N2218, 21 40 120 
2N2219, 22 100 300 
2N2218, 21 le = 500 mA, v CE = 10 v 20 
2N2219, 22 30 
2N2217, 20 le = 150 mA, v CE = 1.0 v 10 
2N2218, 21 20 
2N2219,22 50 

High Frequency Current Gain I h1. I le = 20 mA, v CE = 20 v 2.5 
f=100MHz 

Output Capacitance cob IE= 0, Vee= 10V 8.0 pf 
f = 1.0 MHz 

Real Part of Input Impedance R.(hiel le = 20 mA, v CE = 20 v 60 Ohms 
f = 300 MHz 

( • Pulse Test: Pulse Width = 300 µsec; Duty Cycle :$; 2%. 

Printed in U.S.A. 1302 



MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Collector-Base Voltage Vcso 
Collector-Emitter Voltage VCEO 
Emitter-Base Voltage VEBO 
Total Device Dissipation Po 

@TA= 25°C 
@Te=25°C 

Derating Factor Above 25°C 
@TA= 25°C 
@Te=25°C 

Storage Temperature Range T,19 

2N2218A 2N2221A 
2N2219A 2N2222A 

75 75 
40 40 
6 6 

0.8 0.5 
3.0 1.8 

5.33 3.33 
20 12 

-65to +200 

UNIT 

Volts 
Volts 
Volts 

Watts 

mWl°C 

•c 

2N2218A 
2N2219A 

JANUARY 1968 

2N2218A 

2N2219A 

2N2221A 

2N2222A 

2N2221A 
2N2222A 

Junction Temperature Range TJ -65to +175 oc COLLECTOR 1$ INTERNALLY CONNECTED TO CASE COLLECTOR IS INTERNALLY CONNECTED TO CASE 

'--~~~~-----'-~~~~-=-...._-"-~~-1-~~~~~~~~-L-~~_J 

ELECTRICAL CHARACTERISTICS at +2S°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcBo le = 10 µA, le = 0 75 Volts 

Collector-Emitter Breakdown Voltage BVcro le = 1 O mA, 18 = O 40 Volts 

Emitter-Base Breakdown Voltage BVeBO IE = 1 O µA, le = 0 6 Volts 

Collector Saturation Voltage VCE!satl 
. 

le= 150 mA, 18 = 15 mA 0.3 Volts 
le = 500 mA, 18 = 50 mA 1.0 

Base Saturation Voltage VBersall 
. 

le= 150 mA, 18 = 15 mA 0.6 1.2 Volts 
le = 500 mA, 18 = 50 mA 2.0 

Collector-Base Cutoff Current lcso 
Vc8 = 60 V, le= 0 0.01 µA 
Vc8 = 60 v, le= o, TA= 150°c 10 

Emitter-Base Cutoff Current IEBO Ve8 = 3V, le= O 10 nA 

Base-Emitter Cutoff Current IBEX Vee= 60 V, VeB = 3 V 20 nA 

Collector-Emitter Cutoff Curr'9nt lcex Vee= 60 V, VEB = 3 V 10 nA 

DC Pulse Current Gain hFe 
. 

2N2218A, 2N2221 A le= 0.1 mA, Vee= 10V 20 
2N2219A, 2N2222A 35 
2N2218A, 2N2221 A le= 1.0 mA, Vee= 10V 25 
2N2219A, 2N2222A 50 
2N2218A, 2N2221 A le= 10 mA, Vee= 10V 35 
2N2219A, 2N2222A 75 
2N2218A, 2N2221 A le= 10 mA, Vee= 10 V 15 
2N2219A, 2N2222A TA= -55°C 35 
2N2218A, 2N2221 A le= 150 mA, Vee= 10 V 40 120 
2N2219A, 2N2222A 100 300 
2N2218A, 2N2221A le = 150 mA, v CE = 1.0 v 20 
2N2219A, 2N2222A 50 
2N2218A, 2N2221 A le = 500 mA, Vee = 10 V 25 
2N2219A, 2N2222A 40 

Printed in U.S.A. 1.303 
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CHARACTERISTICS SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Small Signal Current Gain hie 

2N2218A, 2N2221A le= 1.0 mA, VeE = 10V, f = 1 kHz 30 15.0 
2N2219A, 2N2222A 50 300 
2N2218A, 2N2221 A le=10mA,VeE=10V, f=1 kHz 50 300 
2N2219A, 2N2222A 75 375 

High Frequency Current Gain I h1e I 
2N2218A, 2N2221A le = 20 mA, VcE = 20 V, f = 100 MHz 2.5 
2N2219A, 2N2222A 3.0 

Output Capacitance cob IE= 0, Ve8 =10V, f = 100 kHz 8 pf 

Input Capacitance C;b le= 0, VE8 = 0.5 V, f = 1 kHz 25 pf 

Voltage Feedback Ratio h,. 
2N2218A, 2N2221A le= 1.0 mA, VeE = 10V, f = 1 kHz 5 x10-• 
2N2219A, 2N2222A 8 
2N2218A, 2N2221A le=10mA,VeE=10V, f=1 kHz 2.5 
2N2219A, 2N2222A 4 

Input Resistance hie 
2N2218A, 2N2221 A le= 1.0 mA, VeE = 10V, f = 1 kHz 1 3.5 Kohms 
2N2219A, 2N2222A 2.0 8 
2N2218A, 2N2221A le=10mA,VeE=10V, f=1 kHz 0.2 1.0 
2N2219A, 2N2222A 0.25 1.25 

Output Conductance hoe 
2N2218A, 2N2221A le= 1.0 mA, VeE = 10V, f = 1 kHz 3 15 µmhos 
2N2219A, 2N2222A 5 35 
2N2218A, 2N2221 A le=10mA,VeE=10V, f=1 kHz 10 100 
2N2219A, 2N2222A 25 200 

Collector-Base Time Constant rb'Cc le = 20 mA, V CE = 20 V, f = 31.8 MHz 150 psec 

Noise Figure NF 
2N2219A le= 100µA, VcE = 10V, Rg = 1 kn, 4 db 
2N2222A f=1kHz 

• Pulse Test: Pulse Width :<::;; 300 µsec; Duty Cycle :<::;; 2%. 

~ AMELCO SEMICONDUCTOR • A TELEDYNE COMPANY • 1300 Te."a Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA= 25°c 
@Tc= 25°c 

Derating Factor Above 25°C 
@TA= 25°c 
@Tc= 25°c 

Storage Temperature 

Junction Temperature 
Lead Temperature, 1/16 inch from 

case, 10 second max. 

SYMBOL 

VCEO 

RATING UNIT 
75 Volts 
6.0 Volts 

40 Volts 

1.0 A 

0.5 Watts 
1.8 

3.3 mW/°C 
12 

-65to +200 •c 

200 •c 

230 ·c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso IE = 0, le = 1 o µA 75 

Collector-Emitter Breakdown Voltage BVcEO le = 10 mA, v BE = 0 40 

Emitter-Base Breakdown Voltage BVEBO lc=0,IE=10µA 6.0 

Collector Saturation Voltage VcErsatl 
. le = 150 mA, 18 = 15 mA 

le= 500 mA, 18 = 50 mA 
le= 1.0 mA, 18 = 100 mA 

Base Saturation Voltage VBElsall le= 150 mA, 18 = 15 mA 0.6 
le = 500 mA, 18 = 50 mA 
le= 1.0 mA, 18 = 100 mA 

Collector-Base Cutoff Current lcso VcE = 60V, IE= 0 
VcB = 60 v, IE= 0, TA= 150°C 

Collector-Emitter Reverse Current lcEX VcE = 60 V, VEB = 3.0 V 

Base Leakage Current IBL VcE = 60V, VEB = 3.0V 

Emitter-Base Cutoff Current IEBO VEB = 3.0V, le= 0 

DC Current Gain hFE V CE = 10 V, le = 100 µA 35 
V CE = 1 O V, le = 1.0 mA 50 
VcE = 10V, le= 10 mA 75 
VcE = 10V, le= 150 mA 100 
v CE= 10 v, le = 500 mA 40 
V CE= 10 V, le = 1.0 A• 15 
VcE = 1.0V, le= 150 mA 50 
VcE = 1ov, le= 10 mA, TA= -55°C 35 

Rise Time t, See Figure 1 

Turn-on Delay Time td See Figure 1 

Fall Time tf See Figure 2 

Storage Time t, See Figure 2 

Action Region Time Constant t. See Figure 1 

Small Signal Current Gain hie V CE= 1 O V, le = 1.0 mA 50 
f = 1.0 kHz 

v CE = 1 0 v' le = 10 mA 75 
f = 1.0 kHz 

Printed in U.S.A. 1304 

JANUARY 1968 

2N22228 

COLLECTOR 19 INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

Volts 

Volts 

0.2 Volts 
0.5 
1.0 

1.0 Volts 
1.3 
1.6 

10 nA 
10 µA 

10 nA 

20 nA 

10 nA 

300 

25 nsec 

10 nsec 

60 nsec 

225 nsec 

2.5 nsec 

300 

375 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
High Frequency Current Gain I h1e I VcE = 20 V, le= 20 mA 3.0 

( 
f = 100 MHz 

VcE = 20 V, le= 50 mA 4.0 
f = 100 MHz 

Output Capacitance cob Vc8 = 10 V, IE= 0 8.0 pf 
f = 100 kHz 

Input Capacitance C;b VEB = 0.5 V, le= O 25 pf 
f = 100 kHz 

Input Resistance hie v CE = 10 V, le = 1.0 mA 2.0 8.0 k ohms 
f = 1.0 kHz 

VcE = 10 V, le= 10 mA 0.25 1.25 
f = 1.0 kHz 

Voltage Feedback Ratio h,e VcE = 10 V, le= 1.0 mA 0.0008 
f = 1.0 kHz 

VcE = 10 V, le= 10 mA 0.0004 
f = 1.0 kHz 

Output Conductance hoe VcE = 10V, lc = 1.0 mA 5.0 35 µmhos 
f = 1.0 kHz 

VcE = 10 V, le= 10 mA 25 200 
f = 1.0 kHz 

Collector-Base Time Constant rb'Cc VcE = 20 V, le= 20 mA 150 psec 
f = 31.8 MHz 

Real Part Input Impedance Relhiel VcE = 20 V, le= 20 mA 60 Ohms 
f = 300 MHz 

Current Gain Bandwidth ft v CE = 20 v. le = 20 mA 300 MHz 
Product f = 100 MHz 

Noise Figure NF V CE = 10 V, le = 1 00 µA 4.0 db 
RG = 1.0 kn. f = 1.0 kHz 
BW = 1.0 Hz 

*Pulse Test: Pulse Width ~ 300 µsec; Duty Cycle~ 2%. 

Vcc=+30V 

GENERATOR 2000 
RISE TIME :s 2 nsec <Ics=l50 mAl 

PW :s200 nsec 

~ILLOSCOPE 9.9Vn ~ 6190 Z1N >100 KO 

0 
...,. (I81 =15 mA) C1N :S 12 pf 

---'~ RISE TIME :s 5 nsec 
-0.5V =VeE (OFF) 

-= 

Figure I Equivalent Test Circuit for Measuring Delay and Rise Times 

Vcc=+30V 
Q 

2000 
~ (lcs=l50 mA) 

+16.~V (le1=15mA) t---; 
-100 !'-sec (182=-15 mA) 20 KO 

-~!'-sec -,- o- 10000 ~ ~~ 
-13.BV ~ IN9IG OSCILLOSCOPE 

--H--t,<Snsec 500 Z1N>IOOKO 
3 v C1N:Sl2pf 

-- ~ ~ RISE TIME :s 5 nsec 

( 
Figure 2 Equivalant Test Circuit for Measuring Storage Fall Time 

..,"' AMELCO SEMICONDUCTOR •A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL 
Collector-Base Voltage Vcao 

Collector-Emitter Voltage Yem 

Emitter-Base Voltage VEBO 

Total Device Dissipation Po 
@TA= 25°c 
@Tc=25°C 
@Tc= 100°c 

Derating Factor above 25°C 
@TA= 25°C 

Storage Temperature T,t9 

Junction Temperature TJ 

RATING 
120 

80 

7.0 

0.8 
2.8 
1.6 

4.6 

-65to +200 

-65to +200 

UNIT 
Volts 

Volts 

Volts 

Watts 

mW/°C 

•c 

•c 

JANUARY 1968 

2N2243 
2N2243A 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS 
Collector-Base Breakdown Voltage BVcso le = 100 µA, IE = O 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 100 µA 

Collector Saturation Voltage VCElsatl 
2N2243 16 = 15 mA, le= 150 mA 
2N2243A 

Collector-Base Cutoff Current lcso IE = 0, V CB = 60 V 
IE= o, Yes= 60 V, TA= 150°C 

Emitter-Base Cutoff Current IEBO le= 0, VE8 = 5.0 V 

DC Current Gain hFE le= 100 µA, VcE = 10 v 
le = 10 mA, v CE = 10 v 
le = 10 mA, v CE = 10 v 

TA= -55°c 

DC Pulsed Current Gain hFE * le = 150 mA, V CE = 10 V 
le = 500 mA, v CE = 10 v 
le = 150 mA, v CE = 1.0 v 

Small Signal Current Gain hie le = 50 mA, v CE = 10 v 
f = 1.0 kHz 

Output Capacitance cob le= 100µ.A, IE= 0 

Stored-Charge Time Constant Tb See Figure 1 

* Pulse Test: Pulse Width ~ 300 µsec; Duty Cycle= 1 % . 

zoon 

INPUT PULSES AT POINT I 

nf'lllli:A 
1ov...J u--L 

0.2ms-l I-- I 
r--ems--l 

son 1eon I 750Q 

50Q 
50Q 

Figure 1 

Printed in U.S.A. 

MIN. MAX. 
120 

7.0 

0.35 
0.25 

10 
15 

50 

15 
30 
20 

40 120 
15 
30 

2.5 

15 

2.1 

TO OSCILLOSCOPE 
INPUT IMPEDANCE IR;nl • IOmQ 
INPUT CUPACITANCE IC;0 ) • 11.5 pf 
RISE TIME 11, ls 14 nsec 

1305 

UNIT 
Volts 

Volts 

Volts 

nA 
µA 

nA 

pf 

µsec 



JANUARY 1968 

( ~~ 2N2297 

MAXIMUM RATINGS 
-·--·---------· 

CHARACTERISTIC SYMBOL RATING UNIT 
--Collector-Base Voltage VcBo 80 Volts 
-Collector-Emitter Voltage VCEO 35 Volts 

Emitter-Base Voltage VEBO 7.0 Volts 
Collector Current le Amp 

Total Device Dissipation Po 
@TA= 25°C 0.8 Watts 
@Tc= 25°C 5.0 
@Tc= 100°c 2.8 

Storage. Temperature T,,9 -65 to +200 oc 
--· 

Junction Temperature TJ +200 oc 

Lead Temperature, 1/16 inch from +300 oc 
case, 10 sec. max. 
Derating Factor above 25°C 

TA= 25°C 4.06 mW/°C 
COLLECTOR IS tNTERNALL Y CONNECTED TO CA"E 

Tc= 25°C 2.86 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 

Collector-Base Breakdown Voltage BVcBo le = 100 µA, IE = 0 80 Volts 

Emitter-Base Breakdown Voltage BVEBO le= 0, IE= 100 µA 7.0 Volts 

Collector-Emitter Sustaining Voltage VCEO!susl 
. le = 30 mA, IB = O 35 Volts 

Base Saturation Voltage VBElsatl le= 1000 mA, IB = 100 mA 1.6 Volts 

Collector-Base Cutoff Current ICBO IE= 0, VcB = 60 V 10 nA 
IE= o, VcB = 60 V, TA= 150°C 10 µA 

Emitter-Base Cutoff Current !EBO le= 0, VEB = 5.0 V 10 nA 

DC Pulsed Current Gain hFE 
. le= 150 mA, VcE = 10 V 40 120 

le = 10 mA, v CE = 10 v 30 
le = 1.0 A, V CE = 10 V 15 

High Frequency Current Gain l h1. I le = 50 mA, v CE = 10 v 3.0 
f = 20 MHz 

Output Capacitance cob IE = 0, V CB = 10 V 12 pf 
f = 140 kHz 

Collector-Base Time Constant rb'Cc le = 10 mA, V CB = 10 V 800 psec 
f = 4 MHz 

• Pulse Test: Pulse Width= 300 µsec; Duty Cycle ~ 1%. 

(· 

Printed in U.S-A- 1306 



MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Base Current 
Total Device Dissipation 

@TA= 25°C 
Derating Factor above 25°C 

@TA= 25°C 
Storage Temperature 

Junction Temperature 
Lead Temperature, 1 /16 inch from 

case, 1 O seconds max. 

SYMBOL 
Ve BO 

VEBO 

RATING UNIT 
60 Volts 
5 Volts 
30 Volts 
1.0 Amp 
200 mA 

1.8 Watts 

10.3 mW!°C 
-65 to +200 oc 

200 oc 

300 oc 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcBo le= 10 µA, IE= 0 60 

Collector-Emitter Breakdown Voltage BVcm * le = 1 O mA, 16 = O 30 

Emitter-Base Breakdown Voltage BVEBo le= 0, IE= 10 µA 5.0 

Base Saturation Voltage VBEfsatl * le = 150 mA, 16 = 15 mA 
le = 500 mA, 16 = 50 mA 
le= 1.0 A, IB = 100 mA 

Collector Saturation Voltage VCEfsatl * le = 150 mA, 16 = 15 mA 
le = 500 mA, 18 = 50 mA 
le = 1.0 A, IB = 100 mA 

Collector-Base Cutoff Current lcBo VcB = 50 V, IE= O 
Vc6 = 50V, IE= o, TA= 150°C 

Emitter-Base Cutoff Current IEBO VEB = 3.0 V, le= 0 

DC Current Gain hFE * 
2N5079 v CE = 10 V, le = 0.1 mA 35 
2N5080 50 
2N5079 VcE = 10 V, le = 1.0 mA 50 
2N5080 90 
2N5079 VcE = 10 V, le= 10 mA 75 
2N5080 150 
2N5079 VcE = 10 V, le= 150 mA 100 
2N5080 200 
2N5079 v CE = 10 v' le = 500 mA 50 
2N5080 90 
2N5079 VcE=10V,lc=1.0A 15 
2N5080 25 

High Frequency Current Gain I h1e I VcE = 20V, le= 50 mA 4 
f = 100 MHz 

Output Capacitance cob Vc6 =10V,IE=0 
f = 1.0 MHz 

Input Capacitance C;b VEB = 0.5V, le= O 
f=1.0MHz 

Noise Figure NF VcE = 5.0 V, le= 200 µA, R5 = 510!1 
f = 1.0 kHz, BW = 200 Hz 

Printed in U.S.A. 1307 

JANUARY 1968 

2N5079 

2N508Q 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

Volts 

Volts 

1.0 Volts 
1.3 
1.6 

0.2 Volts 
0.5 
1.0 

10 nA 
10 µA 

10 nA 

300 
500 

7 pf 

30 pf 

4.0 db 



MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage VCBO 70 Volts 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Base Voltage VEBO 5 Volts 

Collector Current le Limited by Dissipation only 

Total Device Dissipation Po 
@TA= 25°C 0.36 Watts 
@Tc= 25°C 1.2 
@Tc= 100°c 0.68 

Derating Factor above 25°C 
@TA= 25°C 2.1 mW!°C 
@Tc=25°C 6.85 

Storage Temperature T,+9 -65to +200 oc 
Junction Temperature TJ +200 oc 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso 

2N915 le = 100 µA, IE = O 70 
2N915A le= 10 µA, IE= 0 70 

Emitter-Base Breakdown Voltage BVEBO IE=10µA,lc=O 5 

Collector-Emitter Sustaining Voltage V CEOfsusl * le= 10 mA, 18 = O 50 

Base Saturation Voltage VBErsatl le = 10 mA, 18 = 1 mA 

Collector Saturation Voltage Ve Er sail 
2N915 le = 10 mA, 18 = 1 mA 
2N915A 

Collector-Base Cutoff Current lcso 
2N915 VcB = 60 V, IE= 0 
2N915A 
2N915 Vc 8 = 60V, IE= 0, TA= 150°C 
2N915A 

DC Pulse Current Gain hFE * le = 10 mA, v CE = 5 v 50 

DC Pulse Current Gain hFE * 
2N915A le = 10 µA, V CE = 5 V 50 

Both Types le = 100 µA, V CE = 5 V 50 
Both Types le = 1.0 mA, v CE = 5 v 50 
Both Types le = 10 mA, v CE = 1 v 50 
Both Types le = 100 mA, V CE = 1 V 15 

Emitter-Base Cutoff Current IEBO 
2N915A VEs = 3 V, le = O 

High Frequency Current Gain I h1e I 
2N915 V CE = 15 V, le = 1 O mA 2.5 
2N915A f = 100 MHz 6.0 

Small Signal Current Gain hfe 
2N915 v CE = 5 V, le = 1 mA 40 
2N915A f = 1 kHz 50 

Small Signal Current Gain hie VcE=5V,lc=5mA 50 
f = 1 kHz 

Printed in U.S.A. 1501 

JANUARY 1968 

2N915 
2N915A 

COLLECTOR IS INTERNALLY CO~NECTEO TO CASE 

MAX. UNIT 

Volts 
Volts 

Volts 

Volts 

0.9 Volts 

1.0 Volts 
0.2 

10 nA 
2 
30 µA 
3 

200 

200 
200 
200 
200 

2 nA 

200 
200 

250 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Output Capacitance cob 

2N915 VcB = 10 V, IE= 0 
2N915A 

Input Capacitance cib 
2N915 VE8 = 0.5 V, le= O 
2N915A 

Input Resistance hie v CE = 5 v, le = 5 mA 
f = 1 kHz 

VcE = 5 V, le= 1 mA 
f = 1 kHz 

Output Conductance hoe VcE = 5 V, le= 5 mA 
f = 1 kHz 

V cE = 5 V, le = 1 mA 
f = 1 kHz 

Collector-Base Time Constant rb'Cc VcB = 10 V, le= 10 mA 
f = 40 MHz 

Noise Figure NF 
2N915A VcE = 5 v, le= 10 µA 

f = 1 kHz 
R5 =10k0 
BW = 200Hz 

•Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 
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MAXIMUM RATINGS 
CHARACTERISTIC 

Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA ... 25•c 
@Tc= 25•c 
@Tc= 100°c 

Derating Factor above 25°C 
@TA= 25•c 
@Tc= 25•c 

Storage Temperature 
Junction Temperature 

SYMBOL 

Vcso 
Vceo 
VEBO 
le 
Po 

T,19 
TJ 

RATING UNIT 
2N916, 
2N916A 2N916B 
45 60 Volts 
25 30 Volts 
5 5 Volts 

Limited by Dissipation Only 

0.36 Watts 
1.2 
0.68 

2.1 mW/"C 
6.85 

-65to +200 •c 

+200 •c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVeso 

2N916, 2N916A le=10µA,IE=0 45 
2N916B le= 10µA, IE= O 60 

Emitter-Base Breakdown Voltage BVEBO IE=10µA,lc=0 5 

Collector-Emitter Sustaining Voltage VCEO(susl 
. 

2N916, 2N916A le = 10 mA, 18 = 0 25 
2N916B 30 

Collector Saturation Voltage VeE!satl 
2N916, 2N916A le = 10 mA, le = 1 mA 
2N916B 

Collector Saturation Voltage VCE!sall 
2N916A le = 100 mA, le = 10 mA 
2N916B 

Base Saturation Voltage VeE!satl le = 1 O mA, le = 1 mA 

Base Saturation Voltage VBElsatl 
2N916A le = 100 mA, 18 = 1 O mA 
2N916B 

Collector-Base Cutoff Current lceo 
2N916, 2N916A Vcs = 30 v, IE= 0 
2N9168 V CB = 45 V, IE = 0 
2N916, 2N916A Vc8 = 30V, IE= o, TA= 150°C 
2N916B v cs = 45 v, le = o, TA = 150°c 

Emitter-Base Cutoff Current IEeo 
2N9168 VEe=8V,le=0 

DC Pulse Current Gain hFE 
. le = 10' mA, v CE = 5 v 50 

DC Pulse Current Gain hFE 
. 

2N916A, 2N916B le = 100 mA, v CE = 1 v 15 

Printed in U.S.A. 1502 

JANUARY 1968 

2N916 
2N916A 

COLLECTOlll 11 INTERNALL V ~ECTED TO CAif. 

MAX. UNIT 

Volts 
Volts 

Volts 

Volts 
Volts 

0.5 Volts 
0.2 Volts 

1.0 Volts 
0.5 Volts 

0.9 Volts 

1.3 Volts 
1.2 

10 nA 
2 
10 µA 
3 

2 nA 

200 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
DC Pulse Current Gain hFE * 

2N916B le = 10 µA, V CE = 5 V 
All Types le= 100µA, Vee= 5 V 
All Types le = 1.0 mA, v CE = 5 v 
All Types le = 10 mA, v CE = 1 v 

High Frequency Current Gain I h1e 1 
2N916, 2N916A le= 10 mA, Vee= 15V 
2N916B f = 100MHz 

Small Signal Current Gain hie le= 5 mA, Vee= 5 V 
f =1 kHz 

Small Signal Current Gain hie 
2N916, 2N916A le= 1 mA, Vee= 5V 
2N916B f =1 kHz 

Output Capacitance cob 
2N916, 2N916A V CB = 5 V, IE = 0 
2N916B 

Input Capacitance cib 
2N916, 2N916A VEB = 0.5 V, le= O 
2N916B 

Input Resistance hie le = 5 mA, v CE = 5 v 
f =1 kHz 

le = 1 mA, v CE = 5 v 
f =1 kHz 

Output Conductance hoe le = 1 mA, Vee= 5 V 
f =1 kHz 

le = 5 mA, v CE = 5 v 
f =1 kHz 

Collector-Base Time Constant rb'Cc le= 10 mA, VcB = 10V 
f = 40 MHz 

Noise Figure NF 
2N916B le = 10 µA, V CE = 5 V 

f =1 kHz 
Rs= 10 K 
BW = 200Hz 

• Pulse Test: Pulse Width = 300 /Lsec; Duty Cycle= 1 o/o. 
Noise Figure 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vceo 30 Volts 
Collector-Emitter Voltage VcEo 15 Volts 
Emitter-Base Voltage VEBO 3.0 Volts 
Collector Current le 50 mA 
Total Dissipation Po 

@TA= 25•c 0.2 Watt 
@Tc= 25•c 0.3 

Derating Factor above 25°C 
@TA= 25•c 2.0 mW/"C 

Storage Temperature Tstg -65 to +300 •c 

Junction Temperature TJ +200 ·c 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVceo le = 1.0 µA, IE = O 30 

Collector-Emitter Sustaining Voltage VcEOrsusl 
. le = 3 mA, 18 = 0 15 

Emitter-Base Breakdown Voltage BVEBO le= 10 µA, le= O 3 

Collector Saturation Voltage VcErsatl le = 10 mA, 18 = 1.0 mA 

Base Saturation Voltage VBElsatl le = 1 O mA, 18 = 1.0 mA 

Collector-Base Cutoff Current lceo Vc8 = 15 V, IE= O 
Vc8 =15 v, TA= 150°c, IE= o 

DC Current Gain hFE V CE= 1.0 V, le = 3.0 mA 20 

High Frequency Current Gain I h,. I le= 4.0 mA 6.0 
VcE = 10 V 
f = 100 MHz 

Output Capacitance cob Vc8 = 10 V 
IE = 0, f = 140 kHz 
V CB = 0, f = 140 kHz 
IE= 0 

Input Capacitance cib VEB = 0.5 v 
le = 0, f = 140 kHz 

Collector Efficiency 7/ Vc8 = 15 V 25 
f = 500 MHz 
le= 8.0 mA 

Available Power Gain AP le= 6.0 mA 15 
Vc8 = 12 V 
f = 200 MHz 
(Figure 1) 

Power Output po le= 8.0 mA 30 
Vc8 = 15 V 
f = 500 MHz (Figure 2) 

Noise Figure NF le= 1.0 mA 
VcE = 6.0 V 
f = 60 MHz 
RG=40011 

( • Pulse Test: Pulse Width = 300 µsec; Duty Cycle = 1 %. 

Printed in U.S.A. 1503 
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:MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA= 25°C 
@Tc= 25°C 
@Tc= 100°c 

Derating Factor Above 25°C 
@TA= 25°C 
@Tc= 25°C 

Storage Temperature 

Junction Temperature 

SYMBOL 

VCES 
VCEO 

RATING UNIT 
40 Volts 
40 Volts 
15 Volts 
4.5 Volts 
200 mA 

0.36 Watt 
1.2 
0.68 

2.1 mW/°C 
6.85 
-65 to +200 oc 

+200 oc 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcBo le= 10 µA, 16 = o 40 
Collector-Emitter Sustaining Voltage VCEO[susl 

. le = 10 mA, 16 = 0 15 
Collector-Emitter Voltage BVcEs le = 1 O µA, 16 = O 40 
Emitter-Base Breakdown Voltage BVEBo IE= 10 µA, le= 0 4.5 
Base Current IB VCE = 20V, VBE = 0 
Collector-Emitter Cutoff Current ICES VcE = 20V, V6E = 0 
Collector Saturation Voltage VcErsatl le = 1 O mA, 16 = 1 mA 

le = 30 mA, 16 = 3 mA 
le = 100 mA, 16 = 10 mA 
le = 1 O mA, 16 = 1 mA 

TA=125°C 
Base Saturation Voltage V BErsatl le = 10 mA, 16 = 1 mA 0.7 

le = 30 mA, 16 = 3 mA 
le= 100 mA, 16 = 10 mA 
le = 1 O mA, 16 = 1 mA 0.59 

TA=125°C 
le = 1 O mA, 16 = 1 mA 

TA= -55°C 
Collector-Base Cutoff Current lcBo V CB = 20 V, IE = 0 

Vc6 = 20V, TA= 150°C 
DC Pulse Current Gain hFE 

. le= 10 mA, VcE = 0.35 V 40 
le= 10 mA, VcE = 0.35 V, TA= -55°C 20 
le= 100 mA, VCE = 1.0 V 20 
le= 30mA, VcE = 0.4 V 20 

High Frequency Current Gain I h1. I le= 10 mA, VcE = 10V, f = 100MHz 5 
Output Capacitance cob Vc6 = 5 V, IE= 0, f = 140 kHz 
Storage Time t,( r 5) le= 161 = 162 = 10 mA (See Figure 1) 
Turn-On Time ton le= 10 mA, 161 = 3 mA, Vee= 3 V, 

V 0 6 = 1.5 V (See Figure 2) 
Turn-Off Time to ff le= 10 mA, 161 = 3 mA, 162 = 1.5 mA, 

Vee= 3 V (See Figure 2) 

• Pulse Test: Pulse Width = 300 µsec, Duty Cycle = 2% 

Printed in U.S.A. 1504 
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2N2369A 

.UQ. 
.110 

BASE 

EMITTER 

MAX. UNIT 
Volts 
Volts 
Volts 
Volts 

-0.4 µA 
0.4 µA 
0.2 Volts 
0.25 
0.5 
0.3 

0.85 Volts 
1.15 
1.6 

1.02 

0.4 µA 
30 

120 

4 pf 
13 nsec 
12 nsec 

18 nsec 
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( 

Pulse Generator 
Vin Rise Time< lnsec 
source Impedance• 50/\ 
PW== 300 nsec 

0.0023 

56/\ 

911\ 

To sampling Oscilloscope 
Input Imped a nee • 50 I\ 
Rise Time::: lnsec 

+SV-·--':::>L-1096 Pulse 
Duty Cycle""" 2 96 

.__ _________ ·_10_-______ 10_. _ __,...,.1_o_v _____ ... -•~-t~f ~-- ~{: 

Pulse Generator 
Vin Rise Time< lnsec 
Source Impedance" 50/\ 
PW:::: 300 nsec 
Duty Cycle-c: 296 

') =:!::~~=::::=::::---10 96 
~ 

Vout 

FIGURE I 

FIGURE 2 

+ 

~cc 

To Sampling Oscilloscope 
input Impedance• 50./\ 
Rise Time=:1nsec 

o~VT;n~~~xL--~~~~-1096 

~,====:::t=:==:::::;;ii====~9096 
Vout 1ou 

Vee· •12v 

Vin" -15V 

~ AMELCO SEMICONDUCTOR • A TELEDYNE COMPANY • 1300 Terra Bella Ave.• Mountain View • Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 
Collector-Base Voltage Vceo 
Collector-Emitter Voltage Vern 
Emitter-Base Voltage VEBO 
Collector Current le 
Total Device Dissipation PD 

@TA= 25°c 
@Tc=25°C 

Derating Factor above 25°C 
@TA= 25•c 
@Tc=25°C 

Storage Temperature Tstg 
Junction Temperature TJ 

RATING 
30 
15 
3.0 
50 

0.3 
0.8 

2.1 
4.56 

-65to +300 

+200 

UNIT 
Volts 
Volts 
Volts 
mA 

Watts 

mW!°C 

·c 

·c 

2N2616 

EMITTER 

COLLECTOR IS INTERNALLY 

CONNECTED TO CASE! 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVceo le = 1.0 µA, IE = O 30 

Emitter-Base Breakdown Voltage BVESO le = 0, IE = 1 O µA 3.0 

Collector-Emitter Sustaining Voltage VeEO!susl 
. le = 3.0 mA, Is = O 15 

Collector Saturation Voltage VcErsatl le= 10 mA, Is= 1.0 mA 

Base Saturation Voltage VBE!satl le= 10 mA, Is= 1.0 mA 

Collector-Base Cutoff Current lcso IE= 0, Ves = 15 V 
IE= o, Ves = 15 v, TA= 15o•c 

DC Pulsed Current Gain hFE 
. le= 3.0 mA, VeE = 1.0 V 20 

High Frequency Current Gain I h1e I le-= 4.0 mA, VeE = 10 v 6.0 
f = 100 MHz 

Output Capacitance cob IE= 0, Ves = 10 V 
f = 140 kHz 

-
Input Capacitance cib le= 0, VsE = 0.5V 

f = 140 kHz 

Available Power Gain (See Figure 1) AP le = 6.0 mA, v CE = 12 v 15 
f = 200 MHz (Figure 1) 

Power Output (See Figure 2) po le= 8.0 mA, VcE = 15 V 30 
f = 500 MHz (Figure 2) 

Noise Figure NF f = 60 MHz 
Source resistance = 400 n 
le= 1.0 mA, VcE = 6.0 V 

Collector Efficiency 7/ le= 8.0 mA, Vcs = 15 V 25 
f = 500 MHz 

*Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1% 

Printed in U.S.A. 1505 
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2N2616 

2N2729 

2N2729 

_,~DIA.1-

.0~~~i II w:·· u u ~DIA. 

~DIA. 

-BASE 

COLLECTOR 

COLLECTOR IS INTERNALL. V 

CONNECTED TO CASE 

MAX. UNIT 
Volts 

Volts 

Volts 
--j 

0.4 Volts 

1.0 Volts 

1.0 nA 
1.0 µA 

2.8 pf 

2.0 pf 

db 

mW 

6.0 db 

% 



( 

( 

2.2K RFC 

~ IOOOpf 

500 MHz OSCILLATOR TEST CIRCUIT 

(NOTE 31 50pf 75pf ffi ffi 
'--11--~~ OUTPUT 

(NOTE I) 

(NOTE 2) RFC 

Vee 

Notes: 
( U Coax plumbing consists of the following GR air lines: 

2 Type 874 TEE 
l Type 874 - D20 Adjustable Stub 
l Type 874 - LA Adjustable Line 
l Type 874 - WN3 Short-Circuit Termination 

(21 2 turns #16 AWG wire. 3/8 inch OD, 1-1/4 inch long 

(31 9 turns #22 AWG wire. 3116 inch OD, 1/2 inch long 

..,..... AMELCO SEMltONDUCTOR •A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
TA= 25•c 

Storage Temperature 

Junction Temperature 

Derating Factor above 25°C 
@TA= 25•c 

SYMBOL 

Vcso 

VcEO. 

VEBO 

le 

Po 

Tstg 

TJ 

RATING 
35 

20 

3.0 

Limited by P0 only 

0.2 

-65to +200 

+200 

1.14 

UNIT 
Volts 

Volts 

Volts 

Watts 

•c 
•c 

mW/°C 

JANUARY 1968 

2N2708 

BASE 

COLLECTOR 

CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified} 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso le = 1.0 µA, IE = O 35 Volts 

Emitter-Base Breakdown Voltage BVEBO lc=0,IE=10µA 3.0 Volts 

Collector-Emitter Sustaining Voltage VCEOlsusl 
. le = 3.0 mA, 18 = O 20 Volts 

Collector-Base Cutoff Current lcso IE=0,Vc8 =15V 10 nA 
IE= 0, Vcs = 15 v, TA= 150°C 10 µA 

DC Current Gain hFE le= 2.0 mA, VcE = 2.0 V 30 200 

Small Signal Current Gain hie le= 2.0 mA, VcE = 15 V 30 180 
f = 1 kHz 

High Frequency Current Gain I h1e I le = 2.0 mA, v CE = 15 v 7.0 12 
f = 100 MHz 

Output Capacitance cob IE= o, Vc8 = 15 V 1.5 pf 
f = 140 kHz 

CoUector-Base Time Constant rb'Cc le = 2.0 mA, v CB = 15 v 15 33 psec 
f = 31.9 MHz, 4th Lead = gnd 

Available Power Gain Neutralized Gpe le = 2.0 mA, v CE = 15 v 15 22 db 
f = 200 MHz (Figure 1) 

Noise Figure NF Source Resistance 50!1 8.5 db 
le= 2.0 mA, VcE = 15 V 

f = 200 MHz 

*Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 

1- 8 •' FIGURE 1 - CIRCUIT USED TO MEASURE POWER GAIN AT 200 MHz 

Printed in U.S.A. 

NOTE 1 (Neutralization Procedure): (a) Connect a 200 MHz signal generator (with Zour = 
50 ohms) to the input terminals of the amplifier. (b) Connect a 50-ohm r-f voltmeter 
across the output terminals of the amplifier. (c) Apply VEE and Vee, and with the 
signal generator adjusted for 10 mV output, tune C2, C6, and C7 for maximum output. 
(d) Interchange the connections to the signal generator and the output indicator. 
{e) With sufficient signal applied to the output terminals of the amplifier, adjust CN 
for a minimum indication at the input. (f) Repeat steps (a), (b), and {c) to determine 
if retuning Is necessary. 

1506 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 
Collector-Base Voltage Vceo 25 

Collector-Emitter Voltage VcEO 13 
Emitter-Base Voltage VEeo 3.0 
Collector Current le 50 
Total Device Dissipation Po 

@TA= 25°C 0.2 
@Tc= 25°C 0.3 

Storage Temperature Tstg -65to +200 
Junction Temperature TJ +200 
Derating Factor above 25°C 

@TA= 25°C 1.14 

UNIT 
Volts 

Volts 
Volts 
mA 

Watts 

oc 

oc 

mWl°C 

JANUARY 1968 

2N2865 

j .195 01Af--

·~g.178 I 
:Im _r·O~MAX, 1 E ' .500 4 LEADS 
MIN n n n__.021DIA _i__u u u- .01e . 

·n201A 
.209 

BASE 

COLLECTOR 

CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVceo le = 1.0 µA, IE = O 25 Volts 

Emitter-Base Breakdown Voltage BVEeo le = 0, IE = 1 O µA 3.0 Volts 

Collector-Emitter Sustaining Voltage VcEOfsusl 
. le = 4.0 mA, le = O 13 Volts 

Collector Saturation Voltage VCElsatl le = 1 O mA, le = 1.0 mA 0.4 Volts 

Base Saturation Voltage VeElsatl le = 1 O mA, le = 1.0 mA 1.0 Volts 

Collector-Base Cutoff Current lceo IE= 0, Vee= 15 V 10 nA 
I~= 0, Vee= 15V, TA= 150°C 1.0 µA 

DC Current Gain hFE le= 4.0 mA, VcE = 10V 20 200 

Small Signal Current Gain h1. le= 4.0 mA, VcE = 10V, f = 1.kHz 20 200 

High Frequency Current Gain I h1. I le = 4.0 mA, v CE = 10 v 3.0 
f = 200 MHz 

Output Capacitance cob IE=0,Vce=10V 2.5 pf 
f = 1 MHz 

Collector-Base Time Constant rb'Cc 15 psec 

Neutralized Small-Signal GP• le = 4.0 mA, v CE = 10 v 16.5 db 
Power Gain f = 200 MHz (Figure 1) 

Unneutralized Small-Signal GP• le = 4.0 mA, v CE = 10 v 10 db 
Power Gain f = 200 MHz (Figure 2) 

po IE= -12 mA, Vee= 10 V 40 mW 
Power Output f = 500 MHz (Figure 3) 

Spot Noise Figure NF f = 200 MHz 4.5 db 
Source resistance = 75n 
IE= 1.5 mA, Vee= 10V 

*Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 

Printed in U.S.A. 1507 



FROM 50 n (c>:}.-....1 
SOURCE .:r · 

C3 
DI D2 

C4 

L2 

DC COMMON 

C6 

C5 

ca 
- + 

C9 

L4 

L3 

C7 
T050fi 
DETECTOR 

CIRCUIT COMPONENT INFORMATION 

Cl, C2, and C9: O.OS µf 
C3: 1.5-lOpf 
C4 and CS: 1000 pf 
C6 and C7: 3-IS pf 
CS: 25 µf 
Rl: 2.2 kll 
LI: 1 T #12 AWG, 2 cm ID 
L2 and L3: 200 MHz RFC 
L4: 1/z T #12 AWG, 3 cm ID 
Dl and 02: 1N2070 

FIGURE I - NEUTRALIZED 200 MHz INSERTION POWER GAIN TEST CIRCUIT 

L3 

C3 

C4 C5 

C6 
L4 

+Vee 

C7 
f--.-fQ) TO 50 n 
' J:: DETECTOR NEUTRALIZATION ADJUSTMENT PROCEDURE 

After tuning amplifier as for normal gain measurement, 
reverse input and output connections and tune L2 for 
minimum indication on detector. 

CIRCUIT COMPONENT INFORMATION 

Cl: 3-12 pf C6: O.OS µf 
C2: 1000 pf C7: 0.001 µf 
C3: 1.S-7.S pf RI: 100 n 
C4 and CS: 0.01 µf R2: 1 kll 
LI: 31/z T #16 AWG, S/16" ID, 1" length, 

Turns Ratio= 31/z to 3 
L2: 0.4-1.0 µh, Q 2: 7S 
L3: 8 T #16 AWG, 1/s" ID, 'l's" length, 

Turns Ratio = 8 to 1 
L4: 200 MHz RFC 

FIGURE 2 - UNNEUTRALIZED 200 MHz INSERTION POWER GAIN TEST CIRCUIT 

DOUBLE STUB l'\JNER 

LI 

LEAD 4 (CASE) 
FLOATING C4 

Cl 

L4 

C3 

L3 

+IOv 

TO son 
DETECTOR CIRCUIT COMPONENT INFORMATION 

Cl, C2 and C3: 1000 pf 
C4: 2SO pf 
RI: 2.2 kll 
LI: 7 T #22 AWG, Va" ID, 1/z" length 
L2: 3% T #18 AWG, 1h'' ID, %" length 
L3: SOO MHz RFC 
Double Stub Tuner: Weinsehel 

OS 109L (or equivalent) 

FIGURE 3 - 500 MHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 

'W" AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif: 94040 • Phone (415) 968-9241 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA=25°C 
@Tc=25°C 

Derating Factor above 25°C 
@TA=25°c 
@Tc= 25°C 

Storage Temperature 

Junction Temperature 

SYMBOL 

Vcao 

Vceo 
VEBO 

2N3289 UNIT 2N3290 
30 Volts 
30 Volts 
15 Volts 
3.0 Volts 
50 mA 

200 mW 
300 

1.14 mW/°C 
1.71 
-65to +200 •c 

+200 ·c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcao le = 10 µA, le = O 30 

Collector-Emitter Breakdown Voltage BVces le= 10 µA, V8e = 0 30 

Collector-Emitter Breakdown Voltage BVeeo le= 2.0mA,18 = 0 15 

Emitter-Base Breakdown Voltage BVEBO le = 10 µA, le = 0 3.0 

Collector Saturation Voltage VCE!satl le = 5 mA, 18 = 0.5 mA 

Base Saturation Voltage VBElsatl le= 5mA,18 = 0.5 mA 

Collector-Base Cutoff Current lcso Vee= 15 V 

DC Current Gain hFE v CE = 10 v, le = 2 mA 10 

Small Signal Current Gain hie v CE = 10 V, le = 2 mA 10 
f = 1 kHz 

Output Capacitance cob. Vea = 10 V, le = 0 
f = 0.1 MHz 

Collector-Base Time Constant rb'Cc Vea= 10 V, le= 2 mA 3 
f = 31.8 MHz 

High Frequency Current Gain I h1. I le = 2 mA, v CE = 10 v 3.0 
f = 100 MHz 

Maximum Frequency of Oscillation fmax Vee= 10 V, le= 2 mA 2000 (Typ) 

Power Gain G. Vee= 10 V, le= 2 mA 17 
f = 200 MHz 

Power Gain (AGC) G •• e Vee= 5 V, le= 20 mA 
2N3289 f = 200 MHz 

Noise Figure NF Vee= 10 V, le= 2 mA 
f = 200 MHz 

*C0 b is measured in guarded circuit such that the can capacitance is not included. 
* * AGC is obtained by increasing le. The circuit remains adjusted for V ce = 1 O Vdc, le = 2 mAdc operation. 

JANUARY 1968 

2N3289 
2N3290 

j·~o1A1 

·~ 1 ~~ !_J ~ ~-:g~DIA 
.Z30DIA 
.209 

BASE 

COLLECTOR 

CASE 

MAX. UNIT 
Volts 

Volts 

Volts 

Volts 

0.4 Volts 

1.0 Volts 

.010 µA 

150 

200 

1.5 pf 

20 psec 

12 

MHz 

24 db 

+5 db 

7.0 db 

Printed in U.S.A. 1508 



FRQM50'1~ 
SOURCE I . 

LI C3 
DI D2 

C4 

L2 

C9 

DC COMMON +Vee 

T050'1 
DETECTOR 

CIRCUIT COMPONENT INFORMATION 

Cl, C2, and C9: 0.05 µf 
C3: 1.5-10 pf 
C4 and CS: 1000 pf 
C6 and C7: 3-15 pf 
C8: 25 µf 
Rl: 2.2kfl 
Ll: 1 T #12 AWG, 2 cm ID 
L2 and L3: 200 MHz RFC 
L4: 1h T #12 AWG, 3 cm ID 
Dl and 02: 1N2070 

FIGURE 1- NEUTRALIZED 200 MHz INSERTION POWER GAIN TEST CIRCUIT 

~ AMELCO SEMICONDUCTOR •A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
----

CHARACTERISTIC SYMBOL 
2N3291 2N3293 

UNIT 2N3292 2N3294 
Collector-Base Voltage Vcso 25 20 Volts 
Collector-Emitter Voltage Vces 25 20 VQlts 
Emitter-Base Voltage VEBO 3.0 3.0 Volts 
Collector Current le 50 50 mA 
Total Device Dissipation Po 

@TA= 25°C 200 200 mW 
@Tc=25°C 300 300 

Derating Factor above 25°C 
@TA= 25°C 1.14 1.14 mW!°C 
@Tc= 25°C 1.71 1.71 

Storage Temperature T,t9 -65to +200 •c 
Junction Temperature TJ +200 +200 •c 

ELECTRICAL CHARACTERISTICS at +2S°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Emitter Breakdown Voltage BVces le= 25 µA, V8e = 0 

2N3291, 2N3292 25 
2N3293, 2N3294 29 

Collector-Base Cutoff Current lcso VcB = 10 V, le= 0 

Emitter-Base Cutoff Current leao Ve8 = 0.5 V, le= 0 

DC Current Gain hFE Vee= 10 V, le= 2 mA 10 

Small Signal Current Gain hfe Vee= 10 V, le= 2 mA 10 
f = 1 kHz 

High Frequency Current Gain I h1. I Vce=10V,lc=2mA 2.5 
f=100MHz 

Output Capacitance cob 
. Vc8 = 10 V, le= 0 

f = 100 kHz* 

Collector"Base Time Constant rb'Cc Vc8 = 10 V, le= 2 mA 
f = 31.8 MHz 

Maximum Frequency of Oscillation fmax Vce=10V,lc=2mA 2000 (Typ) 

Power Gain G. le = 2 mA, v CE = 10 v 
2N3291, 2N3292 f = 200 MHz (Figure 1) 16 
2N3294 14 

Noise Figure NF le= 2 mA, Vee= 10 V 
2N3291 f = 200 MHz (Figure 1) 8 (Typ) 
2N3292 9 (Typ) 
2N3294 7 (Typ) 

Power Gain po Vee= -11V,f=257 MHz 
2N3293 (Figure 2) 2.0 

• C0 b is measured in guarded circuit such that the can capacitance is not included. 

Printed in U.S.A. 1509 
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2N3291 
THRU 

2N3294 

.2IO 
~ 

MAX. 

0.1 

100 

200 

12 

2.0 

30 

BASE 
COLLECTOR 

CASE 

UNIT 

Volts 

µA 

µA 

pf 

psec 

MHz 

db 

db 

db 



FIGURE I - 200 MHz TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 

...... 

B E 

...... 

+ c 

L1 - 6 turns of #16 tinned wire: 3/8" ID; Air wound; winding length 
314''; Vee feeds tap 4-3/4 turns from collector end; output tap 
3-112 turns from collector end. 

T1 - 3 turns primary and secondary Bifilar wound (close woundl on 
114" ceramic form Cambion typel with brass slug. 
#22 enameled wire. 

P 1 - General Radio 874 G6 Pad (6 dbl 

P 2 - General Radio 874 G6 Pad (6 db~ 

Figure l 

FIGURE 2 - 257 MHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 

/SHIELD 

...... 

BK.ll 17.5K.Q :r .001,.t RFC r· ':" 
~ 

*.001,.t 
-VEE 

L1 - 4 turns of #22 Nykland wire spaced for 257 me coil form 7/32" center Cambion LST ceramic aircore 

RFC - 4.5 µh, 24 turns #30 Nykland wire close wound 7/32" Cambion ceramic form 

All capacitors are ceramic type 
Figure 2 

..,... AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 
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2N869 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage VcBo 25 Volts 
Collector-Emitter Voltage VcEo 18 Volts 
Emitter-Base Voltage VEBO 5 Volts 
Total Device Dissipation Po 

@TA= 25°C 0.36 Watts 
@Tc= 25°C 1.2 
@Tc= 100°c 0.68 

Derating Factor above 25°C 
@TA= 25°C 2.1 
@Tc=25°C 6.85 mW/"C 

Storage Temperature Tstg -65 to +200 ·c 

Junction Temperature TJ +200 ·c COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25"C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcBo le = 10 µA, IE = O 25 Volts 

Emitter-Base Breakdown Voltage BVEBO IE = 10 µA, le = 0 5 Volts 

Collector-Emitter Sustaining Voltage* VCEO!sustl 
. le = 10 mA, Is = 0 18 Volts 

Collector Saturation Voltage VcErsatl le = 1 O mA, Is = 1.0 mA 1.0 Volt 

Base Saturation Voltage VsErsatl le = 10 mA, Is = 1.0 mA 1.0 Volt 

Collector-Base Cutoff Current lcso Vcs=15V,IE=0 .010 µA 
Vcs = 15V, IE= 0, TA= 150°C 25 

DC Pulse Current Gain hFE 
. le = 10 mA, v CE = 5.0 v 20 120 

High Frequency Current Gain h1. le= 10 mA, Vee= 15 V, f = 100 MHz 1.0 

Output Capacitance cob Vcs=10V,le=0 9 pf 

Input Capacitance cib V8e = 0.5 V, le= O 11 pf 

•Pulse Test: Pulse Width = 300 µsec, Duty Cycle = 1 % 

( 

Printed in U.S.A. 1601 
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2N995 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vcso -20 Volts 
Collector-Emitter Voltage VcEO -15 Volts 
Emitter-Base Voltage VEBO -4.0 Volts 
Total Device Dissipation Po 

@TA= 25°C 0.36 Watts 
@Tc= 25°C 1.2 
@Tc= 100°c 0.68 

Storage Temperature Tstg -65to +200 oc 

Junction Temperature TJ +200 oc 

Derating Factor above 25°C 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 
TA= 25°C 2.06 l mW/°C 
Tc= 25°C 6.86 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVeso le= 10 µA, IE= O -20 Volts 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 1 O µA -4 Volts 

Collector-Emitter Sustaining Voltage VeEQCsusl 
. le= 10 mA, 18 = O -15 Volts 

Collector Saturation Voltage VcErsatl le = 20 mA, 18 = 2.0 mA 0.2 Volts 

Base Saturation Voltage VBECsatl le = 20 mA, 18 = 2.0 mA 0.95 Volts 

Collector-Base Cutoff Current lcso IE=O, Vc8 =-15V 5.0 nA 
IE=O, Vc8 =-15V,TA=150°C 25.0 µA 

Emitter-Base Cutoff Current IEBO le= 0, VEB = 4.0V 10 µA 

DC Current Gain hFE 
. le= 20 mA, VcE = -1.0 V 35 140 

le= 50 mA, VcE = -1.0 V 25 
le= 1.0 mA, VcE = -1.0 V 25 

High Frequency Current Gain lh,.I le = 10 mA, v CE = -10 v 1.0 
f = 100 MHz 

Output Capacitance cob IE=0,Vc8 =-10V 10 pf 

Input Capacitance C;b le = 0, V8E = -0.5 V 11 pf 

Low Frequency Noise Figure NF f = 1 kHz 6.0 Typ db 
Source resistance = 2 kn 
Equivalent noise power 
bandwidth = 200 Hz 
le= 100 µA_, VeE = 5.0 V 

100 MHz Oscillator Efficiency 1/ It= 10 mA, Vee= -10V 40 % 
(Figure 1) 

•Pulse Test: Pulse Width= 300 µs; Duty Cycle= 1%. 

Printed in U.S.A. 1602 
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TYPICAL COLLECTOR AND BASE CHARACTERISTICS* 
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•Single family characteristics on transistor curve tracer. 

Oscillator Efficiency Circuit (I c 10 mA, V CB -lOV) 
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MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL 
CollectorcBase Voltage -a- Vcso 

Collector-Emitter Voltage Vern 

Emitter-Base Voltage VEBO 

Collector Current le 

Total Device Dissipation Po 
@TA= 25°c 

Storage Temperature T,+g 

Junction Temperature TJ 

Derating Factor above 25°C 
@TA= 25°c 

RATING 
-60 

-60 

-6 

-50 

0.400 

-65 to +200 

+200 

2.28 
·-

UNIT 
Volts 

Volts 

Volts 

mA 

Watts 

oc 

·c 

mW!°C 

EMITTER 

JANUARY 1968 

2N2601 

2N2602 

2N2603 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso le= -50,uA, IE= o -60 Volts 
Collector-Emitter Breakdown Voltage BVcEo le = -1 mA, 18 = 0 -60 Volts 
Emitter-Base Breakdown Voltage BVEBO le = 0, IE = -100 µA -6 Volts 
Collector Saturation Voltage VCE!satl le= -10 mA, 18 = -1 mA -0.5 Volts 
Base Saturation Voltage V BEfsatl le= -10 mA, 18 = -1 mA -0.7 -0.9 Volts 
Collector-Base Cutoff Current lcso IE= 0, Yes= -45 v -25 nA 

IE= o,_Vc8 = -45 v, TA= 150°c -25 µA 

Emitter-Base Cutoff Current IEBo le= 0, VEB = -5V -5 nA 
DC Current Gain hFE le = -1 mA, v CE = -5 v 

2N2601 12.5 
2N2602 25.0 
2N2603 50.0 

Small Signal Current Gain hie IE = 100 µA, V CB = -5 V 
2N2601 f = 1 kHz 12 
2N2602 25 
2N2603 50 
2N2601 IE= 1 mA, Vc 8 = -5 V 18 90 
2N2602 f = 1 kHz 36 90 
2N2603 76 333 
2N2601 IE= 10 mA, Vc8 = -5 V 25 
2N2602 f = 1 kHz 50 
2N2603 100 
2N2601 IE= 10 mA, Vc8 = -5 V 12 
2N2602 f = 1 kHz, TA= -55°C 25 
2N2603 50 

High Frequency Current Gain I h1e I le = -5 mA, v CE= -5 v 
2N2601 f = 20 MHz 1.0 
2N2602 2.0 
2N2603 3.0 

Output Capacitance cob IE= 0, Vc8 = -5 V, f = 140 kHz 6.0 pf 

Voltage Feedback Ratio h,b IE = 1 mA, V CB = -5 V 10-3 
f = 1 kHz 

Input Resistance hib IE= 1 mA, Vc8 = -5 V 25 35 ohms 
f = 1 kHz 

Output Conductance hob IE= 1 mA, Vc8 = -5 V µmhos 
f = 1 kHz 

Real Part of Input Impedance Re(h;.) IE = 1 mA, V CE= 5 V 200 Ohms 
f=100MHz 

Printed in U.S.A. 1603 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 
Collector-Base Voltage Vcso 
Collector-Emitter Voltage VcEo 
Emitter-Base Voltage Veso 
Collector Current le 
Total Device Dissipation Po 

@TA= 25°C 
@Tc= 25°C 

Storage Temperature Tstg 
Junction Temperature TJ 
Derating Factor above 25°C 

@TA=25°C 
@Tc= 25°C 

RATING 
-60 
-45 
-6.0 
30 

0.4 
1.2 

-65to +200 

+175 

2.28 
6.9 

UNIT 
Volts 
Volts 
Volts 
mA 

Watts 

oc 

oc 

mW/°C 

EMITTER 

JANUARY 1968 

2N2604 
2N2605 

COLLECTOR IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVcso le = 10 µA, IE = O -60 Volts 

Emitter-Base Breakdown Voltage BVEBO lc=0,IE=-10µA -6 Volts 

Collector-Emitter Sustaining Voltage VCEOfsusl• lc=-10mA,18 =0 -45 Volts 

Nonsaturated Base Voltage VBE le= -10 mA, 18 = -0.5 mA -0.7 -0.9 Volts 

Collector Saturation Voltage VCEfsatl le= -10 mA, 18 = -0.5 mA -0.5 Volts 

Collector-Base Cutoff Current lcso IE= 0, Vc8 = -45 V -10 nA 

Collector-Emitter Cutoff Current ICES VE8 =0,VcE=-45V -10 nA 
VEB = O, VcE = -45 V, TA= 170°C -10 µA 

Emitter-Base Cutoff Current IEBO le= 0, VE8 = -5 V -2 nA 

DC Current <Sain hFE 
2N2604 le = -10 µA, V CE = -5 V 40 120 
2N2605 100 300 
2N2604 le= -500 µA, VcE = -5 v 60 
2N2605 150 
2N2604 le = -10 µA, V CE = -5 V 10 
2N2605 TA= -55°C 20 
2N2604 le= -10 mA, VcE = -5 V 350 
2N2605 600 

Small Signal Current Gain h,. 
2N2604 le= -1.0 mA, VcE = -5 V 60 350 
2N2605 f = 1 kHz 150 600 

High Frequency Current Gain I h,. I le= -0.5 mA, VcE = -5 V 1.0 
f = 30 MHz 

Output Capacitance cob IE = 0, V CB = -5 V 6 pf 
f = 1 MHz 

Voltage Feedback Ratio h,b IE= -1.0 mA, Vc8 = -5 V 10 x10-• 
f = 1 kHz 

Input Resistance h;. IE = 1.0 mA, Vc8 = -5 V 25 35 ohms 

Output Conductance hoe IE = 1.0 mA, V CE = -5 V 1.0 µmhos 
f = 1 kHz 

Printed in U.S.A. 1604 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Real Part of Input Impedance Re(h;8 ) le = 1 mA, v CE = -5 v 200 ohms 

f=100MHz 

Wideband Noise Factor NF 
2N2604 f = 10 kHz 4 db 
2N2605 Source resistance= 10 k!l 3 

Equivalent noise power band-
width = 15 kHz 
le= -10 µA, Vee= -5 V 

* Pulse Test: Pulse Width = 300 µsec; Duty Cycle ~ 2% . 

....,... AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 

2N2904-2N2907, 
2N2904A, 2N2907A 

Emitter-Base Voltage 
Collector Current 

Total Device Dissipation 
@TA= 25°c 
@Tc= 2s 0 c 

Derating Factor above 25°C 
@TA= 25°c 
@Te=25°C 

Storage Temperature 

Junction Temperature 

SYMBOL 
Vceo 
Vern 

VEBO 
le 

Po 

RATING 
60 

40 
60 
5 
600 

2N2904, A 2N2906, A 
2N2905, A 2N2907, A 

0.6 0.4 
3.0 1.8 

3.43 2.28 
17.2 10.3 
-65 to +200 

-65to +200 

UNIT 
Volts 
Volts 

Volts 
mA 

Watts 

mW/°C 

·c 
·c 

2N2904, A 
2N2905, A 

3LEADS 

~DIA 

EMITTER 

JANUARY 1968 

2N2904 
THRU 

2N2907A 

2N2906, A 
2N2907,A 

COLLECTOR IS INTERNALLY CONNECTED TO CASE COl.LECTOft IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVeeo le = 10 A, IE = 0 60 Volts 

Collector-Emitter Sustaining Voltage VeEOisusl 
. 

2N2904 thru 2N2907, le = 10 mA, 18 = 0 40 Volts 
2N2904A thru 2N2907A, 60 

Emitter-Base Breakdown Voltage BVEBO 18 = 10A, le = 0 5 Volts 

Collector Saturation Voltage VeElsatl 
. le = 150 mA, 18 = 15 mA 0.4 Volts 

le = 500 mA, 18 = 50 mA 1.6 

Base Saturation Voltage V.SEisatl • le= 150mA, 18 =15 mA 1.3 Volts 
le = 500 mA, 18 = 50 mA 2.6 

Collector-Base Cutoff Current leso 
2N2904 thru 2N2907, Vee= 50 V, IE= 0 .020 µ,A 
2N2904A thru 2N2907A, .010 
2N2904 thru 2N2907, Ve8 = 50V, IE= o, TA= 150°C 20 
2N2904A thru 2N2907 A, 10 

-· 

Base Cutoff Current IBL VcE = 30 V, V8E = 0.5 V 50 nA 

Collector-Emitter Cutoff Current ICEX VcE = 30 V, V8E = 0.5 V 50 nA 

DC Current Gain hFE 
2N2904, 2N2906, le = 0.1 mA, v CE = 10 v 20 
2N2905, 2N2907, 35 
2N2904A, 2N2906A, 40 
2N2905A, 2N2907 A, 75 
2N2904, 2N2906, le = 1 mA, V CE = 10 V 25 
2N2905, 2N2907, 50 
2N2904A,2N2906A, 40 
2N2905A,2N2907A, 100 
2N2904, 2N2906, le = 10 mA, V CE = 10 V 35 
2N2905, 2N2907, 75 
2N2904A, 2N2906A, 40 
2N2905A, 2N2907A, 100 

2N2904,2N2904A,2N2906,2N2906A, le= 150 mA, VcE = 10 V* 40 120 
2N2905,2N2905A,2N2907,2N2907A 100 300 

2N2904, 2N2906, le= 500 mA, VcE = 10 V* 20 
2N2905, 2N2907, 30 
2N2904A,2N2906A, 40 
2N2905A, 2N2907 A, 50 

Printed in U.S.A. 1801 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Rise Time t. les = 150 mA, 181 = 15 mA (Figure 1) 40 nsec 

Delay Time td 'cs= 150 mA, 181 = 15 mA (Figure 1) 10 nsec 

Fall Time tf lcs = 150 mA, 181 =182 =15 mA (Figure 2) 30 nsec 

Storage Time t, 'cs = 150 mA, 181 = 182 = 15 mA (Figure 2) 80 nsec 

Turn-On Time ton lcs = 150 mA, 181 = 15 mA (Figure t) 45 nsec 

Turn-Off Time toll lcs = 150 mA, 181 =182 =15 mA (Figure 2) 100 nsec 

Output Capacitance cob Vee= 10 V, le= 0, f = 100 kHz 8 pf 

Input Capacitance cib V8e = 2 V, le= 0, f = 100 kHz 30 pf 

High Frequency Current Gain I h1. I le= 50 mA, Vee= 20V 2 
f=100MHz 

• Pulse Test: Pulse Width = 300 µsec; Duty Cycle ~ 2%. 

' 
-30 

~ 

200 

INPUT r---. TO OSCILLOSCOPE 
Zo= 50 .11 RISE TIME S 5 nSEC 
PRF= 150 PPS Z;n• IOM.11 
RISE TIME S 2 nSEC IK olJ e> 

-16V 

:...:.i 1--200 nSEC ?50 

~ = 

Figure 1. Test Circuit for Determining Delay Time and Rise Time 

15 -6 

IK ~37 
~ 

INPUT r--+ TO OSCILLOSCOPE 
Zo = 50 .11 RISE TIME s 5 nSEC 
PRF = 150 PPS Z;n= 10 M.11 
RISE TIME S 2 nSEC IK olJ <> 

-16V 

:...:.i 1--200 nSEC ~50 t.IN916 

-= ~ = 

Figure 2. Test Circuit for Determining Storage Time and Fall Time 

""""" AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



( ~~ 
MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base VoHage Vcao 

2N2453 60 Volta 
2N2453A 80 

Collector-Emitter Voltage Yero 
2N2453 30 Volta 
2N2453A 50 

Emitter-Base Voltage Yeo 7.0 Volta 
Each Side Both Sides 

Total Device Dissipation Po 
@TA= 25°C 0.2 0.3 Watts 
@Tc= 1oo•c 0.35 0.7 
@Tc= 25°C 0.6 1.2 

Storage Temperature Ts19 -65to+200 •c 

Junction Temperature TJ +200 •c 
Derating Factor above 25°C 

2N2453 1.14 mwrc 
2N2453A 1.71 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcao le= 1 O µA, IE= O 

2N2453 60 
2N2453A 80 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 0.1 µA 7.0 

Collector-Emitter Sustaining Voltage VcEorsusl 
.. le = 10 mA, 18 = 0 

2N2453 30 
2N2453A 60 

Collector Saturation Voltage VCECsatl le = 5.0 mA, 18 = 0.5 mA 

Base Saturation Voltage VBECsatl le = 5.0 mA, 18 = 0.5 mA 

Collector-Base Cutoff Current lcao 
2N2453 IE = 0, V CB = 50 V 
2N2453A IE= 0, Vea= 60 V 
2N2453 IE= O, Vc8 = 50 V, TA== 150°C 
2N2453A IE= O, Vea= 60 V, TA= 150°C 

Emitter-Base Cutoff Current IEBO le= 0, VE8 = 5.0V 

DC Current Gain hFE 
le= 10µA, VcE = 5.0V 80 
le = 10 µA, V CE = 5.0 V 40 
TA= -55°C 
le = 1.0 mA, v CE = 5.0 v 150 
le = 1.0 mA, v CE = 5.0 v 75 
TA=-55°C 

DC Current Gain Ratio hFEl/hFE2 . 
2N2453A only le= 100 µA, VcE = 5.0 v 0.9 
Both Types le = 1.0 mA, v CE = 5.0 v 0.9 
Both Types le = 1.0 mA, v CE = 5.0 v 0.85 

TA= -55°C to +125°C 

Base Voltage Differential VBEl-VBE2 le = 1.0 mA, v CE = 5.0 v 
le = 10 µA, V CE = 5.0 V 

( 

Printed in U.S.A. 2101 

JANUARY 1968 

2N2453 
2N2453A 

--t ·555 DIA r--1 .3o!5 . I 

r~ .260 
."".14a" .040 t ___LMAX. 

0 400 r f6LEAOS 
°MfN ~ ~ :m DIA. 

,370 DIA 
.335 

MAX. UNIT 

Volts 

Volts 

Volts 

1.0 Volts 

0.9 Volts 

5.0 nA 
5.0 
10 µA 
10 

2.0 nA 

600 

1.0 
1.0 
1.0 

5.0 mV 
3.0 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Base Voltage Differential Drift A(VeEi"VBE2)/AT le = 10 µA, V CE ::::: 5.0 V 

2N2453 TA= -55"C to +125°C 
2N2453A 

Small Signal Current Gain hfe le = 1.0 mA, v CE = 5.0 v 
f = 1 kHz 

High Frequency Current Gain I h1. I le = 5.0 mA, v CE = 10 v 
f = 30 MHz 

Output Capacitance cob 
2N2453 IE= 0, Vee= 10 v 
2N2453A f =·140 kHz 

Input Capacitance cib le = 0, V BE = 0.5 V 
f = 140 kHz 

Voltage Feedback Ratio h,b le= 1.0 mA, VcE = 5.0 V 
f = 1 kHz 

Reverse Voltage Peedback Ratio h,. le= 1.0 mA, VcE = 5.0 V 
f = 1 kHz 

Input Resistance h;b le= 1.0 mA, Vee= 5.0 V 
f = 1 kHz 

Input Resistance h;. le= 1.0 mA, VcE = 5.0 V 
f = 1 kHz 

Output Conductance hob le= 1.0 mA, Vee= 5.0 V 
f = 1 kHz 

Output Conductance hoe le= 1.0 mA, Vee= 5.0 V 
f = 1 kHz 

Low Frequency Noise Figure NF 
2N2453 f = 1 kHz 
2N2453A Source resistance = 1 O kn 

Equivalent noise power 
bandwidth = 200 Hz 
le = 10 µA, V CE = 5.0 V 

• The lower of the hFE readings is taken as hFEi. 
••Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 
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MIN. MAX. UNIT 

150 

2.0 

20 
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~ 10 

10 µV/"C 
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600 

8.0 pf 
4.0 
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5.0 kn 
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Collector - Base Diode Reverse 
Current versus Temperature 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@TA= 25°c 
@Tc= 25•c 

Derating Factor above 25°C 
@TA= 25•c 
@Tc= 25°C 

Storage Temperature 

Junction Temperature 

i~'lif 
·.j\t.r:·PU 

•. ··c~qs·!'~":~~1cij~o·• ~~~RElfi ..•.....•... 
• Vl:RV tow ··a1FFERENl'IAt DRIF . 

,··--;,, :· ,; ·,.,;:_>:_,,,_ '•,·.'•'C 

•LOW Noise•· 

SYMBOL RATING UNIT 

Vcao 45 Volts 

VCEO 45 Volts 

VESO 5.0 Volts 

le 30 mA 

PD ne Side Both Sides 
0.3 0.6 Watts 
0.6 1.2 

2.0 4.0 mW/°C 
4.0 8.0 

T,+9 -65 to +300 •c 

TJ +175 ·c 

ELECTRICAL CHARACTERISTICS at + 25UC (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
---~··-- ·--· 

Collector-Base Breakdown Voltage BVcso le= 10 µA, IE= 0 45 

Emitter-Base Breakdown Voltage BVEBO le = 0, IE = 10 µA 5.0 

Collector-Emitter Sustaining Voltage VcEOrsusl 
.. le = 10 mA, Is = 0 45 

Collector Saturation Voltage VcErsatl le = 10 mA, Is = 0.5 mA 

Base Saturation Voltage VSElsatl le = 10 mA, 18 = 0.5 mA 0.6 

Collector-Base Cutoff Current ICBO IE=0,Vc8 =45V 
IE= o, Vc8 = 45 v, TA= 15o•c 

Collector-Emitter Cutoff Current lcEO 18 = 0, V CE = 5.0 V 

Emitter-Base Cutoff Current IEBO le= 0, VEB = 5.0 V 

DC Current Gain hFE 
2N2639-41 le = 10 µA, V CE = 5.0 V 50 

le= 100 µA, VCE = 5.0 V 55 
le = 1.0 mA, v CE = 5.0 v 65 
le = 10 µA, V CE = 5.0 V 10 

TA= -55°c 
2N2642-44 le= 10µA, VcE = 5.0V 100 

le:; = 100 µA, V CE = 5.0 V 110 
le = 1.0 mA, v CE = 5.0 v 130 
le = 10 µA, V CE = 5.0 V 20 

TA= -55°C 

DC Current Gain Ratio hm/hFE2 
. 

2N2639, 2N2642 le = 10 µA, V CE = 5.0 V 0.9 
2N2640, 2N2643 0.8 

Base Voltage Differential VBEr-VBE2 
2N2639, 2N2642 le = 10 µA, V CE = 5.0 V 
2N2640, 2N2643 

Base Voltage Differential Drift A(V8E1-VBE2)/AT 

2N2639, 2N2642 le = 10 µA, V CE = 5.0 V 
2N2640, 2N2643 TA= -55°C to +125°C 

Small Signal Current Gain hie 
2N2639-41 le = 1.0 mA, v CE = 5.0 v 65 
2N2642-44 f = 1.0 kHz 130 

Printed in U.S.A. 2102 
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MAX. UNIT 
Volts 

Volts 

Volts 

1.0 Volts 

1.0 Volts 

10 nA 
10 µA 

10 nA 

10 nA 

300 

300 

1.0 
.1.0 

5.0 mV 
10 

10 µ V/°C 
20 

600 
600 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
High Frequency Current Gain I h1e I le= 1.0 mA, VcE = 5.0 V 4.0 

f =20 MHz 

Output Capacitance cob IE = 0, V CB = 5.0 V 8.0 pf 
f =1.0 MHz 

Voltage Feedback Ratio h,b IE= -1.0 mA, Vc8 = 5.0V 6.0 x 10-· 
f = 1.0 kHz 

Input Resistance h;b IE= -1.0 mA, Vc8 = 5.0 V 25 32 Ohms 
f = 1.0 kHz 

Output Conductance hob IE= -1.0 mA, Vc8 = 5.0 V 1.0 µmhos 
f = 1.0 kHz 

Noise Figure NF f = 10 Hz to 15.7 kHz 4.0 db 
Source Resistance = 10 k!l 
le = 10 µA, V CE = 5.0 V 

•The lower hFE reading is taken as hFEI. 
• • Pulse Conditions: Pulse Width = 300 µsec; Duty Cycle= 1 O/o • 

..,~ AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 •Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vceo 

2N2720, 21 80 Volts 
2N2722 45 

Collector-Emitter Voltage VcEO 
2N2720, 21 60 Volts 
2N2722 45 

Emitter-Base Voltage VEBO 
2N2720, 21 6.0 Volts 
2N2722 5.0 

Total Device Dissipation Po One Side Both Sides 
@TA= 25°C 0.3 0.6 Watts 
@Tc=25°C 0.6 1.2 

Derating Factor above 25°C 
@TA= 25°C 1.71 3.4 mW/°C 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. 
Collector-Base Breakdown Voltage BVceo 

2N2720, 21 le = 1 O µA, IE = O 80 
2N2722 45 

Emitter-Base Breakdown Voltage BVEBO 
2N2720, 21 le = 0, IE = 10 µA 6.0 
2N2722 5.0 

Collector-Emitter Sustaining Voltage VcEOfsusl 
.. 

2N2720, 21 le = 10 mA, 18 = O 60 
2N2722 45 

Collector Saturation Voltage Vcersatl 
2N2720, 21 le = 10 mA, 18 = 1.0 mA 1.0 
2N2722 le = 1 O mA, 18 = 0.5 mA 1.0 

Base Saturation Voltage VBEfsatl 
2N2720, 21 le = 1 O mA, 18 = 1.0 mA 0.65 0.85 
2N2722 le = 1 O mA, 18 = 0.5 mA 0.65 0.85 

Collector-Base Cutoff Current lceo 
2N2720, 21 le= 0, Vee= 60 V 10 
2N2722 IE= 0, Vee= 30 v 1.0 
2N2720, 21 IE =0, Vee= 60V, TA= 150°C 10 
2N2722 IE= 0, Vc8 = 30 V, TA= 150°C 1.0 

Collector-Emitter Reverse Current lcEO 
2N2720, 21 18 = 0, Vee= 5.0 V 10 
2N2722 2.0 

Emitter-Base Cutoff Current (EBO 
2N2720, 21 le= 0, Vee= 5.0V 10 
2N2722 1.0 

DC Current Gain hFE 
2N2722 le= 1.0 µA, VcE = 5.0 v 50 250 
2N2722 le = 10 µA, V CE = 5.0 V 100 
2N2720, 21 le= 100 µA, VcE = 5.0 v 30 120 
2N2722 125 
2N2720, 21 le = 1.0 mA, v CE = 5.0 v 35 
2N2720, 21 le = 10 mA, v CE = 5.0 v 42 

Printed in U.S.A. 2103 
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-
CHARACTERISTIC SVMSOL TEST CONDITIONS MIN. MAX. UNIT ' DC Gt1rrent Gain Ratio hFeifhFE2 

. 
2N2720 le= 100 µA, Vee= 5.0 V 0.9 1.0 
2N2721 '0.'8 1.0 
2N2722 le - 1 ;0 /LA, V CE = 5.0 V 0.9 1.0 

Base Voltage· [)lfferential1 Vl!Ei-VBE2 
~N2720 le= 100 µA, Vee= 5.0 V 5.0 i hlV 
2N2721 1'0 
2N2722 le= 10/LA, Vee= 5,QV 5.0 

..... 

Base Voltage Differential Change ~(VBEl-VBE2)1 
2N2720 ' le= 100 µA, Vee= 5.0 V 0.8 mV i 
2N2721 TA = -55°C to +25°C 1.6 
2N2722 le = 10 /LA, V CE = 5.0 V 0.8 I 

TA= -55°C to +25°C 
2N2720 le= 100 µA, Vee= 5.0 V 1.0 
2N2721 TA= 25•c to 125•c 2.0 

I 

2N2722 le = 10 /LA, V CE = 5.0 V 1.0 
TA= 25•c to 125•c 

.•. 

Small Signal Current Gain hie ' 

2N2720, 21 le= 1.0 mA, Vee= 5.0 V 30 200 
f = 1.0 kHz \ 

2N2722 le= 0.1 mA, Vee= 5.0 V 100 700 
f = 1.0 kHz 

High Frequency Current Gain I h1. I 
2N2720, 21 le = 10 mA, v CE = 10 v 4.0 
2N2722 f = 20 MHz 5.0 

Output Capacitance cob 
2N2720, 21 IE = 0, V CB = 5.0 V 6.0 pf 

f = 1.0MHz 
2N2722 IE = 0, V CB = 5.0 V 6;0 

f = 140 kHz 

Voltage Feedback Ratio h,b 
2N2720, 21 IE = 1.0 mA, V CB = 5.0 V 5.0 x 1Q1 

2N2722 f = 1.0 kHz 6.0 

Input Resistance h;b It :. 1.0 mA, V CB = 5.0 V 
f = 1.0 kHz 

25 32 Ohms 

Output Conductance hob IE = 1.0 mA, V CB = 5.0 V 1.0 .,.mhos 
f = 1.0 kHz 

Noise Figure NF f = 1 O Hz to 15. 7 kHz i 
2N2722 Source resistance= 10 k!J 4.0 db 

le = 10 /LA, V CE = 5.0 V 

• The lower hFE reading is taken as hm. 
• • Pulse Test: Pulse Width = 300 /Lsec; Du1y Cycle = 1 % . 

..,.... A~EtCO SEMltolltf1u'OrOR •A TEt1'DYN·E.C6"1PANY • 1300 Ti!rra Bella Ave.• Mountain VreW'• Calif.·~ ··l>~one (4l5) 968~9Z41 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 

2N2913, 14, 15, 15A, 16, 16A, 17, 18 
2N2919,19A,20,20A 

Collector-Emitter Voltage 
2N2913,14,15, 15A, 16, 16A, 17, 18 
2N2919,19A,20,20A 

Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA=25°C 
@Tc= 25°C 
@Tc= 100°c 

Derating Factor above 25°C 
@TA= 25°C 
@Tc= 25°C 

SYMBOL 
'Vcso 

VcEo 

'RATING 

One Side 
0.30 
0.75 
0.43 

One Side 
1.7 
4.3 

45 
60 

45 
60 
6.0 
30 
Both Sides 

0.6 
1.5 
0.86 

Both Sides 
3.4 
8.6 

liJNIT 

Volts 

Volts 

Volts 
mA 

Watts 

mW!°C 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso 

2N2913,14,15,15A,16,16A,17, 18 le = 10 µA, IE = 0 45 
2N2919, 19A,20,20A 60 

Emitter-Base Breakdown Voltage BVEBO le= 0, IE= 10 µA 6.0 

Collector-Emitter Sustaining Voltage VcEOfsusl ** 
2N2913,14,15, 15A, 16, 16A,17, 18 le = 10 mA, 18 = 0 45 
2N2919,19A,20,20A 60 

Collector Saturation Voltage VcErsall le= 1.0 mA, 18 = 0.1 mA 

Nonsaturated Base Voltage VBEiONl le= 0.1 mA, VCE = 5.0 v 
Collector-Base Cutoff Current lcso 

2N2913, 14, 15, 15A, 16, 16A, 17, 18 IE= 0, Vc6 = 45 V 
2N2919,19A,20,20A 

IE= o, Vcs = 45 v, TA= 150°c 

Collector-Emitter Reverse Current lcEO 18 = 0, V CB = 5.0 V 

Emitter-Base Cutoff Current !EBO le = 0, V EB = 5.0 V 

DC Current Gain hFE 
2N2913,15, 15A,17,19,19A le= 10 µA, VcE = 5.0 v 60 
2N2914, 16, 16A,18,20,20A 150 

2N2913, 15,15A,17,19, 19A le= 100 µA, VcE = 5.0 v 100 
2N2914,16, 16A, 18,20,20A 225 

2N2913,15, 15A,17,19, 19A le = 1.0 mA, v CE = 5.0 v 150 
2N2914, 16, 16A,18,20,20A 300 

2N2913, 15, 15A, 17, 19, 19A 15 
2N2914, 16, 18, 20 le == 10 µA, V CE = 5.0 V 30 
2N2916A,20A TA= -55°C 40 

DC Current Gain Ratio hFEI /hm * 
2N2915, 15A, 16; 16A, 19, 19A, 20, 20J le== 100 µA, VCE = 5.0 V 0.9 
2N2917, 18 0.8 
2N2915A, 16A, i9A, 20A le= 100 µA, VcE = 5.0 v 0.85 

TA= ~55°C to +125°C 

Printed in· U.S.A'. 2104 
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MAX. UNIT 

Volts 

Volts 

Volts 

0.35 Volts 

0.7 Volts 

10 nA 
2.0 
10 µA 

2.0 nA 

2.0 nA 

240 
600 

1.0 
1.0 
1.0 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Base Voltage Differential Vee1-VBE2 

2N2915, 16, 19, 20 le= 10 µA to 1.0 mA, Vee= 5.0 V 
2N2917, 18 
2N2915A,16A,19A,20A 
2N2915, 16, 19, 20 le= 100 µA, Vee= 5.0 V 
2N2917, 18 
2N2915A, 16A, 19A, 20A 

Base Voltage Differential Change A(Vee1-VBE2) 
2N2915, 16, 19, 20 le= 100 µA, Vee= 5.0 V 
2N2915A,16A,19A,20A TA = -55°C to 125•c 
2N2917, 18 
2N2915, 16, 19, 20 le= 100 µA, Vee= 5.0 V 
2N2915A,16A,19A,20A TA= 25•c to 125°C 
2N2917, 18 

High Frequency Current Gain I h1e I le= 0.5 mA, Vee= 5.0 V 
f = 20MHz 

Output Capacitance cob IE= o, Vee= 5.0 v 
f = 140 kHz 

Input Capacitance C;b le = 0, V BE = 5.0 V 
2N2915A,16A,19A,20A f = 1.0MHz 

Input Resistance h;b le= 1.0 mA, Vee= 5.0 V 
f = 1.0 kHz 

Output Conductance hob le= 1.0 mA, Vee= 5.0 V 
f = 1.0 kHz 

Noise Figure NF f = 1.0 kHz 
2N2913, 15, 15A, 17, 19, 19A Source resistance = 10 kD 
2N2914,16,16A,18,20,20A Equivalent noise power 

bandwidth = 200 Hz 
le = 10 µA, V CE = 5.0 V 

2N2913,15,15A,17,19,19A f = 10 Hz to 10 kHz 
2N2914,16,16A,18,20,20A Source resistance = 1 O kD 

Equivalent noise power 
bandwidth= 15.7 kHz 
le= 10µA, Vee= 5.0V 

* Lowest of the two hFE readings is taken as hFei for purposes of this ratio. 
**Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 
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MIN. MAX. UNIT 

3.0 

25 

< 

.. 
18 

16 

E 14 

~ 12 

5 ID 

" a 8 

~ 6 

" 

• 

5.0 mV 
10 
2.0 
3.0 
5.0 
1.5 

0.8 mV 
0.4 
1.6 
1.0 
0.5 
2.0 

6.0 pf 

10 pf 

32 Ohms 

1.0 µmhos 

4.0 db 
3.0 

4.0 
3.0 
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MAXIMUM RATINGS 

RATJ'NG. ' 

CHARACTERISTIC SYMBOL 
: 2N2972'to 2N2978- UNIT 

2N2977 2N2979 i 

Collector-Base Voltage Vcso 45 60 ' Volts 
Collector-Emitter Voltage Vceo 45 60 Volts 
Emitter-Base Voltage VEBO 6.0 6.0 Volts 
Collector Current le 30 mA 
Total Device Dissipation Po 

@TA= 25•c 0.3 Watts 
@Tc=25°C 0.75 
@Tc= 100°c 0.43 

Storage Temperature Tstg -65to +200 ·c 

Junction Temperature TJ +200 •c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso 

2N2972-2N2977 le= 10 µA, le= O 45 
2N2978, 2N2979 60 

Emitter-Base Breakdown Voltage BVEBO le = 0, le = 1 O µA 6.0 

Collector-Emitter Sustaining Voltage Vceorsusl * 
2N2972-2N2977 le = 10 mA, 18 = 0 45 
2N2978, 2N2979 60 

Collector Saturation Voltage VcErsall le== 1.0 mA, 18 = 0.1 mA 

Nonsaturated Base Voltage VBElonl le= 0.1 mA, Vee= 5.0 V 

Collector-Base Cutoff Current lcso 
2N2972-2N2977 le= 0, Vcs = 45 V 
2N2978, 2N2979 
2N2972-2N2979 le= o, Vcs = 45 v, TA= 15o•c 

Collector-Emitter Cutoff Current lcEO Is = 0, V CE = 5.0 V 

Emitter-Base Cutoff Current IEBO le= 0, VEB = 5.0 V 

DC Current Gain hFE 
2N2972, 74, 76, 78 le = 10 µA, V CE = 5.0 V 60 
2N2973, 79 150 
2N2975, 77 150 
2N2972, 74, 76, 78 le= 100 µA, Vee= 5.0 V 100 
2N2973, 75, 77, 79 225 
2N2972, 74, 76, 78 le = 1.0 inA, V CE = 5.0 V 150 
2N2973, 75, 77, 79 300 
2N2972, 74, 76, 78 le = 10 µA, V CE = 5.0 V 15 
2N2973, 75, 77 TA= -ss•c 30 
2N2979 40 

DC Current Ratio hFE1/hFE2 * 
2N2974, 75, 78, 79 le= 100 µA, Vee= 5.0 V 0.9 
2N2976, 77 ·a.a 

Base VOitage Differential VBEl-VBEZ 
2N2974, 75, 78, 79 le= 10µ.Ato 1.0'mA, VcE = 5.0V. 
2N2976, 77 
2N2974, 75, 78, 79 le== 100 µA, Vee= 5.0 V 

( 2N2976, 77 

Printed in U.S.A. 2105 
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2N2972 
THRU 

2N2979 

MAX. UNIT 

Volts 

Volts 

Volts 

0.35 Volts 

0.7 Volts 

10 nA 
2.0 
10 µA 

2.0 nA 

2.0 nA 

240 
600 

LO 
1.0 

'5.-0 mV 
10 
3:-0 
5.o 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Base Voltage Differential Change A!Vee1-VeE2l 

2N2974, 75, 78, 79 le= 100 µA, Vee= 5.0 V 
2N2976, 77 TA = -55°C to +25°C 
2N2974, 75, 78, 79 le= 100 µA, Vee= 5.0 V 
2N2976, 77 TA= 25•c to 125•c 

High Frequency Current Gain I hie I le= 0.5 mA, Vee= 5.0 V 
f = 20MHz 

Output Capacitance cob le = 0, V CB = 5.0 V 
f = 140 kHz 

Input Resistance h;b le = 1.0 mA, v CE = 5.0 v 
f = 1.0 kHz 

Output Conductance hob le= 1.0 mA, Vee= 5.0 V 
f = 1.0 kHz 

Noise Figure NF f = 1.0 kHz 
2N2972, 74, 76, 78 Source resistance= 10 kfl 
2N2973, 75, 77, 79 Equivalent noise power 

bandwidth = 200 Hz 
le= 10µA, Vee= 5.0V 

f = 10 Hz to 10 kHz 
2N2972, 74, 76, 78 Source resistance= 10 kfl 
2N2973, 75, 77, 79 Equivalent noise power 

bandwidth = 15.7 kHz 
le= 10 µA, Vee= 5.0V 

* Lowest of the two hFe readings is taken as hFei for purposes of this ratio. 
* * Pulse Test: Pulse Width = 300 µsec; Duty Cycle = 1 % . 

MIN. MAX. 

0.8 
1.6 
1.0 
2.0 

3.0 

6.0 

25 32 

1.0 

4.0 
3.0 

4.0 
3.0 
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( 2N3680 

MAXIMUM RATINGS 

CHARACTERISTIC RATING RATING UNIT 
Collector-Base Voltage Vcso 60 Volts 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Base Voltage VEBO 6.0 Volts 
Each Side Both Sides 

Collector Current le 30 - mA 

Total Device Dissipation Po 
@TA= 25°C 0.3 0.6 Watts 
@Tc= 25°C 0.6 1.2 

Storage Temperature Tstg -65to +200 oc 

Junction Temperature TJ +175 oc 

Derating Factor above 25°C 
mwrc @TA= 25°C 2.0 4.0 

ELECTRICAL CHARACTERISTICS at + 25" C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Collector-Base Breakdown Voltage BVceo le = 10 µA, le = 0 60 Volts 

Emitter-Base Breakdown Voltage BVEBO le= 0, IE= 10 µA 60 Volts 

Collector-Emitter Sustaining Voltage VCEO!susl 
.. le = 10 mA, 18 = 0 50 Volts 

Nonsaturated Base Voltage VBElonl le = 10 mA, v CE = 5.0 v 0.6 0.8 Volts 

Collector Saturation Voltage Vcersatl le = 10 mA, v CE = 0.5 v 0.7 Volts 

Collector-Base Cutoff Current lceo IE = 0, V CB = 45 V 10 nA 
le= 0, Vee= 45 V, TA= 150°C 10 µA 

Collector-Emitter Cutoff Current lcEO 18 = 0, Vee= 5.0V 10 nA 

DC Current Gain hFE le = 1 .0 µA, V CE = 5.0 V 80 
le = 10 µA, V CE = 5.0 V 150 600 
le = 10 µA, V CE = 5.0 V 45 

TA=-55°C 
le= 100 µA, Vee= 5.0 V 225 
le= 1.0 mA, Vee= 5.0 V 300 

DC Current Gain Ratio hFEl/FE2 
. le = 1.0 µA, V CE = 5.0 V 0.9 1.0 

le = 10 µA, V CE = 5.0 V 0.85 1.0 
TA= -55°C to +125°C 

Base Voltage Differential VBEl-VBEZ le = 10 µA, V CE = 5.0 V 3.0 mV 

Base Voltage Differential Change ll(VBEl-Veez)/llT le= 10 µA, Vee= 5.0 V 0.4 mV 
TA = -55°C to +25°C 
le = 10 µA, V CE = 5.0 V 0.5 
TA= 25°C to 125°C 

Small Signal Current Gain hre le = 1.0 mA, v CE = 5.0 v 300 900 
f = 1 kHz 

High Frequency Current Gain hre le= 0.5 mA, Vee= 5.0 V 2.0 6.0 
f= 30 MHz 

Output Capacitance cob le= 0, Vee= 5.0V 6.0 pf 
f = 1 MHz 

Input Capacitance C;b le = 0, V BE = 0.5 V 6.0 pf 

( 
f = 1 MHz 

Printed in U.S.A. 2106 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Reverse Voltage Feedback Ratio hre le= 1.0 mA, Vee= 5.0 V 

f=1kHz 
10 x10-• 

Input Resistance h;. le = 1.0 mA, v CE = 5.0 v 
f=1kHz 

7.5 24 kohms 

Output Conductance hoe le= 1.0 mA, Vee= 5.0 V 
f = 1 kHz 

45 µmhos 

Noise Figure NF f = 15.7 kHz 3.0 db 
Source resistance = 10 kll 
le = 10 µA, V CB = 5.0 V 

*The lower reading is taken as hFei· 
**Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 

"""' AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage (R8E ;:=_; 1012) 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@TA= 25°C 
@Tc=25°C 
@Tc~ 100°c 

Derating Factor above 25°C 
@TA= 25°C 
@Tc=25°C 

Storage Temperature 

Junction Temperature 

SYMBOL 
VcBO 
Vcm 
VCER 
VEBO 
I' c 
PD 

T,19 

TJ 

RATING UNIT 
100 Volts 
60 Volts 
80 Volts 
7 Volts 

500 mA 
One Side Both Sides 

0.5 0.6 Watt 
1.6 3.0 
0.9 1.7 

One Side Both Sides 
2.86 3.43 mW!°C 
9.1 17.2 
-65 to +300 oc 

+200 oc 

ELECTRICAL CHARACTERISTICS at +25"C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVceo le = 100 µA, IE = O 100 

Collector-Emitter Sustaining Voltage VCEO!susl * le = 30 mA, 18 = 0 60 

Collector-Emitter Sustaining Voltage VCER(susl * le= 100 mA, R8E ;:=_; 1012 80 

Emitter-Base Breakdown Voltage BVEBO IE = 100 µA, le = 0 7 

Collector-Base Cutoff Current lceo Vee= 80 v, IE= 0 
Vee= 80V, IE= 0, TA= 150°C 

Emitter-Base Cutoff Current IEBo VEB = 5 V, le= O 

DC Current Gain hFE le = 10 µA, V CE = 5 V 15 
le= 100 µA, VCE = 5 V 25 
le= 10 mA, VCE = 5 v 50 

DC Current Gain Ratio hFEI /hm ** 
2N2223A le = 100 µA, V CE = 5 V 0.9 
2N2223 0.8 

Base Voltage Differential IVBEl-VBE21 
2N2223A le = 100 µA, V CE = 5 V 
2N2223 

Base Voltage Differential Drift A(VBEl-VBE2)/AT le = 100 µA, V CE = 5 V 
TA= -55°C to +125°C 

Collector Saturation Voltage V CE!satl le = 50 mA, 18 = 5 mA 

Base Saturation Voltage VBE!satl le = 50 mA, 18 = 5 mA 

Small Signal Current Gain hie le= 1 mA, VCE = 5 V, f = 1 kHz 40 

High Frequency Current Gain I h1e I le= 50 mA, VeE = 10 V, f = 20 MHz 2.5 

Output Capacitance cob IE= 0, Ve8 =10V, f = 140 kHz 

Input Capacitance C;b le= 0, V8E = 0.5 V, f = 140 kHz 

Input Resistance h;b le= 1 mA, Vee= 5 V, f = 1 kHz 20 

Output Conductance hob le= 1 mA, Ve8 = 5 V, f = 1 kHz 

Voltage Feedback Ratio h,b le= 1 mA, Vc8 = 5 V, f = 1 kHz 

d *The lower of the two hFE readings is taken as hFEI. 
I\ * * Pulse Test: Pulse Width :<:::; 300 µsec; Duty Cycle= 1 %. 

Printed in U.S.A. 2301 
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MAX. UNIT 
Volts 

Volts 

Volts 

Volts 

.010 µA 
15 

10 nA 

150 
200 

1.0 
1.0 

5 mV 
15 

25 µV!°C 

1.2 Volts 

0.9 Volts 

200 

15 pf 

85 pf 

30 Ohms 

0.5 µmhos 

300 x10-• 





( 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vcao 30 Volts 
Collector-Emitter Voltage Vceo 15 Volts 
Emitter-Base Voltage VEBO 3.0 Volts 
Collector Current le 50 mA 
Total Device Dissipation Po Each Side Both Sides 

@TA=25°C 0.3 0.6 Watts 
@Tc= 1oo•c 0.25 0.5 
@Tc=25°C 0.6 1.2 

Derating Factor above 25°C Each Side Both Sides 
@TA= 25•c 1.7 3.4 mW/°C 
@Tc=25°C 3.4 6.8 

Storage Temperature Tstg -65to+200 •c 

Junction Temperature TJ +200 ·c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVceo le = 1.0 µA, le = 0 30 
Emitter-Base Breakdown Voltage BVEBO le = 0, le = 1 O µA 3.0 
Collector-Emitter Sustaining Voltage VcEOfsusl 

. le = 3.0 mA, 18 = O 15 
Collector Saturation Voltage V CErsatl le= 10mA,18 =1.0 mA 
Base Saturation Voltage VBElsatl le = 10 mA, 18 = 1.0 mA 
Collector-Base Cutoff Current fceo fe=0,Vc8 =15V 

le= o, Vc8 =15V, TA= 15o•c 
Emitter-Base Cutoff Current fEBO le= 0, Vee= 3.0V 
DC Pulse Current Gain hFE 

. le= 3.0 mA, Vee= 3.0 V 20 
DC Current Gain Ratio hFEl/hFE2 

.. le= 3.0 mA, Vee= 3.0 V 
2N3423 0.8 
2N3424 0.9 

Base Voltage Differential VBEl-VBE2 
2N3423 le= 3.0 mA, Vee= 3.0 V 
2N3424 

Base Voltage Differential Change L!.(Vee1-VBE2)/L!.T 
2N3423 le= 3.0 mA, Vee= 3.0 V 
2N3424 TA = -55°C to +25°C 
2N3423 le= 3.0 mA, Vee= 3.0 V 
2N3424 TA= +25°C to +125°C 

High Frequency Current Gain I h1. I le= 4.0 mA, Vee= 10 V 6.0 
f = 100 MHz 

Output Capacitance cob fe=0,Vce=10V 
f=140kHz 

le= 0, Vc8 = O 
f=140kHz 

Input Capacitance C;b le = 0, V BE = 0.5 V 
f = 140 kHz 

Input Resistance h;. le= 3.0 mA, Vee= 3.0 V 
f = 350 kHz 

Low Frequency Noise Figure NF f = 60 MHz 
Source Resistance = 400!! 
le= 1.0 mA, Vee= 6.0 V 

•Pulse Test: Pulse Width= 300 µsec; Duty Cycle= 1%. 

( 
• • Lowest of the two hFE readings is taken as hFEI for purposes of this ratio. 
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MAX. UNIT 
Volts 
Volts 
Volts 

0.4 Volts 
1.0 Volts 
10 nA 
1.0 µA 

10 µA 

200 

1.0 
1.0 

10 mV 
5.0 

3.2 mV 
1.6 
4.0 
2.0 
12 

1.7 pf 

3.0 

2.0 pf 

45 ohms 

3.5 (typ.) db 





MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Collector-Base Voltage Vcso 60 Volts 

Collector-Emitter Voltage VcEO 45 Volts 

Emitter-Base Voltage VEBO 6 Volts 

Collector Current le 30 mA 

Total De:vice mssipation Po Each Side Both Sides 
@TA= 25°c 300 600 mW 
@Tc=25°C 0.6 1.2 

Storage Temperatu·re T,+g -65to +200 ·c 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso le = 10 µA, IE = 0 60 

Collector-Emitter Breakdown Voltage BVcEo le = 10 mA, 18 = 0 45 

Emitter-Base Breakdown Voltage BVEBO IE=10µA,lc=0 6 

Base-Emitter Voltage VBE le = 10 mA, v CE = 5 v 
Collector Saturation Voltage VcErsatl le= 10 mA, 18 = 0.5mA 

Collector~Base Cutoff Current lcso Vc8 =45V,IE=0 
Vc8 = 45 v, IE= o, TA= 150°C 

Emitter-Base Cutoff Current IEBo VEB=6V,lc=0 

DC Current Gain hFE 
:. 2N3347, 48, 49 le = 10 µA, V CE = 5 V 40 

2N3350, 51, 52 le = 10 µA, V CE = 5 V 100 
2N3347, 48, 49 le = 1.0 mA, v CE = 5 v 60 
2N3350,51,52 le = 1.0 mA, v CE = 5 v 150 

DC Current Gain Ratio hFEl/hm * •I lc=10µA,VcE=5V 
2N3347, 50 0.9 
2N3348, 51 •I 0.8 
2N3349, 52 0.6 

Base~Emitter ·Voltage Differential VBEl-VBE2 le= 10µA, VcE = 5V 
2N3347,50 
2N3348, 51 
2N3349, 52 

Base-Emitter Voltage Differential Change A(V BEl-VBE2)/ iff lc=10µA,VcE=5V 
2N3347, 50 r 1 = 25•c, r 2 = -55°c 
2N3348,51 
2N3349,52 

Base-Emitter Voltage Differential Change A(V8E1-VBE2)/AT le = 10 µA, V CE = 5 V 
2N3347, 50 r 1 = 25°C, r 2 = 125°c 
2N3348, 51 
2N3349, 52 

High. Frequency Current Gain I rnr •. 1 le = 1.0 mA, v CE = 5 v l 2.0 
.f=30MHz 

Printed in U.S.A. 2601 
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0.5 

10 
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0.8 
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Volts 

Volts 

Volts 

Volts 

nA 
µA 

nA 

mV 

mV 

mV 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Small Signal Current Gain hfe le= 10 mA, Vee= 5 V 

2N3347, 48, 49 f = 1 kHz 60 600 
2N3350, 51, 52 150 600 

Output Capacitance cob Vee= 5 V, f = 1 MHz 6 pf 

Output Capacitance cib Vee= 0.5V, f = 1 MHz 8 pf 

Output Admittance hoe le = 1.0 mA, v CE = 5 v 100 µmhos 
f = 1 kHz 

Input Impedance h;. le = 1.0 mA, v CE = 5 v 
2N3347, 48, 49 f=1kHz 1.5 2.0 Kohms 
2N3350, 51, 52 3.7 2.0 

*The lowest hFe reading is taken as hFei for this ratio . 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 

Total Device Dissipation 
@T,. =25°C 

Dersting Factor above 25°C 
@T,. =25°C 

SYMBOL 

VEBO 

Storage Temperature T,tg 
Junction Temperature TJ 
Lead Temperature 1/16 Inch 
from case, 10 seconds max. 

RATING 

2N3800 
thru 

2N3805 
Each Both 
Side Sides 
250 360 

1.5 2.1 

60 
60 
5 
50 

2N3806 
thru 

2N3811 
Each Both 
Side Sides 
500 600 

2.9 3.4 
-65to+200 

+200 

+230 

2N3800 thru 2N3805 
UNIT 
Volts 
Volts 
Volts 
mA 

mW 

mW/"C 
•c 
•c m 
•c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcso le= 10µA, IE= O 60 

Collector-Emitter Breakdown Voltage BVcEO le= 10mA, 18 = O 60 

Emitter-Base Breakdown Voltage BVEBO IE= 10µA, le= O 5 

Base Emitter "ON" Voltage VBECONI le= 100µ~, VcE = 5 V 

Collector Saturation Voltage VcErsatl 
. le= 100µA, 18 = 10 µA 

le = 1 mA, 18 = 100 µA 

Base Saturation Voltage VBECsatl • le= 100µA, 18 = 10 µA 
le = 1 mA, 18 = 100 µA 

Collector-Base Cutoff Current fcso Vc8 = 50 V, IE= 0 
Vc8 = 50 V, IE= O, TA= 150°C 

Emitter-Base Cutoff Current (EBO VE8 = 4 V, le= O 

DC Current Gain hFE 
. 

2N3801,03,05,07,09,11 le= 1 µA, VcE = 5 v 75 
2N3800,02,04,06,08,10 le = 10 µA, V CE = 5 V 100 
2N3801,03,05,07,09,11 225 
2N3800,02,04,06,08,10 le= 100 µA, VcE = 5 v 150 
2N3801,03,05,07,09,11 300 
2N3800,02,04,06,08,10 le = 100 µA, V CE = 5 V 75 
2N3801,03,05,07,09,11 TA= -55°C 150 
2N3800,02,04,06,08,10 le = 500 µA, VcE = 5 V 150 
2N3801,03,05,07,09,11 300 
2N3800,02,04,06,08,10 le = 1 mA, v CE = 5 v 150 
2N3801,03,05,07,09,11 300 
2N380p,02,04,06,08,10 le = 10 mA, v CE = 5 v 125 
2N3801,03,05,07,09,11 250 

DC Current Gain Ratio hFEl/hm .. 
2N3802, 03, 08, 09 le = 100 µA, V CE = 5 V 0.8 
2N3804, 05, 10, 11 0.9 
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2N3800 
THRU 

2N3811 

2N3806 thru 2N3811 
I ~DIA. I 

.. r:-n 
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MIN ~ ~ ~DIA. 

.2IO ~DIA 
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Volts 

Volts 

Volts 

0.7 Volts 

0.2 Volts 
0.25 

0.7 Volts 
0.8 

0.010 µA 
10 

20 nA 

450 
900 

450 
900 
450 
900 

1.0 
1.0 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. 
"' ,_. ,, 

Base Voltage Differential I Vse1-Vee2 I 
2N3802,03,08,09 le= 10µA to 10mA, Vee= 5V 8 
2N3804, 05, 10, 11 5 
2N3802, 03, 08, 09 le= 100 µA, Vee= 5 V 5 
2N3804, 05, 10, 11 3 

Base Voltage Differential Change .6.CVae1-Vee2ll AT 
2N3802, 03, 08, 09 le= 100µA, Vee= 5 V 1.6 
2N3804, 05, 10, 11 TA= -55°C to +25°C 0.8 
2N3802, 03, 08, 09 le= 100µA, Vee= 5V 2.0 
2N3804, 05, 10, 11 TA = 2.5°C to 125°C 1.Q 

High Frequency Current Gain I hr. I le= 500 µA, Vee= 5 V, f = 30 MHz 1.0 ' 

le= 1 mA, Vee :i.: 5 V, f = 100 MHz 1.0 5 
... 

Small Signal Current Gain h1. 
2N3800,02,04,06,08,1Q lc=.1 mA,Vce=10V,f=1 kHz 150 600 
2N3801,03,05,07,09, 11 300 900 

Output Capacitance .Cob Vc8 = 5 V, le= 0, f = 100 kHz 4 

Input Capacitance cib Ve8 = 0.5 V, le= 0, f = 100 kHz. 8 

Voltage Feedback Ratio h •• le= 1.0 mA, Vee= 10V, f = 1 kHz 25 

Input Resistance ~i'O i 2N3800,02,04,06,08,10 le= 1.0 mA, Vee= 10V, f = 1 kHz i 3 15 
2N3081,03,05,07,09, 11 10 40 

Output Conductance ' hoe le= 1.0 mA, Vee= 10V, f = 1 kHz 5 60 

Noise Figure NF 
2N3800,02,04,06,08,10 le = 100 µA, v CE = 10 v, Rs = 3 kll 7 
2N3801,03,05,07,09,11 f = 100 Hz, BW = 20 Hz 4 
2N3800,02,04,06,08,10 f = 1 kHz, BW = 200 Hz 3 
2N380:1, 03, 05, 07, 09, 11 1.5 
2N3800,02,04,06,08,10 f=10kHz,BW=2kHz 2.5 
2N3801,03,05,07,09,11 1.5 
2N3800,02,04,06,08,10 Noise Bandwidth 10 Hz to 10 kHz 3.5, 
2N3801,03,05,07,09,11 BW = 15.7 kHz 2.5 

• Pulse Test :::; 300µsec, duty cycle :::; 2% 
* • The lowest hFE reading is taken as hFEI for this ratio 

Noise Figure vs Frequency and Source Resistance 
2N3800 02 04, 06 08 10 

14 ~-NFVERSU;R9° 1 
~--NF VERSUS I 

14 .--..,.-,r--r-.2~N380f-'-'"~'f-03,'+0S,'"'TO~"'r0"T9,~ll--.-..--T"""TT 
- NF VERSUS Ro I v 

.• --•. NF VERSUS I Li1_ 

0.1 0.20.3 0.50!7 1.0 2'3 5 7 10 20 50 5070!00 

f,FREQUENCY(kHz)AND R9 SOURCE RESISTANCE(kr' .. ""11 
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UNIT 
... 

mV 

mV 

pf 

pt 

x~.o-• 

! 

Kohms 

µ mhos 

db 



( 

( 

~~· 
MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Collector-Base Voltage Vcao 
Collector-Emitter Voltage Vceo 
Emitter-Base Voltage VEBO 

Collector Current le 
Total Device Dissipation Po 

@TA= 25°C 
@Tc= 25°C 

Storage Temperature Tstg 
Junction Temperature TJ 
Derating Factor above 25°C 

@TA=25°C 
@Tc=25°C 

4017 
-45 
-45 
6 

RATING 
401B 
-60 
-60 
6 

4019 
-BO 
-BO 
6 

Each Side Both Sides 
200 

0.4 
O.B 

0.6 
1.3 

-65to+200 

2.28 
4.57 

+200 

3.4 
7.4 

UNIT 

Volts 
Volts 
Volts 

mA 

Watts 

mW/°C 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Collector-Base Breakdown Voltage BVcao le= 10 µA, le= O 

2N4017 BO 
2N401B 60 
2N4019 45 

Collector-Emitter Breakdown Voltage BVceo le = 5.0 mA, 18 = O 
2N4017 BO 
2N401B 60 
2N4019 45 

Emitter-Base Breakdown Voltage BVeao le= 10 µA, le= 0 6.0 

Base Saturation Voltage VBE!satl le = 10 mA, 18 = 0.5 mA 
le = 50 mA, 18 = 5.0 mA 

Collector Saturation Voltage Vce1sat1 le = 10 mA, 18 = 0.5 mA 
le = 50 mA, 18 = 5.0 mA 

Collector-Base Cutoff Current lceo 
2N4017 Vc8 =70V,le=O 
2N401B Vc8 = 50V, le= O 
2N4019 Vea= 30 V, le= O 
2N4017 Vc8 = 1o·v, le= o, TA= 125°C 
2N401B Vc8 = SOV, le= 0, TA= 125°C 
2N4019 V ca = 30 V, le = O, TA = 125°C 

Emitter-Base Cutoff Current leeo Vea= 4.0 V, le= 0 

DC Current Gain hFE 
2N4017, 2N401 B le = 1.0 µA, V CE = 5 V 60 
2N4019 1BO 
2N4017 le = 10 µA, V CE = 5 V 100 
2N4018 100 
2N4019 250 
2N4017, 2N4018 le = 100 µA, V CE = 5 V 100 
2N4019 250 
2N4017 le= 1.0 mA, Vee= 5 V 100 
2N4018 100 
2N4019 250 
2N4017, 2N4018 le = 10 mA, v CE = 5 v 100 
2N4019 200 
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2N4017 
2N4018 
2N4019 

MAX. UNIT 

Volts 

Volts 

Volts 

0.9 Volts 
0.95 

0.25 Volts 
0.4 

10 nA 
10 
10 
10 µA 
10 
10 

10 nA 

350 
500 
500 

500 
600 
600 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. _:_:_MAX. UNIT 
DC Current Gain hFE 

2N4017, 2N4018 le = 50 mA, v CE = 5 v 90 
2N4019 180 
2N4017 le= 1.0 mA, VcE = 5 V 600 
2N4018, 2N4019 TA= 100°c 800 
2N4017, 2N4018 le= 10JLA, VcE = 5 v 40 
2N4019 TA= -55°c 100 
2N4017, 2N4018 le = 50 mA, v CE = 5 v 40 
2N4019 TA= -55°c 80 
2N4017 le = 1.0 mA, v CE = 5 v 100 550 
2N4018 TA= -55°c 100 700 
2N4019 250 700 

High Frequency Current Gain I h1. I 
2N4017, 2N4018 le = 0.5 mA, v CE = 5 v 2.0 8.0 
2N4019 f = 20 MHz 2.5 8.0 

Output Capacitance cob V cs = 5.0 V, f = 1.0 MHz, IE = 0 6.0 pf 

Small Signal Feedback Ratio hre le = 1.0 mA, v CE = 5 v 10 x10-• 
f = 1 kHz 

Input Impedance h;. 
2N4017 le = 1.0 mA, v CE = 5 v 2.5 17 Kohms 
2N4018 f = 1 kHz 2.5 20 
2N4019 6.0 20 

Output Conductance hoe 
2N4017 le = 1.0 mA, v CE = 5 v 5 40 µmhos 
2N4018, 2N4019 f = 1 kHz 5 40 

Noise Figure NF le= 20 JLA, VcE = 5 v 
2N4017, 2N4018 f = 1 kHz, BW = 150 Hz 3 db 
2N4019 Rg = 10 kll 2 

le = 20 µA, V CE = 5 V 
2N4017, 2N4018 f = 100 Hz, BW = 15 Hz 10 
2N4019 Rg = kll 4 
2N4019 le = 20 JLA, V CE = 5 V 8 

f = 10 Hz, BW = 2 Hz 
Rg = 10 kll 

""" AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 
RATING 

UNIT 2N3069-71 2N3368-70 

Total Device Dissipation PD 
@TA= 25°C 350 300 mW 

Derating Factor above 25°C 
@TA= 25°C 2.0 2.4 mW/°C 

Storage Temperature Tstg -65 to +300 -65to +175 oc 

Junction Temperature TJ 200 150 oc 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain-Gate Breakdown Voltage BVDGO 

2N3069-71 10 = 1.0 µA, Is = 0 50 
2N3368-70 40 

Total Gate Leakage Current IGSS 
2N3069-71 VGS = -30V, Vos= 0 
2N3368-70 
2N3069-71 VGs=-30V,V0s=0 

TA= 150°C 
2N3368-70 VGS = -30V, Vos= 0 

TA= 100°c 

Saturation Current loss 
2N3068 V0s = 30V, VGs = 0 2.0 
2N3069 2.0 
2N3369, 2N3070 0.5 
2N3370, 2N3071 0.1 

Pinch Off Voltage VP 
2N3069 V0s = 30V, 10 =1.0 nA 
2N3070 
2N3071 
2N3368 
2N3369 
2N3370 

Transconductance gm 
2N3368 Vos= 30V, VGS = 0 1000 
2N3069 f = 1.0 kHz 1000 
2N3070 750 
2N3369 600 
2N3071 500 
2N3370 300 

Output Conductance gas 
2N3069 V0s = 30V, VGs = 0 
2N3070 
2N3071 

Output Capacitance cos 
2N3069-71 V0s = 30 V, VGs = 0 

Printed in U.S.A. 3101 
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2N3069-71 
2N3368-70 

j:Ws-01A., y-Q .~ 
.170 +- ___["".030MAX. 

.500J,IN ~ ~ [' LEAOS j_ ~ ~ :SFt DIA. 

.. ~OIA. 

DRAIN 

GATE 

GATE IS INTERNALLY CONNECTED TO CASE 

MAX. UNIT 

Volts 

1.0 nA 
5.0 
1.0 µA 

1.5 

10 mA 
12 
2.5 
0.6 

10 Volts 
5.0 
2.5 
12 
7.0 
3.5 

2500 µmhos 
4000 
2500 
2500 
2500 
2500 

80 µmhos 
30 
7.0 

1.5 pf 



CHARACTERISTIC 
Input Capacitance 

2N3069 
2N3070 
2N3071 

Drain-Gate Capacitance 
2N3069 
2N3070 
2N3071 
2N3368 
2N3369 
2N3370 

Source-Gate Capacitance 
2N3069 
2N3070 
2N3071 
2N3368 
2N3369 
2N3370 

Noise Figure 
2N3069 

2N3070 

2N3071 

10.0 
2N3069 

! 8.0 

TA=25"C 

... z r•o 
r·o 
..!:'2.0 

0 

-2.5 -2l0 Vss•OV 

~ -o.s_, 

~ 
I 

i-1 -1.0 

-1.5-1 

I 
0 10.0 20.0. 30.0 40.0 50.0 
V05-DRAIN SOURCE VOLTAGE (VOLTS! 

SYMBOL TEST CONDITIONS 
C;, 

V0s = 12V, V6 s = 0 
V0s = 8.0V, V6 s = 0 
V0s = 5.0V, V6 s = 0 

CoG 
V06 = 10 V, Is= 0, f = 140 kHz 
V06 = 8.0V, ls= 0, f = 140 kHz 
V06 = 5.0V, Is= 0, f = 140 kHz 
V06 = 10 V, Is= 0, f = 140 kHz 
V06 = 8.0V, ls= 0, f = 140 kHz 
V06 = 5.0V, Is= 0, f = 140 kHz 

CsG 
VGS = -10 v. lo= 0, f = 140 kHz 
V6 s = -8.0 V, 10 = 0, f = 140 kHz 
V6 s = -5.0 V, 10 = 0, f = 140 kHz 
V6 s = -10V, 10 =0,f=140kHz 
V65 = -8.0 V, 10 = 0, f = 140 kHz 
V6 s = -5.0 V, 10 = 0, f = 140 kHz 

NF 
Vos= 15 v. VGS = 0 
f = 1.0 kHz, Rg = 10 Mll, BW = 200 Hz 
Vos= 10V, V6 s = 0 
f = 1.0 kHz, Rg = 10 Mll, BW = 200 Hz 
Vos= 5.0V, V65 = O 
f = 1.0 kHz, Rg = 10 Mll, BW = 200 Hz 

COMMON SOURCE - DRAIN CHARACTERISTICS 

0 0 10.0 20.D 30.0 40.0 50.0 
Vos-DRAIN SOURCE VOLTAGE (VOLTS) 

MIN. 

0.50 

io.4D 

... 
z 
1110.30 

a 
~ 0.20 

~ 
..!?0.10 

MAX. 

15 
15 
15 

2.5 
2.5 
2.5 
3.5 
3.5 
3.5 

5.0 
5.0 
5.0 
6.0 
6.0 
6.0 

4 

4 

4 

2N3071 
TA•25°C -/' 

i--i--IL_ 

v-i-- ·c:t -D.6 

v I l 
i-..: 

UNIT 

pf 

pf 

pf 

db 

Vss•OV 

-0.1 

-0.2 

-0.3 

-0.4 
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I 
I~ 

DRAIN CURRENT VS. NORMALIZED GATE-SOURCE VOLTAGE 

10.0 
2N3069 

l 8.0 
lo@ v05 •30V 
Vp@Vos•20V 

.... 10• 1.0nA z 
::! 6.0 
a: 
:> 
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~ 4.0 
a: 
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QZ Q4 0.6 0.8 1.0 
VGs 
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Q p 1.5·------~-~---~ 
It~ 
8 .... 1.0 

~~ 
:> a: 
.... a: 
.. :> 
a: u 

~~ ol---+---+-~"k::---+---+--l 
w a: 
f-0 

~ ~ -.5 .... 
~ t; Goo IS DRAIN CURRENT FO) 
§? ~ -l.0 MAXIMUM TEMPERATURE 
~ u STABILITY 

? ~ -l~l50 -100 -50 100 •50 +100 
:;I,_ 10 -DRAIN CURRENT !,LA) 
i5 <l 

Drain - Gate 
Reverse Current 

VS 

Temperature 

+150 

JO'---'--~~~~~~-~~~~ 

25 50 75 100 125 150 
TA -AMBIENT TEMPERATURE (°C) 

2.5 

2N3070 

!2.0 
10 @Vos•30V 
Vp@Vos•20V 

.... lo• l.OnA 
z 
"' 1.5 a: 
a: 
:> 
0 

z 1,0 .. 
a: 
0 

' E'0.5 

0.2 0.4 Q6 0.8 1.0 

Vp~:~'C)NORMALIZED GATE-SOURCE VOLTAGE 

7.0 

iii 
!::is.o 
§? 
;;; 5.0 

!i 
~4.0 
0 
> 
t 3.0 
0 

52.0 
z 
a: 
~1.0 

0 

Pinch Off Voltage 
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Temperature 
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2N3069 

I--
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Gate Cutoff Current 
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Temperature 
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Junction Copacity 
vs 

Normalized Bias 

0 .2 4 .6 .8 1.0 1.2 3.0 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 
Total Device Dissipation Po 

@TA= 25°C 300 

Derating Factor above 25°C 
@TA= 25°C 1.7 

Storage Temperature T,ig -65to +200 

Junction Temperature TJ 200 

UNIT 

mW 

mW!°C 

oc 
oc 

JANUARY 1968 

2N3436-38 
2N3458-60 

-f:ffio1A., r--Q .rut 
.170 +- _r•030MAX. 

.ooo~IN H tt· LEADS l_ ~I :c™••A. 
·.~DIA. 

GATE IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVDGo 10 = 1.0 µA, Is = 0 50 Volts 

Total Gate Leakage Current IGSS 
2N3436-38 V6 s = -30V, V0s = 0 0.5 nA 
2N3458-60 0.25 
2N3436-38 VGS = -30V, Vos= 0 1.0 µA 
2N3458-60 TA= 150°C 0.5 

Saturation Current loss 
2N3436, 2N3458 V0s = 20V, V6 s = 0 3.0 15 mA 
2N3437, 2N3459 0.8 4.0 
2N3438, 2N3460 0.2 1.0 

Pinch Off Voltage Vp 
2N3436 V0s = 20V, 10 =1.0nA 10 Volts 
2N3437 5.0 
2N3438 2.5 
2N3458 8.0 
2N3459 4.0 
2N3460 2.0 

Transconductance gm 
2N3436, 2N3458 V0s = 20V, V6 s = 0 2500 10,000 µmhos 
2N3437, 2N3459 1500 6000 
2N3438, 2N3460 800 4500 

Input Conductance G;, 
2N3436, 2N3458 V0s = 10V, V6 s = 0 4.0 µmhos 

f = 1.0 MHz 
2N3437, 2N3459 V0s=6.0V,V6 s=0 3.5 

f = 1.0 MHz 
2N34;38, 2N3460 V0s = 4.0 V, V6 s = 0 2.5 

f = 1.0 MHz 

Output Conductance Gos 
2N3436, 2N3458 V0s = 30 V, V6 s = 0 35 µmhos 
2N3437, 2N3459 f = 1.0 MHz 20 
2N3438, 2N3460 5.0 
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CHARACTERISTIC 
Input Capacitance 
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-
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 

Storage Temperature Tstg -55to +200 

Junction Temperature TJ 200 

Total Device Dissipation Po 
@TA= 25°C 300 

Derating Factor above 25°C 
@TA= 25°C 1.7 

UNIT 

·c 
·c 

mW 

mW/"C 

JANUARY 1968 

2N3452 
THRU 

2N3457 

~im-Dl•·r-.. m t- ~.030MAX. 

.OOOijlN .:a'.L!ADS 11 .011 DIA. 

:m·,·· 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVoGO 10 = 1.0 µA, Is= 0 ·50 Volts 

Total Gate Leakage Current IGss 
2N3452-54 V6 s = -30V, V0s = 0 0.1 nA 
2N3455-57 0.04 
2N3452-54 VGS = -30V, Vos= 0 400 
2N3455-57 TA= 150°C 150 

Saturation Current loss 
2N3452, 2N3455 V0s = 30V, VGs = 0 0.8 4.0 mA 
2N3453, 2N3456 0.2 1.0 
2N3454, 2N3457 0.05 0.25 

Pinch Off Voltage Vp 
2N3452, 2N3455 V05 = 20 V, 10 = 0.5 nA 10 Volts 
2N3453, 2N3456 5.0 
2N3454, 2N3457 2.5 

Transconductance gm 
2N3452 V0s=30V,VGs=0 200 1200 µmhos 
2N3453 f = 1.0 kHz 150 900 
2N3454 100 600 
2N3455 400 1200 
2N3456 300 900 
2N3457 150 600 

~ ----
Input Conductance g;, 

2N3452, 2N3455 V0s = 12 V, VGs = 0 1.0 µmhos 
f = 1.0 MHz 

2N3453, 2N3456 V0s = 8.0 V, VGs = 0 1.0 
f = 1.0 MHz 

2N3454, 2N3457 V05 =4.0V,VGs=0 1.0 
f = 1.0 MHz 

Output Conductance gos 
2N3452, 2N3455 Vos =30V, V6 s = 0 15 µmhos 
2N3453, 2N3456 f = 1.0 MHz 5.0 
2N3454, 2N3457 3.0 

Printed in U.S.A. 3103 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Input Capacitance cis 

2N3452 Vos= 12V, VGS = 0 
2N3455 f= 1.0MHz 
2N3453 V0s = 8.0V, V6 s = 0 
2N3456 f = 1.0 MHz 
2N3454 V0s = 4.0V, V6 s = 0 
2N3457 f= 1.0MHz 

Output Capacitance cos Vos= 30V, VGS = 0 
f = 1.0MHz 

Drain-Gate Capacitance CoG 
2N3452-54 VoG = 10V, Is= 0 
2N3455-57 f=140kHz 

Source-Gate Capacitance CsG 
2N3452-54 V6 s=-10V,10 =0 
2N3455-57 f= 140 kHz 

Noise Figure NF 
"2N3455-57 V0s = 10V, R6 = 1.0 Mil 
2N3452 BW = 6.0 Hz, f = 20 Hz 
2N3453 
2N3454 
2N3455-57 V0s = 10V, R6 =1.0M!l 
2N3452-54 BW = 6.0 Hz, f = 100 Hz. 
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MAXIMUM RATINGS 

CHARACTERISTIC 
Drain-Source Voltage 
Drain-Gain Voltage 
Reverse Gate-Source Voltage 
Gate Current 
Total Device Dissipation 

@TA=25°C 
Derating Factor Above 25°C 

@TA= 25°C 
Storage Temperature 

Junction Temperature 

..... dFl4J'Jfl~~ ~t~J.,iiiFFECl 
.. ·.· · ....•....•. : TRANS1STO~ ...... 
GENERAL PURPOSE 

• · LOW NOISE 
• LOW CAPACITANCE 
• FAST SWITCHING SPEEDS 

SYMBOL RATING 
Vos 30 

VDG 30 

VGS 30 

IG 10 

PD 
0.3 

1.71 

T,+9 -65 to +200 

TJ 200 

UNIT 
Volts 
Volts 
Volts 
mA 

Watts 

mW/°C 
oc 
oc 

JANUARY 1968 

2N3966-69 
THRU 

2N3967 A-69A 

~Q:~DIAr 
,g__[Q 
.170 +- _r-,030 MAX. 

,50l±MIN ~4 LEADS ~ ~ .Qg!_ DIA 
~ ~ .016 ' 

:~~~DIA. 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Gate-Source Breakdown Voltage VIBRlGSS IG = 1.0 µA, V0 s = 0 30 Volts 

Gate-Source Voltage VGS 
2N3967, 2N3967A V05 = 20 V, 10 = 0.25 mA 1.0 4.5 Volts 
2N3968, 2N3968A V0s = 20 V, 10 = 0.10 mA 0.5 2.8 
2N3969, 2N3969A V0 s = 20 V, 10 = 0.04 mA 0.3 1.6 

Gate-Source Cutoff Voltage VGSIOFFl 
2N3966 V0 s = 10V, 10 =10 nA 4.0 6.0 Volts 
2N3967, 2N3967A V0 s = 20 V, 10 = 1.0 nA 2.0 5.0 
2N3968,2N3968A 3.0 
2N3969,2N3969A 1.7 

Drain Cutoff Current IOIOFFl 
2N3966 V0s = 10 V, VGs = :-7.0 V 1.0 nA 
2N3966 Vos= 10V, VGS = -7.0V, TA= 150°C 2.0 µA 

Gate-Drain Leakage Current IDGO 
2N3966 V0G = 20 V, Is= 0 0.1 nA 
2N3966 V0G = 20 V, 10 = o, TA= 150°C 0.2 µA 

Gate Reverse Current IGSS V GS = 20 V, V DS = 0 0.1 nA 
VGs = 20 V, V0s =0, TA= 150°C 0.2 µA 

Zero-Gate-Voltage Drain Current loss 
2N3966 V DS = 20 V, V GS = 0 2.0 mA 
2N3967,2N3967A 2.5 10 
2N3968, 2N3968A 1.0 5.0 
2N3969, 2N3969A 0.4 2.0 

Drain-Source "ON" Resistance rdslONl 
2N3966 Vos= 0, VGs = 0 220 Ohms 
2N3967, 2N3967A f = 1.0 kHz 400 
2N3968, 2N3968A 700 

Rise Time t, 
2N3966 See Figures 1 & 2 100 nsec 

Turn-on Delay Time td 
2N3966 See Figures 1 & 2 20 nsec 

Turn-off Time loff 
2N3966 See Figures 1 & 2 100 nsec 

Printed in U.S.A. 3104 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Input Capacitance C;,. 

2N3966 V0s = 20 V, V6 s = 0 6.0 pf 
f = 1.0MHz 

2N3967A V0s = 20 V, 10 = 0.25 mA 5.0 
f = 1.0 MHz 

2N3968A V0s = 20 V, 10 = 0.10 mA 5.0 
f= 1.0MHz 

2N3969,2N3969A V0s = 20V,,10 = 0.04 mA 5.0 
f = 1.0 MHz 

Reverse Transfer Capacitance crss 
2N3966 V0s = 0, V6 s = 7.0V 1.5 pf 

f=1.0MHz 
2N3967, 2N3967A V0s = 20V, 10 =1.0mA 1.3 

f = 1.0 MHz 
2N3968, 2N3968A V0 s = 20 V, 10 = 0.5 mA 1.3 

f = 1.0MHz 
2N3969, 2N3969A V0s = 20V, 10 = 0.2 mA 1.3 

f = 1.0 MHz 

Transadmittance yfs 
2N3967, 2N3967A V0s=20V,V6 s=0 2500 µmhos 
2N3968, 2N3968A f = 1.0 kHz 2000 
2N3969, 2N3969A 1300 

Forward Transadmittance Yfs 
2N3967, 2N3967A V05 = 20 V, 10 = 0.25 mA 1600 2400 µmhos 
2N3968, 2N3968A V0s = 20 V, 10 = 0.10 mA 1400 2000 
2N3969, 2N3969A V0s = 20 V, 10 = 0.04 mA 950 1450 

Forward Transadmittance Y1, 
2N3967, 2N3967A V0s=20V,V6 s=0 1600 µmhos 
2N3968, 2N3968A f= 10 MHz 1400 
2N3969, 2N3969A 950 

Output Admittance Yos 
2N3967, 2N3967A V0s = 20 V, 10 = 0.25 mA 35 µmhos 

f = 1.0MHz 
2N3968, 2N3968A V0s = 20 V, 10 = 0.10 mA 15 

f = 1.0MHz 
2N3969, 2N3969A V0s = 20 V, 10 = 0.04 mA 5.0 

f = 1.0MHz 

Noise Figure NF 
2N3967-2N3969A Vos= 20V, V6 s = 0 

R6 =1.0 Mll 1.5 db 
f = 100 Hz 

BW = 6Hz 
2N3967A, 68A, 69A V0s = 10V, V6 s = 0 

R6 =1.0 Mll 4.0 
f = 10 Hz 

BW=6Hz 
2N3967 A, 68A, 69A Vos= 10V, VGS = 0 

RG = 1.0Mll 1.0 
f = 1.0 kHz 

BW = 200Hz 

COMMON SOURCE-DRA'IN CHARACTERISTICS. COMMON SOURCE-DRAIN CHARACTERISTICS COMMON SOURCE-DRAIN CHARACTERISTICS 
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JANUARY 1968 

~~ 
2N3970 

( 2N3971 

2N3972 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Total Device Dissipation Po ----@Tc=25°C 1.8 Watts 

Derating Factor above 25°C 
@Tc=25°C 10 mW/°C 

Storage Temperature T,t9 200 ·c 

Junction Temperature TJ 200 ·c 

COLL£CTOfl IS INTERNALLY CONNECTEO TO CASE 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVoGO 10 = 1.0 µA, Is = 0 40 Volts 

Source-Gate Breakdown Voltage BVsGo Is= 1.0 µA, 10 = 0 40 Volts 

Saturation Current loss 
. 

2N3970 V0s = 20V, VGs = 0 50 150 mA 
2N3971 25 75 
2N3972 5.0 30 

Gate-Drain Leakage Current loGO V0G = 20 V, Is= 0 0.25 nA 
V0G = 20 V, 15 = O 0.5 µA 

TA= 150°c 

Drain Cutoff Current lorOFFl VGS = -12V 0.25 nA 
VGS = -12V 0.5 µA 

TA= 150°c 

Drain-Source "ON" Voltage VosrONl 
2N3970 lo = 20 mA, v GS = 0 1.0 Volts 
2N3971 10 =10mA,VGs=0 1.5 
2N3972 lo = 5.0 mA, v GS = 0 2.0 

Pinch Off Voltage Vp 
2N3970 V0s = 20V, 10 = 1.0 nA 4.0 10 Volts 
2N3971 2.5 5.0 
2N3972 0.5 3.0 

Small-Signal Drain-Source rdslONl 
"ON" Resistance 

2N3970 10 = 0, VGs = 0 30 Ohms 
2N3971 60 
2N3972 100 

"ON" Resistance RoN 
2N3970 lo = 1.0 mA, v GS = 0 30 Ohms 
2N3971 60 
2N3972 100 

Rise Time t, 
2N3970 See Figures 1 & 2 10 nsec 
2N3971 15 
2N3972 40 

Printed in U.S.A. 3105 



CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Delay Time td 

2N3970 See Figures 1 & 2 10 nsec 
2N3971 15 
2N3972 40 

Turn-Off Time to ff 
2N3970 See Figures 1 & 2 30 nsec 
2N3971 60 
2N3972 100 

Input Capacitance C;, Vos= 20V, VGS = 0 25 pf 
f = 1.0 MHz 

Drain-Gate Feedback Capacitance. c, •• V05 = 0, V65 = -12V 6.0 pf 
f = 1.0 MHz 

•Pulse Test: Pulse Width = 300 µsec; Duty Cycle = 3%. 

PULSE WIDTH 

ov-----.. 
...... ---++-------....-

y--J.OYDC 

INPUT WAVEFORM !K)%,->+--------+I -

- 1-- '• 

-·r·· 
~ 
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(SEE NOTE 3 J - .. 
T.U.T. 

Qi -©= TEKTRONIX R•~' SKL MODEL .. , 
503" SAMN.ING 101on> 

OR EQUIV. SCOPE CSEE NOTE 2) 

11 r-t 
Oft EQUIV. 

= OUTPUT WAVEFORM 

Figure 1 Figure 2 

/ . 

..,... AMEtCO SEMICONDUCTOR • A TELEDVME COMPANY • 1300 Terra Bell'a Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 



MAXIMUM RATINGS 

CHARACTERISTIC 
Power Dissipation 

@Tc=25cc 

Derating Temperature 
@Tc= 25cc 

Storage Temperature 

Junction Temperature 

l""IM·•• .. 1 ~i~~,iif~f~ 
IRAN$1~ ,,• :>········,>.· x.·.,·,.'••• 

·········'GENERAL· J>UR'POs~·;)~vvlTQ· .•...••... ·•········•·:··.···,, . 
VE;RV '-OW ''ON'.'> RE;$JSTAN¢E •···· 
FAST SWITCHING SPEEDS 

• LOW LEA~A~f:. . 

SYMBOL RATING UNIT 

Po 
1.8 Watt 

10 mW/cc 

T,19 -55 to +200 cc 

TJ +200 cc 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain-Gate Breakdown Voltage BVoGO 10 = 1.0 µA, Is = 0 40 

Source-Gate Breakdown Voltage BVSGO Is= 1.0µA, 10 = 0 40 

Drain-Source "ON" Voltage VOS(ONl lo=(**), VGS = 0 

Saturation Current loss * 
2N4091 V0s = 20 V, VGs = 0 30 
2N4092 15 
2N4093 8.0 

Gate-Drain Leakage Current loGO V0G = 20 V, Is= O 

Drain Cutoff Current locom V6 s = (***), V0s = 20V 
VGs = (***), V0s = 20V, TA= 15occ 

Gate-Source Leakage Current lsGo VsG = 20 V, lo= 0 

Pinch Off Voltage VP 
2N4091 V0s = 20 V, 10 = 1.0 nA 5.0 
2N4092 2.0 
2N4093 1.0 

Small-Signal Drain-Source rdsCONl 
"ON" Resistance 

2N4091 Vos= 0, VGs = 0 
2N4092 
2N4093 

"ON" Resistance Ro 
2N4091 lo = 1.0 mA, v GS = 0 
2N4092 
2N4093 

Rise Time t, 
2N4091 See Figures 1 & 2 
2N4092 
2N4093 

Delay Time td 
2N4091 See Figures 1 & 2 
2N4092 
2N4093 

Printed in U.S.A. 3106 
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GATE IS INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

Volts 

0.2 Volts 

mA 

0.2 nA 

0.2 nA 
0.4 µA 

0.2 nA 

10 Volts 
7.0 
5.0 

30 Ohms 
50 
80 

30 Ohms 
50 
80 

--+----

10 nsec 
20 
40 

15 nsec 
15 
20 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Turn-Off Time toff 

2N4091 See Figures 1 & 2 
2N4092 
2N4093 

Input Capacitance C;, Vos= 20V, VGs = 0 
f=1.0MHz 

Drain-Gate Capacitance CoG V06 = 20V, Is= O 
f = 1.0 MHz 

Source Gate Capacitance CsG Vs6 = 20 V, 10 = O 
f=1.0MHz 

NOTES: • Pulse Test: Pulse Width s 300 µsec; Duty Cycle s 3o/o. 

;:; 
"' "' .!; 

:! 

* * 2N4091 10 = 6.6 mA * * * 2N4091 VGS!OFFl = -12 V 
VGS(OFFl = -8.0 v 
VGS!OFFl = -6.0 V 

2N4092 10 = 4.0 mA 2N4092 
2N4093 10 = 2.5 mA 2N4093 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 
Gate Current Is 10 

Total Device Dissipation Po 
@TA=25°C 300 

Derating Factor Above 25°C 
@TA= 25•c 1.7 

Storage Temperature Tstg -65to +200 

Junction Temperature TJ 200 

UNIT 
mA 

mW 

mW!°C 

•c 

•c 

JANUARY 1968 

2N4139 

1mo1A.I 
.WI. 
.170 ~Q +- _r•030MAX. 

.eooi•• ~ I f 3L••os 

.w._ 

.036 

_L ~ ;~otA. 

-.mo ... 
DRAIN 

GATE IS INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVoso 10 = 1.0 µA, Is = 0 50 Volts 

Source-Gate Breakdown Voltage BVsso Is = 1.0 µA, 10 = 0 50 Volts 

Total Gate Leakage Current lsss V6 s = -30 V, Vos= O 1.0 nA 
V6 s = -30V, V0s = o, TA= 125°C 1.0 µA 

Saturation Current loss V0s = 20 V, V6 s = 0 8.0 11 mA 

Pinch Off Voltage Vp V0s = 20V, 10 = 1.0 nA 2.0 8.0 Volts 

Transconductance gm V0s = 20 V, V6 s = 0 3500 7000 µmhos 
f = 1.0 kHz 

V0s = 20 V, V6 s = 0 3000 
f = 1.0MHz 

Short-circuit, common-source G;, V0s = 20V, V6 s = 0 4.0 µmhos 
input conductance f = 1.0 MHz 

Output Conductance gos Vos= 20 v, VGS = 0 35 µmhos 
f = 1.0MHz 

Input Capacitance C;, V0s = 20 V, V6 s = 0 18 pf 
f = 1.0MHz 

Reverse Transfer Capacitance crss Vos= 20V, V6 s = 0 5.0 pf 
f = 140 kHz 

Drain to Gate Capacitance CoG VoG = 10V, Is= 0 5.0 pf 
f = 140 kHz 

Noise Figure NF V0s = 20V, V9 , =0, R6 =1.0M!! 2.0 db 
f = 1.0 kHz, BV = 6.0 Hz 

Printed in U.S.A. 3107 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 
Drain-Source Voltage Vos 30 
Drain-Gate Voltage VoG 30 
Reverse Gate-Source Voltage VGS 30 
Gate Current IG 10 
Total Device Dissipation Po 

@Tc= 25"C 1.8 
Derating Factor Above 25°C 

@Tc= 25°C 10.3 
Storage Temperature T,19 -65to +200 

Junction Temperature TJ 200 
Lead Temperature, 1 /16 inch 300 
from case, 1 O sec. max. 

UNIT 
Volts 
Volts 
Volts 
mA 

Watts 

mW!°C 
·c 

·c 
•c 
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2N4977 
2N4978 
2N4979 

1:~01A.i--,-Q .fil 
.170 +- _c·030MAX . 

• 50~MIN ~ I [' LEAOS ~ :§F€01A. 

·.mo1•. 

GATE 15 INTERNALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Gate-Source Breakdown Voltage VrBR1Gss IG = 1.0 µA, V0s = 0 30 Volts 

Gate-Source Cutoff Voltage VGSIOFFl 
2N4977 V0s = 15 V, 10 = 1.0 nA 4.0 10 Volts 
2N4978 4.0 8.0 
2N4979 0.5 5.0 

Drain-Source "ON" Voltage Vos10N1 
2N4977 lo = 25 mA, v GS = 0 0.4 nA 
2N4978 lo=10mA,VGs=O OA 
2N4979 lo = 5 mA, v GS = 0 0.4 

Gate Reverse Current IGSS VGS = 15V, Vos= 0 0.5 nA 

Drain Reverse Current loGO V0G = 15V, Is =0 0.5 nA 
v0G = 15V, Is= o, TA= 15o•c 1.0 µA 

Drain Cutoff Current lorom V0s = 15 V, VGs = -12 V 0.5 nA 
V0s = 15V, VGs= -12V, TA= 150°C 1.0 µA 

Zero-Gate-Voltage Drain Current loss 
2N4977 VOS = 20 V, V GS = 0 50 mA 
2N4978 15 
2N4979 7.5 

Drain-Source "ON" Resistance rDSIONl 
2N4977 lo = 1.0 mA, v GS = 0 15 Ohms 
2N4978 20 
2N4979 40 

Drain-Source "ON" Resistance rds!ONl 
2N4977 VGs = 0, lo= 0 15 Ohms 

f = 1.0 kHz 
2N4978 VGs =D, 10 =0 20 

f = 1.0 kHz 
2N4979 VGs = 0, 10 = 0 40 

f = 1.0 kHz 

Input Capacitance C;ss V0s = 15 V, VGs = 0 35 pf 
f = 1.0MHz 

Reverse Transfer Capacitance crss Vos= 0, VGS = -12 v 8.Q pf 
f = 1.0 MHz 

Printed in U.S.A. 3108 
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RL = 220Q 
ID(ON) = 25 mA 
VGS(OFF) = -lOV 
VGS(ON) =av 
VDD = 6.av 

Input Pulse 
Rise Time< I.a ns 
Fall Time < 1.0 ns 
Pulse Widths 11a ns, la.0% Duty Cycle 
Gen. Source I mp. = 5aQ 

Oscilloscope 
Rise Time"' a.4 nsec 
Input Resistance :::: 9.8 MQ 
Input Capacitance < 1.7 pf 

Figure I. 

RL = 560 Ohms 
ID(ON) • la mA 
VGS(OFF) = -8V 
VGS(ON) =av 
VDD = 6.av 

Input Pulse 
Rise Time< I.a ns 
Fall Time< I.a ns 
Pulse Width " 11a ns, 10.0% Duty Cycle 
Gen. Source I mp. = 5aQ 

Osei lloscope 
Rise Time " a.4 nsec 
Input Resistance"' 9.8 MQ 
Input Capacitance " 1.7 pf 

Figure 2. 

RL = 1.1 kQ 
ID(ON) = 5.a mA 
VGS(OFF)= -5.aV 
VGscoN>" av 
V DD= 6.aV 

Input Pulse 
Rise Time< I.ans 
Fall Time< 1.0 ns 
Pulse Width " 11a ns, la.0% Duty Cycle 
Gen. Source Imp.= 5aQ 

Oscilloscope 
Rise Time" a.4 nsec 
Input Resistance ~ 9.8 MQ 
Input Capacitance " 1.7 pf 

Figure 3 . 
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JANUARY 1968 

U1714 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Gate Voltage 25 Volts 

Total Device Dissipation PD 
@TA=25°C 300 mW 

Derating Factor above 25°C 
@TA=25°C 1.71 mW/°C 

Storage Temperature Tstg -65to +200 ·c 
Junction Temperature TJ 200 •c 

GATE IS INTERNALLY CONNECTED TO C 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVGSS IG = 1.0µ.A, VDS = 0 25 Volts 

Total Gate Leakage Current IGSS VGs=-10V,VDs=0 5.0 pA 

Saturation Current IDSS VDs = 10V, VGs = O 0.5 5.0 mA 

Source-Gate Cutoff Voltage VGS!offl VDs = 10 V, ID= 1.0 nA 5.0 Volts 

Transconductance gm V05 = 10 V, VGs = 0 400 µmhos 
f = 1.0 kHz 

Input Capacitance ciss V0s = 10V, VGs = 0 3.0 pf 
f = 1.0 MHz 

Reverse Transfer Capacitance c, .. V0s=10V,ls=O 1.2 pf 
f = 140 kHz 

Noise Figure NF V0s = 10V, VGs = 0 3.0 db 
f = 100 Hz, BW = 6.0 Hz 

RG=1.0Mfl 

Printed in U.S.A. 3301 
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U1715 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Gate Voltage 200 Volts 

Source-Gate Voltage 125 Volts 

Total Device Dissipation Po 
@TA=25°c 800 mW 

Derating Factor above 25°C ·souRCE 

@TA= 25•c 4.57 mW/°C 

Storage Temperature Tstg -65to +200 ·c 

Junction Temperature TJ +200 •c 
GATE IS INTERNALLY CONNECTED TO CASf' 

ELECTRICAL CHARACTERISTICS at +2S°C (Unless Otherwise Specified) 

CHARACTERISTIC ' SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVess le= 1.0µA, Is= 0 200 Volts 

Source-Gate Breakdown Voltage BVseo Is= 1.0µA, le= O 125 Volts 

Total Gate Leakage Current less V6 s = 75 V,V0s = 0 5.0 nA 

Drain-Gate Leakage Current loeo V0e = 150V 3.0 nA 

Saturation Current loss V0s = 50 V, Ves = 0 10 50 mA 

Source-Gate Cutoff Voltage VeS(offl V0s = 50V, 10 =10 nA 15 Volts 
-

Drain-Source "ON" Resistance Ro 10 = 100 µA, Ves = O 400 Ohms 

·Input Capacitance C;,, Vos=50V,Ves=0 25 pf 
f = 1.0 MHz 

Reverse Transfer Capacitance crss V0s = 50V, Ves = 0 4.0 pf 
f = 1.0 MHz 

Noise Figure NF V0s=30V,Ves=O 3.0 db 
f = 1.0 kHz, BW = 200 Hz 

Re= 1.0M!l 

Printed in U.S.A. 3302 



MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos 30 Volts 
Drain-Gate Voltage VoG 30 Volts 
Gate-Source Voltage VGS 30 Volts 
Gate Current IG 10 mA 
Total Device Dissipation Po 

@TA=25°C 300 mW 
Derating Factor above 25°C 

@TA= 25°c 2.0 mWl°C 
Storage Temperature T,19 -65to +200 ·c 

Junction Temperature TJ 175 •c 
Lead Temperature, 1/16 inch 300 ·c 
from case, 10 seconds max. 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. 
Gate-Source Breakdown Voltage VfBRlGSS 16 = 1.0 µA, V0s = 0 30 

Gate-Source Cutoff Voltage VGS!OFFI 10 =50nA,V0s=15V 8.0 

Gate-Source Voltage VGS 10 = 0.4 mA, V0s = 15V 1.0 7.5 

Gate Reverse Current IGSS V6 s = 20V, V0s = 0 0.50 
VGS = 20V, Vos= 0, TA= 150°C 500 

Zero-Gate-Voltage Current loss 
. V0s = 15V, V6 s = 0 4.0 20 

Input Capacitance ciss V0s=15V,V6 s=0 6.0 
f = 1.0 MHz 

Reverse Transfer Capacitance c, .. V0s = 15V, V6 s =0 2.0 
f = 1.0 MHz 

Forward Transfer Admittance I Y1, I* Vos=15V,V6 s=0 3500 6500 
f = 1.0 kHz 

V0s = 15V, V6 s = 0 3200 
f = 200 MHz 

Input Admittance Y;, Vos= 15 V, VGS = 0 800 
f = 200 MHz 

Output Admittance I Yos I* V0s = 15 V, V6 s = 0 35 
f = 1.0 kHz 

V0s=15V,V6 s=0 200 
f = 200 MHz 

Noise Figure NF V0s = 15 V, V6 s = 0 2.5 
Rs= 1000Il, f = 100 MHz 

•Pulse Test: Pulse Width= 100 ms; Duty Cycle= 10%. 

Printed in U.S.A. 3303 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos 30 Volts 

Drain-Gate Voltage VoG 30 Volts 

Gate-Source Voltage VGS -30 Volts 

Drain Current lo 20 mA 

Total Device Dissipation 
@TA= 25°C Po 300 mW 

Derating Factor above 25°C 
@TA= 25°c 2 mW!°C 

Storage Temperature T,19 -65to +200 ·c 

Junction Temperature TJ +175 ·c 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VfBRI GSS IG = 10µA, V0s = 0 -30 

Gate-Source Cutoff Voltage VGSfotfl 
2N4223 10 = 0.25 nA, V0s = 15 V 
2N4224 10 = 0.50 nA, V0s = 15 V 

Gate-Source Voltage VGS 
2N4223 10 = 0.3 mA, V0s = 15 V -1.0 
2N4224 10 = 0.2 mA, V0s = 15 V -1.0 

Gate Reverse Current IGSS 
2N4223 VGs = -20V, V0s = 0 
2N4224 
2N4223 VGs = -20V, V0s = o, TA= 100°c 
2N4224 

Zero-Gate-Voltage Drain Current loss 
. 

2N4223 Vos= 15 V, VGS = 0 3 
2N4224 2 

Input Conductance Y;, V0s = 15 V, VGs = 0 
f = 200 MHz 

Output Conductance Vos V0s = 15 V, VGs = 0 
f = 200MHz 

Small-Signal Power Gain GP, Vos= 15 v, VGS = 0 
2N4223 f = 200 MHz (Figure 1) 10 

Input Capacitance C;,, Vos= 15 v, VGS = 0 
f = 1 MHz 

Reverse Transfer Capacitance crss Vos= 15 v, VGS = 0 
f = 1 MHz 

Forward Transfer Admittance I Yts I 
2N4223 Vos= 15 V, VGS = 0 3000 
2N4224 f = 1 kHz 2000 
2N4223 Vos= 15 v, VGS = 0 2700 
2N4224 f = 200MHz 1700 

Noise Figure NF V0s = 15 V, VGs = 0, Rs= 1 k!'l 

( 
2N4223 f = 200 MHz (Figure 1) 

•Pulse Test: Pulse Width~ 630 ms, Duty Cycle~ 10% 

Printed in U.S.A. 3304 
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Figure I. Noise Figu~e and Power Gain Test Circuit 
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I 112 TURNS #20 TINNED WIRE, 1/4" I.D. 
LENGTH = 3/8" 
3112 TURNS #18 TINNED WIRE, 3/8"I.D. 
LENGTH • 1/2", TAPPED AT I 1/4 TURNS 
FROM DRAIN 
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MAXIMUM RATINGS 
CHARACTERISTIC 
Drain-Source Voltage 

Drain-Gate Voltage 

Reverse-Gate-Source Voltage 

Gate Current 

Total Device Dissipation 
@TA= 25°C 

Derating Factor Above 25°C 
@TA= 25°C 

Storage Temperature 

Junction Temperature 

SYMBOL RATING 
30 

30 

20 

10 

300 

2.5 

-55to +125 

125 

UNIT 
Volts 

Volts 

Volts 

mA 

mW 

mW!°C 

oc 
oc 

JANUARY 1968 

2N4302 
2N4303 
2N4304 

DRAIN 

SOURCE GATE 

LEADS ELECTRICALLY ISOLATED FROM CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Drain-Gate Breakdown Voltage BVGss IG = 1.0 µA, Vos = 0 30 Volts 

Total Gate Leakage Current IGSS VGS = -10V, Vos= 0 1.0 nA 
VGs = -10V, V0s = 0, TA= 85°C 0.1 µA 

Saturation Current loss 
2N4302 V0s = 20 V, VGs = 0 0.5 5.0 mA 
2N4303 4.0 10 
2N4304 0.5 15 

Pinch Off Voltage Vp 
2N4302 V0s = 20V, 10 =10 nA 4.0 Volts 
2N4303 6.0 
2N4304 10 

Transconductance gm 
2N4302 V0s = 20V, VGs = 0 1000 µmhos 
2N4303 f = 1.0 kHz 2000 
2N4304 1000 

Output Conductance gos V0s = 20V, VGs = 0 50 µmhos 
f = 1.0 kHz 

Input Capacitance C;ss V0s = 20V, VGs = 0 6.0 pf 
f = 1.0MHz 

Reverse Transfer Capacitance crss V0s = 20V, VGs = 0 3.0 pf 
f = 1.0MHz 

Drain-Gate Capacitance CoG V0G = 10 V, Is= 0 2.0 pf 
f = 140kHz 

Magnitude of Small Signal, v,, Vos= 20V, VGs = 0 
Common Source, Short f = 10MHz 
Circuit, forward Transadmittance 

2N4302 700 µmhos 
2N4303 1400 
2N4304 700 

Noise Figure NF 
2N4302 V0s = 10V, RG = 1.0MO 2.0 db 
2N4303 f = 1.0 kHz 2.0 
2N4304 VGs = 0, BW = 200 Hz 3.0 

Printed in U.S.A. 3305 
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MAXIMUM RATINGS 

CHARACTERISTIC 

Drain-Source Voltage 
Drain-Gate Voltage 
Reverse Gate-Source Voltage 
Gate Current 
Total Device Dissipation 

@TA=25°C 
Derating Factor Above 25°C 

@TA=25°C 
Storage Temperature 

Junction Temperature 
Lead Temperature, 1 /16 inch 
from case, 1 O sec. max. 

SYMBOL 
2N4881-2 

Vos 300 

VoG 300 

VGS 100 

IG 
Po 

T,19 

TJ 

RATING UNIT 
2N4883-4 2N4885-6 
200 125 Volts 
200 125 Volts 
100 75 Volts 

10 mA 

800 mW 

4.57 mW/°C 
-65 to +200 oc 

200 oc 
300 oc 

SOURCE 

JANUARY 1968 

2N4881 
THRU 

2N4886 

;igjlf~···· r-.260 

~ ~1~. t ';LEADS 
1?." I ! , ~ ~ ~ .... 
11=~DIA 

GATE 

GATE IS INTERHALLY CONNECTED TO CASE 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 

Gate-Source Breakdown Voltage VIBRlGSS 
2N4881-4 IG = 1.0 µA, Vos= 0 100 Volts 
2N4885-6 75 

Gate-Source Cutoff Voltage VGsrOFFl 
2N4881-2 V0s = 50V, 10 = 2.0 nA 0.5 15 Volts 
2N4883-6 V0s = 50V, 10 =1.0 nA 0.5 10 

Gate-Source Voltage VGs 
14.5 2N4881 V0s = 50V, 10 = 40µA 0.5 Volts 

2N4882 V0s = 50V, 10 = 150 µA 0.5 14.5 
2N4883, 5 V0s = 50 V, 10 = 40 µA 0.5 9.5 
2N4884, 6 V0s = 50V, 10 =150 µA 0.5 9.5 

Gate Reverse Current IGSS 
2N4881-2 VGs=50V,V0s=O 2.0 nA 
2N4883-6 1.0 
2N4881-2 VGs = 50V, V0s = o, TA= 150°C 4.0 µA 
2N4883-6 2.0 

Zero-Gate-Voltage Drain Current loss 
. 

2N4881, 3, 5 V0s = 50V, VGs = 0 0.4 2.0 mA 
2N4882, 4, 6 1.5 7.5 

Drain-Source "ON" Resistance ros 
2N4881, 3, 5 10 = 100 µA, V GS = 0 5000 Ohms 
2N4882, 4, 6 3000 

Input Capacitance C;,, Vos= 50V, VGs = 0 15 pf 
f = 1.0 MHz 

Reverse Transfer Capacitance crss V0s = 50V, VGs = 0 
f = 1.0 MHz 

1.5 pf 

Drain-Gate Capacitance cdgo V0G = 50V, Is= O 1.5 pf 
f = 1.0 MHz 

Forward Transfer Admittance IY1sl 
2N4881,3,5 V0s=50V,VGs=0 350 1000 µmhos 
2N4882, 4, 6 f = 1.0 kHz 600 1500 

Printed in U.S.A. 3306 
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CHARACTERISTIC SYMBOL TEST CONDITIONS 
Forward Transfer Admittance I vfs I 

2N4881, 3, 5 V0s = 50 V, V6 s = 0 
2N4882, 4, 6 f = 1.0 MHz 

Output Admittance J Yo,J 
2N4881, 3, 5 V0s = 50 V, V6 s = 0 
2N4882,4,6 f = 1.0 kHz 
2N4881, 3, 5 V0s = 50V, 10 = 0.2 mA 
2N4882, 4, 6 f = 1.0 kHz 

Noise Figure NF Vos= 50V, VGS = 0 
RG = 1.0MD 

f = 1.0 kHz 
BW= 200Hz 

• Pulse Test: Pulse Width = 300µsec; Duty Cycle = 1 o/o. 
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JANUARY 1968 

( 2N5078 

MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 
Reverse Gate-Source Voltage VGS -30 Volts 
Drain-Source Voltage Vos 30 Volts 
Drain-Gain Voltage VoG 

·--t--
30 Volts 

Drain Current lo 30 mA 
Gate Current IG 10 mA 
Total Device Dissipation Po 

~im-····r-·.m t- ..r--···· •••. 
.OOOijlN f 4 LEADS 

~ ~ ·ill .... 
~ ~ .016 

:~···· 
@TA= 25°c 0.3 Watts 

Derating Factor above 25°C 
@TA= 25°c 1.7 mW!°C 

Storage Temperature T,+g -65to +200 ·c 

Junction Temperature TJ +200 ·c 
Lead Temperature, 1 /16 inch from +300 ·c 

case, 10 seconds max. 

ELECTRICAL CHARACTERISTICS at +25"C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Gate-Source Breakdown Voltage VIBRlGSS IG = 1.0.µA, Vos= 0 30 Volts 

Gate-Source Cutoff Voltage VGSloffl V0s = 15V, 10 =1.0µA -0.5 -8.0 Volts 

Gate-Source Voltage VGS V0s = 15V, 10 = 0.4mA -0.5 -7.0 Volts 

Gate Reverse Current IGss V6 s = -20V, V0s = 0 -0.25 nA 
V6 s = -20 v, V0s = o, TA= 150°C -0.25 µA 

Zero-Gate-Voltage Drain Current loss V0s=15V,V6 s=0 4.0 25 mA 

Power Gain GP, V0s = 15 V, V6 s = 0 15 db 
f = 200 MHz (figure 1) 

Power Gain GP, V0s = 15 V, 10 = 4 mA 12 db 
f = 400 MHz (figure 2) 

Input Capacitance C;,, V0s=15V,V6 s=0 6.0 pf 
f = 1 MHz 

Reverse Transfer Capacitance crss V0s = 15V, V6 s = 0 2.0 pf 
f = 2 MHz 

Forward Transadmittance IY1sl V0s = 15 V, V6 s = 0 4500 10000 µmhos 
f = 1 kHz 

V0s=15V,V6 s=0 4000 
f = 200 MHz 

Input Conductance Y;, V0s = 15 V, V6 s = 0 800 µmhos 
f = 200MHz 

Output Admittance v., V0s = 15 V, V6 s = 0 150 µmhos 
f = 200 MHz 

Noise Figure NF V0s = 15 V, V6 s = 0 5.0 db 
Rs = 1 MU, f = 10 Hz 
BW= 5 Hz 

Vos= 15 V, V6 s = 0 3.0 
Rs= 1 kU 
f = 200 MHz (figure 1) 

V0s = 15 V, 10 = 4 mA 4.0 
f = 400 MHz, Rs = 1 kU 
(figure 2) 

( NOTE: Case Lead Grounded During All Electric Tests 

Printed in U.S.A. 3307 
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5116 dia x 3/8 long, #14 Copper wire 
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TO 50D 
LOAD 

3turns 114 ID, 114" long x 14 Copper wire 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Total Device Dissipation Po 

@TA= 25°C 300 mW 

Storage Temperature Tstg -65to +200 oc 
Junction Temperature TJ +175 oc 
Derating Factor above 25°C 

@TA= 25°C 2 mWl°C 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate to Source Breakdown Voltage BVGss 16 = 1.0 µA, V0s = 0 30 

Total Gate Leakage Current IGSS 
2N2606 V6 s=5.0V,V0s=O 
2N2607 
2N2608 
2N2609 

2N2606 V6 s=5.0V?Vos=O 
2N2607 TA= 150°C 
2N2608 
2N2609 

Saturation Current loss 
2N2606 Vos= -5.0 v, VGS = 0 100 
2N2607 300 
2N2608 0.9 
2N2609 2.0 

Transconductance gm 
Vos= -5.0 V, V6 s = 0 2N2606 110 

2N2607 f = 1 kHz 330 
2N2608 1000 
2N2609 2500 

Input Capacitance C;b 
2N2606 V0s = ·-5.0 V, V6 s = 1.0 V 
2N2607 f=140kHz 
2N2608 
2N2609 

Pinch Off Voltage Vp Vos= -5.0 V, 10 = 1.0 µA 1.0 

Noise Figure NF Vi:Js = -5.0 V, f = 1 kHz 
2N2606, 2N2607 BW = 160 Hz, Rg = 10 Mfl 
2N2608, 2N2609 Rg =1.0Mfl 

Printed in U.S.A. 3501 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos -30 Volts 

Drain-Gate Voltage VoG -30 Volts 

Reverse Gate-Source Voltage VGs -30 Volts 

Gate Current IG 10 mA 

Total Device Dissipation Po 
@Tc= 25°c 1.8 Watts 

Derating Factor Above 25°C 
@TA= 25°c 10 mW!°C 

Storage Temperature Tstg -65to +200 ·c 

Junction Temperature TJ 200 ·c 

Lead Temperature, 1 /16 inch 300 •c 
from case, 1 O seconds max. 

ELECTRICAL CHARACTERISTICS at +2S°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VrBRlGSS IG = 1.0 µA, Vos = 0 30 

Gate-Source Cutoff Voltage VGS!OFFl 
2N5018 V0s = -15 V, 10 = 1.0 µA 
2N5019 V0s = -15 V, 10 = 1.0 µA 

Drain-Source "On" Voltage VosroN1 
2N5018 lo= -6.0 mA, VGS = 0 
2N5019 10 = -3.0 mA, VGs = 0 

Gate Reverse Current IGss VGs=15V,V0s=0 

Zero-Gate-Voltage Drain Current loss 
2N5018 Vos= -20 v, VGS = 0 -10 
2N5019 Vos= -20V, VGS = 0 -5 

Drain Cutoff Current lorOFFI 
2N5018 V0s = -15V, VGs = 12V 
2N5019 Vos= -15 v, VGS = 7.0 v 
2N5018 V0s = -15 v, VGs = 12 v, TA= 150°C 
2N5019 V0s = -15 v, VGs = 7.0 v, TA= 150°C. 

Drain Reverse Current loGO V0G = -15V, ls= 0 
v0G = -15V, ls= o, TA= 150°c 

Drain-Source "ON" Resistance rOS!ONl 
2N5018 lo= 1.0 mA, VGS = 0 
2N5019 lo = 1.0 mA, v GS = 0 

Drain-Source "ON" Resistance rdsfONl 
2N5018 VGs = 0, 10 = 0 

f = 1.0 kHz 
2N5019 VGs = 0, 10 = 0 

f = 1.0 kHz 

Rise Time t, 
2N5018 See Figure 1 
2N5019 See Figure 2 

Delay Time td 
2N5018 See Figure 1 
2N5019 See Figure 2 

( . 

Printed in U.S.A. 3503 

JANUARY 1968 

2N5018 
2N5019 

GATE IS INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

10 Volts 
5 

-0.5 Volts 
-0.5 

2.0 nA 

mA 

10 nA 
10 
10 µA 
10 

2.0 nA 
3.0 µA 

75 Ohms 
150 

75 Ohms 

150 

20 nsec 
75 

15 nsec 
15 



CHARACTERISTIC 
Turn-Off Drlay Time 

2N5018 
2N5019 

Turn-Off Time 

1 

2N5018 
2N5019 

Input Capacitance 

Reverse Transfer Capacitance 

-8 

2N5018 

2N5019 

Common Source-Drain 
Characteristics 

~ -61---1---+-t---.f---if'--+-->"'9--+-+-~ 

a 
~ -41---+--+-+-i,.<.-~-+~....,:+--+-+---l 
l!i 

-0.S -1.0 
Vos-DRAIN- SOURCE VOLTAGE (Volts} 

Common Source-Drain 
Characteristics 

-20.---.--,.-.---.--r-.---.--,.-.---, 

-10 -.20 
Vos-DRAIN-SOURCE VOLTAGE (Volts) 

·switching Characteristics 
Turn-Off Delay Time 

vs 
Drain Current 

Yosl0FF)•7V '\r'-
0 151--+--'-+-+--i>.~-'>-+--+---l-+--l 
I:! ~ 
~ I~ ~ IOj---+--f-t--+---t-+j--" "'~+---+-cl r-.... 

'Yoo•-6V 
"-"1---+-'-+~+--+---4-+--+---l-+--l 

• Vp INDEPENDENT 

.w B;O 10 

SYMBOL TEST CONDITIONS 

td/Offl 

t/OFFI 

C;,, 

crss 

;, 
! 
>-

-4 

~ -3 

!!i 
u 
z 

See Figure 1 
See Figure 2 

See Figure 1 
See Figure 2 

Vos=-15V,VGs=O 
f = 1.0 MHz 

V05 = 0, V65 = 12V 
f = 1.0 MHz 

Vos= 0, VGS = 7.0V 
f = 1.0 MHz 

Common Source-Drain 
Characteristics 

~-21----1----+,~'--.-'1-,,,.!£'-+--! """1·~--~ 
a: 
Q 

Q 

-o.s -1.0 
Vos-DRAIN-SOURCE VOLTAGE (Volts) 

Switching Characterist.ics 
Delay Time 

VS 
Pitch-Off Voltage 

01--------j VJ-6V,--l----l--+..--l---+-1---l 

o1s1--+-'-+-T+--+---l-+--+-'-+-+--I 
; N o=-6mA,V65<0FFl•12V 

;;!' ro+-+--lf\.--'~"-f~~"'loc;•-:_;IOl'!m!!iA4'Wousl'-".OFj..'.F!..:)•~12c!'..V-+-i 
~ 

100 

80 

40 

20 

2.0 4.0 6.0 8.0 
Vp 1Volt1l 

Swit<:hing Characteristics 
Turn-Off Time 

VS 
Drain Current 

~ 2N5019,~(0FF)•7V 

\ ~)7 
f\r-.. 
~~ 

V' ~ 
2N501e,vGS (OFF)• t2V I' t---

2.0 4.0 6.0 8.0 
?0'CniAl 

10.0 

10 

MIN. MAX. UNIT 

15 nsec 
25 

50 nsec 
100 

45 pf 

10 

10 

Common Source-Drain 
Characteristics 

pf 

• 
-40f--+-TJ25"C:i-.+---1--1---l----1--+--I 

2N5018 

+4V 

-10 
VorDRAIN-SOURCE VOLTAGE (Voll•) 

Switching Characteristics 
Rise Time 

VS 
Pitch-Off Voltage 

sol--l---1---l--1---1---l-+---l---l--l 

-20 

U - ••• --l---l-l'\.--41--1--v-•~•·_-~"!'--+--l---l--l _ ""r- \ •IolNDEPENDENT 

I:! 

~ \ 
301--1---+-l-...... -+-I-+--+-~ 
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151---l---l---t-+---l~-""ol.,--l---l---l--l 

1'1-
2.0 3,0 4.0 7.0 

Vp IVolhl 

"On" Resistance and Drain Current 
vs 

Pinch-Off Voltage 
100,--,Tf.---r--r-;r--r-·-r-;-.,----,----, 200 

-: 80 l\- _L_ .___,'--'-\"--_,___,__-vos•-2ov L 1 
\ VRp- ~TTIID:~nlAmA y 60 0 i ~~ 1 2 

a•o I\ vl::.t-t-120; 
~ Ro\ _ _L e 
5 1' v i:i 
~401---l--+-+L'\.--'l.,_,'!-~--l--l---+--IBO°' .. ~. ""' ~ V"" m~ 
~ IZ 1'--- "' 

M 2Q r-- ,__ 40 

ii 
IO 
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Transconductance 
vs 

Pinch-Off Voltage 

j 1s I / 
! t-+---+--+-+17-----~-+-t-+---+------l 
~ 12!---+--+---+-T+---+-+--+-+--+--I 

I ? V05 =-20V 

~ 8 17 
li 
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VGs "OV +--1--t--l 
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Vp-PINCH-OFF VOLTAGE (Volts) 

Normalized rds 
vs 

VGS 

LL.I 50 ~ Vp AT Vos•-15V•-+-+--+-+--+1'--" 
~ ~Io=l11-A 

i:i 
_rr. 20 !---+--+---+-!---+--f---+---'f--1+--j 

Lo 1 
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~~2f---l--+--+--p>+=-~].2"--!-!---+-~ 

~ 
I O 0.2 DA 0.6 Q.8 1.0 

VGs/Vp-NORMALIZED GATE TO SOURCE VOLTAGE 

Leakage Current 
vs 

Voltage 

l'--'--'---'--'--~-'--...L-'---'----J 
10 20 30 40 50 

VoG (VsGHVotts) 

Drain-Source "On" Voltage 
vs 

Drain Current 

4 6 
10-0RAIN CURRENT (mA) 

Output Conductance 
vs 

Drain Current 

"' 

1~1.L,----~.2,..--_.l__L __ ~.5,--L_L...LL_Ll----~2'----1-_L--~5,--L_L...LLJ_IO 
Io-DRAIN CURRENT (mA) 

1.75 

1.5 

~ 
u 

Normalized "On" Resistance 
vs 

Ambient Temperature 

v 
f--t-IJ-lmA [Z 

Yos=OV 

~ 
~ 1.25 v g 

t7 
7 

/ 

~ 
ij~ 1.0 

0: .75 

7 
17 

.5 
-50 0 50 100 150 

TA-AMBIENT TEMPERATURE !-Cl 

Gate Leakage Current 
vs 

Temperature 
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IoCOFFI IU 
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o.o f---+-+--r<::""'..-F--f--+-1---+-l--t.Y looollsoo 
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T-.-TEMPERATURE C-C) 

Transconductance 
vs 

Drain Current 
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i ~~rk-;~SV y 
!5!---+-1--+-+-+-+-H+---tiA-+-+-++++< i • !---+-+-l-++-f+++-v_,_L-+--+-+-+-f-++-+-j 

i!i •l----+--1--+-+-+.,i.<1-++---+-+-+-+-+-l-l--I-< 
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~I -:.2 -.5 -1 -2 -5 
Io-DRAIN CURRENT (mA) 

Drain Current 
vs 

Gate-Source Bias 
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Input Capacitance 
vs 

Gate-Source Voltage 

i'j ~ 
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~ ~ 
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u O>t--+-+---+-+---l--+---i--+---1----1 

I 2 3 4 
VGs-GATE-SOURCE VOLTAGE (VoHt) 



10 

Junction Capacitance 
vs 

Normalized Bias 

I-­

I--

1--

I--

0.0 8 

7 0.0 

~0.06 
:; 
~ 0.0 
~ 

~ 
5 I\ 

~ 0.04 

~ 0.0 3 

I 
: 0.0 2 

o.o I 

t-
~n 

Noise Voltage/Current 
vs 

Frequency 

Tr 
Vos"-5V 
VGs=O 
TA• 25°C 

+-
In 

• o o 0.2 OA 0.6 0.8 1.0 1.2•r 2.8 3.0 

Vsct~os1 NORMALIZED VOLTAGE 

Voo 

10 20 50 100 200 500 I 2 

R L = 910Q 
lo(ON) = 6.0 mA 
VGS(OFf)= +12 

VGS(ON)=OV 
Voo = -6V 

Input Pulse 
Rise Time < 1.0 ns 
Fall Time< 1.0 ns 

FREQUENCY (Hz) 

Pulse Width s 110 ns, 10% Duty-Cycle 
Gen. Source I mp. "' IOOQ 

Oscilloscope 
Rise Time "' 0.4 ns 
Input Resistance "' 9.8 MQ 
I n put Capacitance s 1.7 pf 

Figure 1. 

10 20 

Vos(off)f r 
VGS(ONJL_j 

0.08 

0.o7 

0.01 

~ 

Noise Figure 
vs 

Frequency 

1T 
1T 

Vos•-5V 
Ra•IMO 
Vos•O 
rA•2s•c 

O 10 20 50 100 200 500 IK 2K 5K IOK 20K IOOK 

Vo 

f-FREQUENCY (Hz) 

RL = l.8k 
lo(ON) = 3 mA 
VGs(OFF) = +7V 

VGs(ON) = OV 

Voo = -6V 

Input Pulse 
Rise Time< 1.0 ns 
Fall Time< 1.0 ns 
Pulse Width s 100 ns, 10% Duty Cycle 
Gen. Source I mp. s lOOQ 

Oscilloscope 
Rise Time s 0.4 ns 
Input Resistance "' 9.8 MQ 
Input Capacitance s 1.7 pf 

Figure 2. 

""'"' AMELCO SEMICONDUCTOR • A TELEDYNE COMPANY • 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos -30 Volts 

Drain-Gate Voltage VoG -30 Volts 

Reverse Gate-Source Voltage VGS -30 Volts 

Gate Current IG 10 mA 
Total Device Dissipation Po 

@TA= 25°c 300 mWatts 
Derating Factor Above 25°C 

@TA= 25°C 2.5 mW/°C 

Storage Temperature Tstg -55to +125 ·c 

Junction Temperature TJ +125 ·c 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBRIGSS IG = 1.0 µA, V0s = 0 30 

Gate-Source Cutoff Voltage VGSIOFFI 
P1086E V0s = -15 V, 10 = 1.0 µA 
P1087E V0s = -15 V, 10 = 1.0 µA 

Drain-Source "On" Voltage VOSIONI 
P1086E lo= -6.0 mA, VGS = 0 
P1087E 10 = -3.0 mA, VGs = 0 

Gate Reverse Current IGss VGs = 15 V, V0s = 0 

Zero-Gate-Voltage Drain Current loss 
P1086E Vos= -20V, VGS =0 -10 
P1087E V0s = -20V, VGs = 0 -5 

Drain Cutoff Current lo10FFI 
P1086E V0s = -15 V, VGs = 12 V 
P1087E V0s = -15 V, VGs = 7.0 V 
P1086E Vos= -15 v, VGS = 12V, TA= 85°C 
P1087E V0s = -15 v, VGs = 1.0 v, TA= 85°C 

Drain Reverse Current loGO V0G = -15 V, Is= O 
V0G = -15V, Is= 0, TA =85°C 

Drain-Source "ON" Resistance ros10N1 
P1086E lo = 1.0 mA, v GS = 0 
P1087E lo = 1.0 mA, v GS = 0 

Drain-Source "ON" Resistance rdslONI 
P1086E VGs = 0, 10 = 0 

f = 1.0 kHz 
P1087E VGs = 0, 10 = O 

f = 1.0 kHz 

Rise Time tr 
P1086E See Figure 1 
P1087E See Figure 2 

Delay Time td 
P1086E See Figure 1 
P1087E See Figure 2 

Printed in U.S.A. 3503 

NOVEMBER 1968 

P1086E 
P1087E 

"' . 
'"" 

~ ~ ~J 
-11-e--O§oLi::n':° 

NOTES• ALL LEAOli ELECTRICALLY ISOLATED FROlllCASE 
ALLDlllENSIONSININalES 

MAX. UNIT 
Volts 

10 Volts 
5 

-0.5 Volts 
-0.5 

2.0 nA 

mA 

10 nA 
10 
0.5 µA 
0.5 

2.0 nA 
0.1 µA 

75 Ohms 
150 

75 Ohms 

150 

20 nsec 
75 

15 nsec 
15 



CHARACTERISTIC 
Turn-Off Delay Time 

P1086E 
P1087E 

Turn-Off Time 

! 

P1086E 
P1087E 

Input Capacitance 

Reverse Transfer Capacitance 

-· 

P1086E 

P1087E 

Common Source-Drain 
Characteristics 

~ -6 

a f--+--+--1-/---¥--17£-1-+---t:--t""""'l 
z 
~ -4>---+---+--+--<7---¥---+--.<~+---+----t---i 

15 

-o.s -1.0 
V05-DRAIN-SOURCE VOLTAGE (Volts) 

Common Source-Drain 
Characteristics 

-161---1 r.,Js-c +--+----t-+---+--+-+----1 
PIOB7E 

v.,~ 
ffi -12f--+-+-l-:;,P..-f~f-+--+-f---l 
"' I .-V +.5V I -+-+--1 a ~_J ~ 

~-a v ~+IV 
~ v ~+1.5V 
-·~~~v~-!1--:t1--~-~·~2vS=t:!~ ~ +2.!lV 

' °o~+---+-~~+--_~,o~-+---+-~'--"-20 

VorDRAIN-SOURCE VOLTAGE (Volt.) 

Switching Characteristics 
Turn-Off Delay Time 

vs 
Drain Current 

25.----,--,-~~-.~-~-.~-~-.-, 

20 t---t---+~-'<~t--"+-"="~C07F~F1~·2_V+---+-t--1 
~"ld 

• Vp INDEPENDENT 

4.0 6.0 8.0 10 
Io(m-Al 

SYMBOL TEST CONDITIONS 

tdlOFFl 

tfOFFl 

C;ss 

crss 

See Figure 1 
See Figure 2 

See Figure 1 
See Figure 2 

V0s = -15 V, V6 s = 0 
f = 1.0 MHz 

V0s=O,V65 =12V 
f=1.0MHz 

V0s = 0, V65 = 7.0V 
f = 1.0 MHz 

Common Source-Drain 
Characteristics 

-o.s -1.0 

25 

20 

15 
0 

~ 
v 
- 10 

f--

Vos.:DRAIN-SOURCE VOLTAGE (Volts) 

Switching Characteristics 
Delay Time 

vs 
Pitch-Off Voltage 
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Switching Characteristics 
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MIN. MAX. UNIT 
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50 
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10 

10 

Common Source-Drain 
Characteristics 
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pf 

pf 

-40f--+-T J20"Ct--+---+--IC-+--t--t--1 
P1086E 
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Vos-DRAIN- SOURCE VOLTAGE (Voltd 

Switching Characteristics 
Rise Time 

vs 
Pitch-Off Voltage 
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vs 
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Transconductance 
vs 

Pinch-Off Voltage 
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vs 
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100 
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Junction Capacitance 
vs 

Normalized Bias 
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Noise Voltage/Current 
vs 

Frequency 

lll 
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Vescom--, r 
Yes10NJL_J 

Yoo 

10 20 50 100 200 500 I 2 

R L • 910Q 
lo{ON). 6.0 mA 
VGS{OFF). +12 
VGs{oNJ = OV 
Voo • -6V 

Input Pulse 
Rise Time< 1.0 ns 
Fall Time< 1.0 ns 

FREQUENCY (Hz) 

Pulse Width "' 110 ns, 10% Duty Cycle 
Gen. Source Imp."' lOOQ 

Oscilloscope 
Rise Time "' 0.4 ns 
Input Resistance "' 9.8 MQ 
~nput Capacitance"' 1.7 pf 

Figure 1. 
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Noise Figure 
vs 

Frequency 
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Vo 

f-FREQUENCY (Hz) 

RL • 1.8k 
lo{ON). 3 mA 
VGS{OFF) = +7V 
VGs{oNJ • rJV 
V00 • -6V 

Input Pulse 
Rise Time< 1.0 ns 
Fall Time< 1.0 ns 
Pulse Width "' 100 ns, 10% Duty Cycle 
Gen. Source I mp. "' lOOQ 

Oscilloscope 
Rise Time "' 0.4 ns 
Input Resistance "' 9.8 MQ 
Input Capacitance "' 1.7 pf 

Figure 2. 

~ AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 
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MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos 25 Volts 
Drain-Gate Voltage Vor;, 25 Volts 
Total Device Dissipation Po 

@TA =25°C 300 mW 
Deratlng Factor Above 25°C 

@TA =25°C 2.5 mwrc 
Storage Temperature Tstg -55to +125 oc 

Junction Temperature TJ +125 oc 

ELECTRICAL CHARACTERISTICS at 25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBRIGSS 16 = -10µA, Vos= 0 25 

Gate Reverse Current lsss V6 s = -15 V, Vos= 0 

Gate Reverse Current lsss (85°C) V6 s=-15V,V0s=0 

( 
Zero-Gate;Voltage Drain Current loss Vos=15V, V6 s=O 1.0 

Gate-Source Cutoff Voltage VGS!offl V0s = 15 V, 10 =1.0 µA -0.4 

Forward Transadmittance JY,,I V0s=15V, V6 s=0 1800 
f=1 kHz 

Output Admittance Vos V0s = 15 V, V6 s = 0 
f= 1 kHz 

Input Capacitance C;ss V0s = 15 V, V6 s = 0 
f = 1 MHZ 

Reverse Transfer Capacitance c .. , V0s=15V, V6 s=0 
f = 1 MHz 

Noise Figure NF V0s = 15 V, 10 = 1 mA 
Rs= 150 Kohm, f = 1 kHz 

BW= 150 Hz 

( 

Printed in U.S.A. 
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2N5163 

~ 
11nr1-f 
lL~J 

ILODI 

llOTll• Al:L LPD1 t:LECTIHCALLY ISOLATED FROM eASE 
111.L-lllllllCllll 

MAX. UNIT 
Volts 

10 nA 

0.6 µA 

40 mA 

-8.0 Volts 

µmhos 

200 µmhos 

12 pF 

3.0 pF 

3.0 dB 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Gain Voltage VDG 70 Volts 
Reverse Gate-Source Voltage VGs 70 Volts 
Gate Current IG 10 mA 
Total Device Dissipation Po 

@TA=25°C 300 mW 
Derating Factor above 25°C 

@TA= 25°C 1.71 mW/°C 
Storage Temperature Range Tstg -65to +200 oc 
Operating Junction Temperature TJ 200 oc 
Lead Temperature, Yi 6 inch from 300 oc 

case, 1 O seconds max. 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBRJGSS IG = 1.0 µA, V0s = O 70 
Gate-Source Cutoff Voltage VGS!OFFJ 

2N5391 V0s = 2ov •. 10 =1.0 nA 0.5 
2N5392 0.5 
2N5393 1.0 
2N5394 1.0 
2N5395 1.5 
2N5396 2.0 

Gate-Source Voltage VGS 
2N5391 V0s = 20 V, 10 = (**) 0.1 
2N5392 0.3 
2N5393 0.5 
2N5394 0.7 
2N5395 1.0 
2N5396 1.2 

Gate Reverse Current IGSS V6 s = -35 V, V0s = O 
VGs= -10V, V0s = 0 

Zero-Gate Voltage Drain Current loss 
2N5391 V0s = 20V, VGs = 0 0.5 
2N5392 1.0 
2N5393 2.5 
2N5394 4.0 
2N5395 5.5 
2N5396 7.5 

Forward Transadmittance IY1,I 
2N5391 V0s = 20V, VGs = O 1500 
2N5392 f = 1 kHz 2000 
2N5393 3000 
2N5394 4000 
2N5395 4500 
2N5396 4500 

Forward Transadmittance IY1,I 
2N5391 Vos= 20 V, 10 = ••• 1000 
2N5392 f = 1 kHz 1000 
2N5393 1000 
2N5394 2000 
2N5395 1900 

(' 2N5396 1800 

Printed in U.S.A. 

SEPTEMBER 1968 

2N5391 
THRU 

2N5396 

PHYSICAL DIMENSIONS 
IN ACCORDANCE WITH 

JEOEC (TO 18) OUTLINE 
NOT!: : ALL otNENSIONS tN INCHES 

::~····----r-1~----r 
.190 .... 

.020MAX.- --t 
3 LEADS ·1~,ft!IDOMIN 
.017~~~ OIA.1 U U 

·.~DIA. 

GATE IS INTERNALLY CONNECTED TO CASE 

MAX. UNIT 
Volts 

2.0 Volts 
2.5 
3.0 
4.0 
4.0 
5.0 

1.1 Volts 
1.4 
1.6 
1.8 
2.1 
2.6 
0.2 nA 
0.1 

1.5 mA 
3.0 
4.5 
6.0 
8.0 
10 

4500 µmhos 
6000 
6500 
7000 
7000 
7500 

µmhos 



CHARACTERISTIC 
Input Capacitance 

Reverse Transfer Capacitance 

Output Admittance 
2N5391 
2N5392 
2N5393 
2N5394 
2N5395 
2N5396 

Output Admittance 
2N5391 
2N5392 
2N5393 
2N5394 
2N5395 
2N5396 

Noise Figure 

Equivalent Input 
Noise Voltage 

Notes: (* *) 2N5391 
Notes: (* *) 2N5392 
Notes: (**) 2N5393 
Notes: (* *) 2N5394 
Notes: (* *) 2N5395 
Notes: (* *) 2N5396 

10 = 0.05 mA 
10 = 0.10 mA 
10 = 0.25 mA 
10 = 0.40 mA 
10 = 0.55 mA 
10 = 0.75 mA 

SYMBOL TEST CONDITIONS 

ciss 

crss 

I Yos I 

I Yos I 

NF 

En 

V0s = 20V, VGs = 0 
f=0.14-1.0MHz 

V0s = 20 V, VGs = 0 
f=0.14-1.0MHz 

V0s = 20V, VGs = 0 
f = 1 kHz 

V0s = 20V, 10 = (***) 
f = 1 kHz 

Vos= 20V, VGS = 0, 
RG = 1MQ,f=100 Hz, NBW = 6 Hz 

Vos= 20 v, VGS = 0, 
RG = 10 Kl:l, f = 100 Hz, NBW = 6 Hz 

V0s = 20V, VGs = 0, 
RG = 10 Kl:l, f = 1 kHz, NBW = 200 Hz 

V0s = 20V, VGs = 0, 
RG = 1 Kn, f = 1 kHz, NBW = 200 Hz 

V0s = 20 V, VGs = 0, 
RG = 1MQ,f=10 Hz, NBW = 6 Hz 

V0s = 20 V, VGs = 0 
f = 10 Hz, NBW = 6 Hz 

VOS = 20 V, V GS = 0 
f = 100 Hz, NBW = 6 Hz 

(***) 2N5391 
(***) 2N5392 
(* * *) 2N5393 
(* * *) 2N5394 
(* * *) 2N5395 
(* * *) 2N5396 

10 = 200 µA 
10 = 200 µA 
10 = 200 µA 
10·= 700 µA 
10 = 700 µA 
10 = 700 µA 

MIN. MAX. UNIT 
18 pf 

5.0 pf 

4.0 µmhos 
7:0 
10 
15 
20 
25 

2.0 µmhos 
2.5 
3.0 
8.0 
10 
12 

1.0 db 

2.5 

1.5 

5.0 

2.0 

H.5 nv/ VHz 

10 
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( 

MAXIMUM RATINGS 
CHARACTERISTIC 
Drain-Source Voltage 
Drain-Gain Voltage 
Reverse Gate-Source Voltage 
Gate Current 
Drain Current 
Total Device Dissipation 

@TA= 25°c 
@Tc= 25°c 
@Tc= 100°c 

Derating Factor above 25°C 
@T~ = 25°c 

Storage Temperature Range 

Operating Junction Temperature 

SYMBOL 
Vos 
VoG 
VGS 
IG 
lo 
Po 

RATING UNIT 
30 Volts 
30 Volts 
-30 Volts 
10 mA 
30 mA 

300 mWatts 

2.5 mw1°c 
-55to +125 

+125 ·c 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBR!GSS IG = -1.0 µA, V0s = 0 30 

Gate-Source Cutoff Voltage VGS!OFFl V0s = 15V, 10 =1.0µA -0.5 

Gate Reverse Current IGSS VGS = -20V, Vos= 0 
VGs = -20V, V0s = 0, 

TA= +85°c 

Zero-Gate :Voltage Drain Current loss V0s = 15 V, VGs = 0 4.0 

Forward Transadmittance ·1v1,I Vos= 15 v, VGS = 0 4500 
f = 1 kHz 

Forward Transadmittance IY1,I V0s = 15 V, VGs = 0 4000 
f = 200 MHz 

Drain-Source "ON" Resistance rOSIONl 10 = 1 mA, VGs =;= 0 

Input Capacitance ciss Vos= 15 v, VGS = 0 
f = 1 MHz 

Reverse Transfer Capacitance crss V0s = 15 V, VGs = 0 
f = 1 MHz 

... 

Input Admittance JY;,J V0s=15V,VGs·=O 
f = 200MHz 

Output Admittance J Yos J V0s = 15 V, VGs = 0 
f = 200MHz 

Power Gain Gps V0s=15V,VGs=0 15 
f = 200 MHz (Figure 1) 

Noise Figure NF V0s = 15 V, RG = 1 MfJ, 
V Gs = O, f = 10 Hz, BW = 5 Hz 

Noise Figure NF V0s = 15V, RG = 1 KfJ, 

!-----· 
VGS = 0, f = 200 MHz, (Figure 1) 

Printed in U.S.A. 
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u1837E 

PHYSICAL DIMENSIONS 
IN ACCORDANCE WITH 

R0-9f8 O:JTLINE 

-i" 
"o 

~ __ .1 
-i I- 020 DIA MA~ 3 LEADS 

~--11 

SOURC~ 1 r GATE ~*--1,0""' ·.·I 
- - ',~f--- -- MOISTURE 

I PROOF SEAL 

LEADS ELECTRICALLY ISOLATED FROM CASE 

NOTE ALL DIMENSIONS IN INCHES 

MAX. UNIT 
Volts 

-8.0 Volts 

-0.25 nA 
-15 nA 

25 

10000 µmhos 

µmhos 

300 Ohms 

6.0 pf 

2.0 pf 

800 µmhos 

150 µmhos 

db 

5.0 db 

3.0 db 
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Characteristics 
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Reverse Transfer Capacitance 
VS 

Drain-Source Voltage 

5 10 15 20 
Vos-DRAIN-SOl,RCE VOLT~ ("19th) 

Noise Voltage/Noise Figure 
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• LOWtEAKAGE 

MAXIMUM RATINGS 

.----
CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Source Voltage Vos 40 Volts 
Drain-Gain Voltage VDG 40 Volts 
Total Device Dissipation Po 

@TA=25°C 300 mW 
Derating Factor above 25°C 

@TA= 25°C 2.5 mW/°C 
Storage Temperature Range Tstg -55 to +125 oc 
Operating Junction Temperature TJ +125 oc 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain-Gate Breakdown Voltage BVDGO 10 = 1.0 µA, Is = 0 40 
Source-Gate Breakdown Voltage BVsGo Is ::::: 1.0 µA, 10· = 0 40 
Gate-Source Cutoff Voltage VGS!OFF! 

U1897E V0s = 20 V, 10 = 1.0 nA 5.0 
U1898E 2.0 
U1899~ 1.0 

Drain Source "ON" Voltage Vosronl lo=(**), VGs = 0 
Gate-Drain Leakage Current IDGO VDG = 20 V, 15 = 0 
Gate-Source Leakage Current lsGo VsG = 20 V, lo= 0 
Drain Cutoff Current l~IOFF! VGs = (** *), V0s = 20V 

VGs = (***), V0s = 20 V, 
TA= +85°C 

Zero-Gate Voltage Drain Current loss * 
U1897E V DS = 20 V, V GS = 0 30 
U1898E 15 
U1899E 8.0 

Drain-Source "ON" Resistance rDS(ON! 
U1897E lo = 1.0 mA, v GS = 0 
U1898E 
U1899E 

Input Capacitance ciss V DS = 20 V, V GS = 0 
f = 1 MHz 

Drain-Gate Capacitance CDG V0G = 20 V, 15 = 0 
f = 1 MHz 

Source-Gate Capacitance CsG VsG = 20 V, 10 = 0 
f = 1 MHz 

Printed in U.S.A. 
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PHYSICAL 01MENS10NS 
IN ACCORDANCE w1ri.; 

R0-918 OUTLINE 

"' --, 
~-" 

"' f l _ __!_ 
-j j-- 020 OIA MA)( J LEADS ,,, 

~--n DRAIN 

SOURCE I . I GATE 0*-lr , ·I 
--,~~> ~ 

I MOISTURE 
I PROOF SEAL 

LEADS ELECl'RICAL_I ISOLATED FROM CASE 

NOTE All DIMENSIONS IN INCHES 

MAX. UNIT 
Volts 
Volts 

10 Volts 
7.0 
5.0 
0.2 Volts 
0.2 nA 
0.2 nA 
0.2 nA 
10 nA 

mA 

30 Ohms 
50 
80 
16 pf 

5.0 pf 

5.0 pf 



CHARACTERISTIC SYMBOL TEST CONDITIONS 
Rise Time t, 

U1897E See Figures 1 & 2 
U1B98E 
U1899E 

Delay Time td 
U1897E See Figures 1 & 2 
U1898E 
U1899E 

Turn-OFF Time to ff See Figures 1 & 2 
U1897E 
U1898E 
U1899E 

NOTES: *Measure 
* *U1897E 

U1898E 
U1899E 

under p.ulse conditions: pulse width ~ 300 µsec; duty cycle 

lo= 6.6 mA ***U1897E VGS!OFFI = -12V 
lo = 4.0 mA U1898E v GS!OFFI = -8.0 v 
10 = 2.5 mA U1899E VGsroFFJ = -6.0 V 

3.0VDC 
OY 

INPUT WAVEFORM 

t,•tt :S. 1.0 nSEC 

~ 3%. 

MIN. MAX. UNIT 

10 · nsec 
20 
40 

15 nsec 
15 
20 

40 nsec 
60 
80 

PULSE WIDTH 

Vas (OFF)--+--+'-----~ I 

SKL MODEL 
003.< 

OR EQUIV, 

Figure 1 

0.!5 1.0 

Vos-DRAIN-SOURCE. VOLTAGE(VOLTSI 

TEKTRONIX ... 
SAMPLING 

SCOPE 
Oft EQUIV. 

R•_!.:!_ 
to Ion> 

(SEE NOTE 2) 

(SEE NOTE 3) 

OUTPUT WAVEFORM 

Common Source-Drain Characteristics 

., t, 

Figure 2 

TA• 2!5•c -+---+-+--+-~--+-.C-+--1 
U189~E 

o.~ 

Vos-DRAIN-SOURCE VQTAGE (VOLTS) 
1.0 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 

Total Device Dissipation Po 
Each Side I Both Sides 

250 300 mW 

Storage Temperature Tstg -55 to +200 ·c 

Junction Temperature TJ +200 ·c 

Derating Factor above 25°C 
@TA= 25°c 1.7 mW/°C 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain to Gate Breakdown Voltage BVoGo 10 = 1.0 µA, Is = 0 30 

Pinch off. Voltage Vp V0s = 10V, 10 = 0.5 nA 

Gate Leakage Current IG VoG = 10V, lo= 0.2 mA 

Gate Leakage Current 1G(100°cJ V0G = 10V, 10 = 0.2 mA 

Total Gate Leakage Current IGSS V GS = -10 V, VOS = 0 
VGs = -1ov, V0s = o, TA= 100°c 

Saturation Current loss Vos= 10V, VGS = 0 1.0 

Transconductance gm V0s = 10V, VGs = 0 1000 
f = 1 kHz 

Transconductance gm v OG = 10 V, lo = 0.2 mA 700 
f = 1 kHz 

Transconductance Ratio gmJgm2 • V0G = 10 V, 10 = 0.2 mA 0.95 
·-

Gate to Source Voltage Differential VGSi-VGS2 V0G = 10V, 10 = 0.2 mA 

Gate to Source Voltage Differential Drift t>I v GSl-V GS2 I! t> T 
SU2098 VoG = 10 V, lo= 0.2 mA 
SU2099 TA = 0°c to 100°c 

Input Capacitance ciss V05 =10V,VG5 =0 
f = 1 MHz 

Output Capacitance Coss V0s=10V,VGs=O 
f = 1 MHz 

Input Conductance IY;,I V0s=10V,VGs=0 
f = 1 MHz 

Output Conductance I Yos I VoG=10V,lo=0 
f = 1 MHz 

Noise Figure NF V0s=10V,RG=1 Mli 
f = 100 Hz 

•The lowest gm reading is taken as gm 1 for this ratio. 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Total Device Dissipation PD One Side I Both Sides 

@TA= 25°c 250 300 mW 

Derating Factor above 25°C 
@TA= 25•c 1.7 mW/°C 

Storage Temperature Tstg -55 to +200 •c 

Junction Temperature TJ +200 ·c 

ELECTRICAL CHARACTERIST_ICS at + 25 ° C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain-Gate Breakdown Voltage BVDGO ID = 1.0 µA, 15 = 0 50 

Gate-Source Voltage VGS VDs = 10 V, ID= 0.1 mA 0.2 

Total Gate Leakage Current l·GSS VGS = -30V, VDS = 0 
vGs = -3ov, vDs = o, TA= 100°c 

Gate Leakage Current IG VD6 =10V, ID= 0.7 mA 
VDG = 10V, ID= 0.7 mA, TA= 100°C 

Saturation Current IDSS VD5 =10V,V55 =0 1.0 

Pinch Off Voltage Vp VDs = 10V, ID= 1.0 nA 

Input Conductance gis VDS = 10V, VGS = 0 
f = 1.0 MHz 

Output Conductance gos vDG = 10 v, 1D = o.7 mA 
f = 1.0 MHz 

VDS = 10V, V55 = 0 
f = 1.0 kHz 

Input Capacitance C;, VD5=10V,V55 =0 
f = 1.0 MHz 

Output Capacitance cos VDs = 10V, V55 = 0 
f = 1.0 MHz 

Noise Figure NF VDS = 10 V, R5 = 1.0 M!1 
f = 1.0 kHz 

Transconductance gm VDS = 10V, V55 = 0 1500 
f = 1.0 kHz 

VDG = 10V, ID= 0.7 mA 1500 
f = 1.0 kHz 

Transconductance Ratio gm ,/9m2 VDG = 10V, ID= 0.7 mA 0.95 

Gate-Source Voltage Differential V551-VGS2 
2N3921, 22 VDG = 10 V, ID= 0.7 mA 
2N4084, 85 

Gate-Source Voltage Differential A I VGs1-VGs2 I /AT 
Drift V DG = 1 O V, ID = 0.7 mA 

TA= o•c to 100°c 
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( 

MAXIMUM RATINGS 
--

CHARACTERISTIC SYMBOL RATING UNIT 
Total Device Dissipation Po One Side Both Sides 

@TA= 25°C 250 300 mW 
@Tc=25°C 
@Tc=100°C 

Derating Factor above 25°C 
@TA= 25°C 1.7 mW/°C 

Storage Temperature Range Tstg --55 to +200 oc 

Operating Junction Temperature TJ +200 oc 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBRlGSS IG = 1.0 µA, V0s = 0 50 

Gate-Source Cutoff Voltage VGS!OFFl V0s = 10V, 10 = 0.5 nA 0.5 

Gate-Source Voltage VGS V0G = 10V, 10 = 0.2 mA 0.5 

Total Gate Leakage Current IGSS VGs = -10 V, Vos= 0 
VGs = -10 V, Vos= 0, 
TA=+100°c 

Gate Leakage Current IG VoG = 10V, lo= 0.2 mA 
V0G = 10 V, 10 = 0.2 mA, 
TA= +100°C 

Gate Leakage Current Differential IG1-IG2 V0G = 10 V, 10 = 0.2 mA 
VoG = 10 v, lo= 0.2 mA, 
TA= +100°c 

Zero-Gate Voltage Drain Current loss V0s = 10V, VGs = 0 1.0 

Transconductance gm V0G = 10V, 10 = 0.2 mA 700 
f = 1 kHz 

Transconductance gm VoG=10V,VGs=0, f=1 kHz 1500 

Transconductance Ratio gml/gm2 V06 =10V, 10 = 0.2 mA 0.95 

Gate-Source Voltage Differential VGs1-VGS2 V0G = 10V, 10 = 0.2 mA 

Gate-Source Voltage Differential Drift AjV GS1-VGs2il AT 
SU2098A V0G = 10V, 10 = 0.2 mA 
SU2099A TA= 0°Cto +100°C 
SU2098B 

Input Capacitance C;,, V0s = 10 V, VGs = 0, f = 1 MHz 

Reverse Transfer Capacitance crss V0s=10V,VGs=0,f=1 MHz 

Input Conductance gis V0s = 10 V, V6 s = 0, f = 1 MHz 

Output Conductance gos V0G=10V,10 =0, f=1 kHz 

Output Conductance Differential gos I - gos2 V0G = 10V, 10 = 0.2 mA 
f = 1 kHz 

Noise Figure NF Vos=10V,RG=1 Mn 
f = 100 Hz, BW = 6 Hz 

Equivalent Input Noise Voltage En V0s = 10V, VGS = 0 
f = 1 kHz 

( 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Total Device Dissipation Po One Side l Both Sides 

@TA= 25°c 300 250 mW 

Derating Factor Above 25°C 
@TA= 25°c 1.7 mW/°C 

Storage Temperature Tstg -55 to +200 •c 

Junction Temperature TJ +200 ·c 

ELECTRICAL CHARACTERISTICS at + 25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Drain-Gate Breakdown Voltage BVOGO 10 = 1.0 µA, Is = 0 50 

Gate-Source Voltage VGs V0s = 10 V, 10 = 25 µA 0.2 

Total Gate Leakage Current IGSS V6 s = 10V, V0s = 0 
V6 s = 1ov, V0s = o, TA= 100°c 

Gate Leakage Current IG VoG = 10V, lo= 0.2 mA 
V06 =1ov, 10 = 0.2 mA, TA= 100°c 

Saturation Current loss Vos= 10 V, VGS = 0 0.25 
.. 

Pinch Off Voltage VP V0s = 10 V, 10 = 0.5 nA 

Transconductance gm V06 =10V, 10 = 0.2 mA 300 
f = 1.0 kHz 

V0s = 10 V, V6 s = 0 300 
f = 1.0 kHz 

Input Conductance gis Vos= 10 V, VGS = 0 
f = 1.0 MHz 

Output Conductance gos Vos= 10 V, VGS = 0 
f = 1.0 kHz 

V06 =10V, 10 = 0.2 mA 
f = 1.0 MHz 

Input Capacitance cis Vos= 10 V, VGS = 0 
f = 1.0 MHz 

Output Capacitance cos V0s=10V,V6 s=0 
f = 1.0 MHz 

Noise Figure NF V0s = 10V, R6 =1.0MU 
f = 100 Hz 

Transconductance Ratio gml/gm2 
. V06 = 10 V, 10 = 0.2 mA 0.95 

Gate-Source Voltage Differential VGSl-VGS2 
2N3934, 2N3935 V06 =10V, 10 = 0.2 mA 
2N4082, 2N4083 

Gate-Source Voltage ~I VGs1-VGs2 I I ~T V06 = 10 V, 10 = 0.2 mA 
Differential Drift TA= 0°c to 100°c 

2N4082, 2N3934 
2N4083, 2N3935 

• The lowest gm reading is gm 1 for this ratio. 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
Drain-Gain Voltage VoG 30 Volts 
Reverse Gate-Source Voltage VGs 30 Volts 
Drain-Drain Voltage Voo 30 Volts 
Gate Current IG 10 mA 
Total Device Dissipation Po One Side Both Sides mWatts 

@TA= 25°C 250 300 
Derating Factor above 25°C 2.0 2.4 mW!°C 

@TA=25°C 
Storage Temperature Range T,19 -55to +200 oc 

Lead Temperature, Yi. 6 inch from 300 oc 
case, 10 seconds max. 

ELECTRICAL CHARACTERISTICS at +25°C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBRlGSS 16 = 1.0 µA, V0s = 0 30 
Gate-Source Cutoff Voltage VGSIOFFl 

DP1001-DP1004 V0s = -10V, 10 = -1.0 nA 0.5 

( 

"' 
DP1005 0.5 

Gate-Source Voltage VGs 
DP1001-DP1004 V0s = -10 V, 10 = ~100 µA 0.2 
DP1005 0.2 

Gate Reverse Current IGSS V6 s=15V,V0s=0 
V6 s = 15V, V0s = 0, 

TA= 100°c 
Gate Leakage Current IG '7DG = -10 V, 10 = -700 µA 

V06 = -10 V, 10 = -700 µA 
TA= 100°c 

Zero-Gate Voltage Drain Current loss Vos= -10 v, VGS = 0 -0.8 
Forward Transadmittance IY1,I Vos= -10V, VGS = 0 1000 

f = 1 kHz 
Forward Transadmittance IY1,I V06 = -10 V, 10 = -700 µA 1000 

f = 1 kHz 
Output Admittance I Vos I V06 = -10V, 10 = -700µA 

f = 1 kHz 
Output Admittance IYos I V0s = -10 V, V6 s = O 

f = 1 kHz 
Input Capacitance C;ss V0s = -10V, V6 s = 0 

f = 0.14 MHz-1 MHz 
Reverse Transfer Capacitance crss Vos= -10 v, VGS = 0 

f = 0.14 MHz-1 MHz 
Noise Fig.ure NF V0s = -10V, RG = 1 M!:!, 

VGS = 0, f = 1 kHz, BW = 200 Hz 

( 

Printed in U.S.A. 
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2N5505 
THRU 

2N5509 

PHYSICAL DIMENSIONS 
IN ACCORDANCE WITH 
JEDEC ITOIBJ OUTLINE 

CUCEPT FOR PIN CONFIGUftATIONl 

MAX. UNIT 
Volts 

4.0 Volts 
5.0 

3.7 Volts 
4.5 
0.25 nA 
25 

0.20 nA 
25 

-7.0 mA 
3500 µmhos 

µmhos 

15 µmhos 

60 µmhos 

16 pf 

6.0 pf 
2.0 db 



MATCHING CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 
Differential Gate-Leakage Current IG1-IG2 V0G = -10 V, 10 = -700µA 50 pA 

VoG = -10V, lo= -700µA, 4 nA 
TA= 100°c 

Differential Output Admittance IYosl l-IYos2I V0s = -10 V, 10 = -700µA 1.5 µmhos 
f = 1 kHz 

Forward Transadmittance Ratio IY1sil/IY1,2I* 2N5505 V0G = -10V, 10 = -700µA 0.95 1.0 
2N5506 f = 1 kHz 0.95 1.0 
2N5507 0.95 1.0 
2N5508 0.95 1.0 
2N5509 0.90 1.0 

Gate-Source Voltage Differential VGs1-VGs2 
2N5505 VDG = -10 V, 10 = -700 µA 5.0 mV 
2N5506 15 
2N5507 5.0 
2N5508 15 
2N5509 25 

Gate-Source Voltage Differential Drift a1vGs1-VGs2I/ .iT 
2N5505 VDG = -10 V, 10 = -700 µA 10 µV!°C 
2N5506 TA= o•c to 100°c 10 
2N5507 15 
2N5508 25 
2N5509 50 

•The lowest Y1, reading is taken as Y1s 1 for this ratio. 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 
t-----orain-Gain Voltage VDG 30 Volts 

Reverse Gate-Source Voltage VGS 30 Volts 
Gate Current IG 10 mA 
Total Device Dissipation PD One Side Both Sides 

@TA= 25°C 250 300 mW 
Derating Factor above 25°C 

@TA= 25°C 2.0 2.4 mW/°C 
Storage Temperature Range Tstg -55 to +200 oc 
Lead Temperature, Yi. 6 inch from 300 oc 

case, 1 O seconds max. 

ELECTRICAL CHARACTERISTICS at + 25 ° C (Unless Otherwise Specified) 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. 
Gate-Source Breakdown Voltage VIBR!GSS IG = 1.0 µA, VDS = 0 30 
Gate-Source Cutoff Voltage VGSiOFFl 

DP1001-DP1004 VDs=-10V, ID=-1.0nA 0.5 
DP1005 0.5 

Gate-Source Voltage VGS 
DP1001-DP1004 VDs = -10 V, ID= -25 µA 0.2 
DP1005 0.2 

Gate Reverse Current IGSS V GS = 15 V, VOS = 0 
VGs=15V,V0s=0, 

TA=100°C 
Gate Leakage Current IG V0G = -10 V, 10 = -200 µA 

V0G = -10 V, 10 = -200 µA 
TA=100°C 

Zero-Gate Voltage Drain Current loss V0s=-10V,VGs=0 -0.25 
Forward Transadmittance IY1sl VOS = -1 0 V, V GS = 0 500 

f = 1 kHz 
Forward Transadmittance IYisl V0G = -10 V, 10 = -200µA 500 

f = 1 kHz 
Output Admittance I Yos I V0G = -10 V, 10 = -200 µA 

f = 1 kHz 

Output Admittance I Yos I V DG = -1 0 V, V GS = 0 
f = 1 kHz 

Input Capacitance ciss VDS = -10V, VGs = 0 
f = 0.14 MHz-1 MHz 

Reverse Transfer Capacitance crss Vos=-10V,VGs=0 
f = 0.14 MHz-1 MHz 

Noise Figure NF V0s = -10 V, RG = 1 M!J, 
v GS = 0, f = 1 kHz, SW = 200 Hz 

Printed in U.S.A. 
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2N5510 
THRU 

2N5514 

PHYSICAL DIMENSIONS 
IN ACCORDANCE WITH 
JEOEC (T018) OUTLINE 

(ElCEPTFORl'i .. CONflGLtRATIO .. I 

MAX. UNIT 
Volts 

4.0 Volts 
5.0 

3.7 Volts 
4.5 
0.25 nA 
25 

0.20 nA 
25 

-5.0 mA 
3000 µmhos 

µmhos 

10 µmhos 

60 µmhos 

16 pf 

6.0 pf 

2.0 db 



MATCHING CHARACTERISTICS at +25°C (Unless Otherwise Specified) 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNIT 

---D-if-fe-r-en-t-ia_l _G_a-te---Le_a_k_a-ge~C-u-rr-e-nt--+-- IG 1-IG2 
1---~--~---~-----+----+--~~--+--·-·----f 

V0 G = -10 V, 10 = -200µA 50 
VDG = -10 V, ID= -200µA, 4.0 

Differential Output Admittance 

Forward Transadmittance Ratio 

TA= 100°C 
VDG = -10 V, ID= -200µA 

f = 1 kHz 

2N5510 VDG = -10 V, ID= -200µA 0.95 
2N5511 f = 1 kHz 0.95 
2N5512 0.95 
2N5513 0.95 
2N5514 0.90 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

pa 
na 

µmhos 

1---------------+-·-----~---------------+-----+-----+------f 
Gate-Source Voltage Differential V 551 -V 552 

2N5510 
2N5511 
2N5512 
2N5513 
2N5514 

VDG = -10 V, ID= -200µA 5.0 
15 
5.0 
15 
25 

mV 

1-----------------·c-=+---·---~---------------+------+------t-----
Gate-Source Voltage Differential Drift 6.IV 551 -V 552 I/ 6. T 

2N5510 V05 = -10 V, 10 = -200µA, 
2N5511 TA = 0°C to 100°C 
2N5512 
2N5513 
2N5514 

10 
10 
25 
25 
50 

µV/°C 

~---------· _________ _______.__ _________ , _________________ ~---~----~-----' 
*The lowest Y1s reading is taken as Y151 for this ratio . 
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The Amelco 709 operational amplifier is designed for high performance applications and 
features silicon planar epitaxial construction on a single monolithic substrate. Outstanding 
electrical characteristics include low offset voltage and current, high input impedance, high 
common mode inp.ut range, and exceptional thermal stability. 

FREQUENCY 
COMPENSATION 

I 8 

7 
.------.---------+----+---------<o-----O+Vcc 

IOI< IOK 

INVERTING 
INPUT 

2f">---+-----------+----+-~ 

3 
NON-INVERTING 

INPUT 

3.6K 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range 

Operating Temperature Range 

Lead Soldering Temperature (60 sec.) 

Power Dissipation (Note 1.) 

Supply Voltage 

Input Voltage 

Differential Input Voltage 

Output Short-Circuit Duration (TA= 25°C) 

20K 

IK 

,---.__,wv--+-----06 
30K OUTPUT 

---+---+--05 
FREQUENCY 

COMPENSATION 

-65°C to +150°c 

-55°c to + 125°c 

300°c 

300mW 

±18 v 
±10V 

±5V 

5 sec. 

Note 1. Rating applies for case temperatures to +125°C, derate linearly at 5.6 mW/°C 
for ambient temperatures above +95°C. 

Printed in U.S.A. 
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709 

E PACKAGE 

f-:Wo1A.=J 

II~ .1e5 .040 

.~~[~ ~fMAX .010 '-I .500 
- MIN. n 8 LEADS 

~ u W.01A 
fil•• lJ .~ . 

PIN 4 IS INTERNALLY CONNECTED TO CASE 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

5001 



ELECTRICAL CHARACTERISTICS (TA= +25°C, ±9 v <Vee< ±15 Vunless otherwise specified) 

PARAMETER 
709A 7098 

MIN. TYP. MAX. MIN. TYP. MAX. 
Open Loop Voltage Gain (Note 2) 

Vee =±1S V, RL;:;; 2 Kn, VouT = ±10 V 2SK 4SK 70K 2SK 4SK ?OK 

Input Offset Voltage 
Rs~ 1.0 Kn o.s 1.0 
Rs~10Kn O.S 1.S 1.0 s.o 

Input Offset Voltage (Note 2) 
Rs~ 1.0 Kn 2.0 
Rs~ 10 Kn 6.0 

Average Input Offset Voltage Drift (Note 2) 
Rs= son 3.0 10 3.0 
Rs~ 10 Kn 6.0 6.0 

Input Bias Current 100 200 200 soo 

Input Bias Current 
TA= -SS°C 0.2S 0.7S o.s 1.S 

Input Offset Current 10 so so 200 

Input Offset Current 
TA=+12s0 c 10 so 20 200 
TA= -SS°C so 2SO 100 soo 

Input Offset Current Drift 
12s0 c to 2s 0 c o.s 
+2S°C to -SS°C 2.8 

Input Resistance 3SO 400 1SO 400 

Input Resistance (Note 2) 40 100 40 100 

Common Mode Voltage Range 
V0 e = ±1S V, (Note 2) ±8.0 ±10 ±8.0 ±10 

Common Mode Rejection Ratio 
Rs~ 10 Kn (Note 2) -90 -80 -90 -70 

--
Power Supply Rejection Ratio 

Rs ~ 10 Kn (Note 2) 2S 100 2S 1SO 

Output Resistance 1SO 1SO 

Output Voltage Swing 
Vee= ±1S V, RL;:;; 10 Kn 24 28 24 28 
Vee= ±1S V, RL;:;; 2.0 Kn 20 26 20 26 

Power Consumption 
Vee= ±1S V 80 108 80 16S 

Transient Response 
Vin= 20 mV, RL = 2.0 Kn, RI= 1.S Kn, R2 =son 
cl = sooo pf, Cz = 200 pf, CL~ 100 pf 
Rise Time 0.3 1.0 0.3 1.0 
Overshoot 10 30 10 30 

NOTE 2. The Electrical Specifications apply for the Temperature Range of -SS°C to + 12s 0 c. 

GUARANTEED ELECTRICAL CHARACTERISTICS 
Voltage Gain 
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UNITS 
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GUARANTEED ELECTRICAL CHARACTERISTICS (Cont) 
Input Common Mode 

Voltage Range Power Consumption 
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Open-Loop Frequency 
Response for Various 

Values of Compensation 

IK IOK IOOK 
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TYPICAL PERFORMANCE CURVES (Cont) 
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,. 

The Amelco 710 is a Differential Voltage Comparator featuring silicon planar epitaxial 
construction on a single monolithic substrate. Outstanding electrical characteristics include 
high accuracy, fast response times, large input voltage range, low power dissipation, ad­
justable threshold voltages, and very low offsets. 

2.8K 3.9K 
a•Vcc 

l.IK 

500 

NON- 2 
INVERTING o-----if---------1 6.2V 6.2V 
INPUT 3 
INVERTING~-~ -----07 OUT PUT 
INPUT 

GRDu-------------r-----....----1 

4 
----------.-----u-vcc 

ABSOLUTE MAXIMUM RATINGS 710B 710C 

Operating Temperature Range -55°C to + 125°c J 0°c to 10°c 
Storage Temperature Range -65°C to +150°c 
Lead Temperature, 1 /16 inch from 
case, 60 seconds maximum. 300°c 
Internal Power Dissipation 

------j 

T0-99 (Note 1) 300mW 
Differential Input Voltage ±5.0V 
Input Voltage ±7.0V 
Positive Supply Voltage +14V 
Negative Supply Voltage -7.0V 
Peak Output Current 10 mA 

Printed in U.S.A. 
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ISLE CTR I CAL CHARACTERISTICS (TA= 25 °c, + v cc= + 12V, - V cc= - 6.0V, Unless Otherwise Specified} 

710B 710C 
PARAMETER 

MIN. TYP. MAX. MIN. TYP. MAX. 
UNITS 

Voltage Gain 1250 1700 1000, 1500 

Voltage Gain {Note 2) 1000 800 

Input Offset Voltage 0.6 2.0 1.6 5.0 mV 
(Note 3) Rs :::;; 200!1 

Input Offset Voltage 3.0 6.5 mV 
(Note 2 and 3) Rs :S: 200!1 

Input Offset Voltage Drift Rs = SQQ µVl°C 
TA= 2s 0 c to 12s0 c 3.5 10 
TA = +25°C to -55°C 2.7 10 
TA= {Note 2) 5.0 20 

Input Bias Current 13 20 16 25 µA 
TA= -ss0 c 27 45 
TA= 0°c 25 40 

Input Offset Current (Note 3) 0.75 3.0 1.8 5.0 µA 
TA= 12s0 c 0.25 3.0 
TA=-ss 0 c 1.8 7.0 
TA= (Note 2) 7.5 

Input Offset Current Drift nA/°C 
TA= 2s 0 c to 12s 0 c 5.0 25 
TA = +25°C to -ss 0 c 15 75 
TA = 2s0 c to 10°c 15 50 
TA= 2s 0 c to 0°c 24 100 

Input Voltage Range ±5.0 ±5.0 Volts 
{Note 2) -Vee= -7.0V 

Differential Input Voltage Range ±5.0 ±5.0 Volts 
(Note 2) 

Common Mode Rejection Ratio -100 -80 -98 -70 Volts 
(Note 2) 

Response Time (Note 4) 40 40 nsec. 

Positive Output Level V1N 2': 5.0 mV, 2.5 3.2 40 2.5 3.2 40 Volts 
10 = 5.0 mA (Note 2) 

Negative Output Level -1.0 -0.5 -1.0 -0.5 Volts 
V1N 2': 5.0 mV (Note.2) 

Output Resistance 200 200 Ohms 

Output Sink Current mA 
V1N 2': 5.0 mV, Vour = 0 V 2.0 2.5 1.6 2.5 
TA= 12s0 c 0.5 1.7 
TA= -ss 0 c 1.0 2.3 
TA= (Note 2) 0.5 

Positive Supply Current 5.2 9.0 5.2 9.0 mA 
Vour :S: 0 V, (Note 2) 

Negative Supply Current 4.6 7.0 4.6 7.0 mA 
(Note 2) 

Power Dissipation 90 150 90 150 mW 

NOTES: 1. Rating applies for case temperatures to + 125°C, derate linearly at .5.6 rrtW /°C for ambient temperatures above + 105°C. 
For the 71 OC, ratinjl applies for ambient temperatures to +70°C. 

2. 710B, -ss0 c to +12s0 c; 11oc, 0°c to +10°c. 
3. The input offset voltage/current is specified for a logic threshold voltage of 1.8 V @ -55°C, 1.5 V @ 0°C, 1.4 V @ 
4. +25°C, 1.2 v @ +70°C, and 1.0 v @ +125°C. 

The response time is for a 100mV input step with a 5.0 mV overdrive. 
5. 

DEFINITIONS 
VOLTAGE GAIN-The ratio of the change in output voltage to the change in voltage between the input terminals producing it 
with the DC output level in the vicinity of the logic threshold voltage. 

INPUT OFFSET VOLTAGE-The voltage between the input terminals when the output is at the logic threshold voltage. The 
input offset voltage may also be defined for the case where two equal ·resistances are inserted in a series with the input leads. 

INPUT BIAS CURRENT-The average of the two input currents. 

INPUT OFFSET CURRENT-The difference in the currents into the two input terminals with the output at the logic threshold 
voltage. 

INPUT VOLTAGE RANGE-The range of voltage on the input terminals for which the comparator will operate within specifications. 



DIFFERENTIAL INPUT VOLTAGE RANGE-The range of voltage between the input terminals for which operation within 
specifications is assured. 

INPUT COMMON MODE REJECTION RATIO-The ratio of the input voltage range 10 the maximum change in input offset 
voltage over this range. 

RESPONSE TIME-The interval between the application of an input step function and the time when the output crosses the 
logic threshold voltage. The input step drives the comparator from some initial, saturate¢ input voltage to an input level just 
barely in eKcess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

POSITIVE OUTPUT LEVEL-The DC output voltage in the positive direction with the input voltage equal to or greater than 
a minimum specified amount. 

NEGATIVE OUTPUT LEVEL-The DC output voltage in the negative direction with the input voltage equal to or greater than 
a minimum specified amount. 

OUTPUT RESISTANCE-The resistance seen looking into the output terminal with the DC output level at the logic threshold 
voltage. 

OUTPUT SINK CURRENT-The maximum negative current that can be delivered by the comparator. 

PEAK OUTPUT CURRENT-The maximum current that may flow into the output load without causing damage to the comparator. 

POWER DISSIPATION-The DC power into the amplifier with no output load. The DC power will vary with signal level, but is spe­
cified as a maximum for the entire range of input-signal conditions. 

LOGIC THRESHOLD VOLTAGE-The approximate voltage at the output of the comparator at which the loading logic circuitry 
changes its digital state. 
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The Amelco 711 is a dual Differential Voltage Comparator featuring silicon planar epitaxial 
construction on a single monolithic substrate. Outstanding electrical characteristics include 
high accuracy, fast response times, large input voltage range, low power dissipation, adjust­
able threshold voltages, and independent strobing of each comparator channel. 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature, 1/16 inch from 
case, 10 seconds max. 
Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage 
Strobe Voltage 
Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 

4.3K 4.3K 

910 

t-----t---06 

711B 711C 

-55°C to + 125°C J 0°c to 70°C 
-65°C to +150°C 

300°c 
300mW 
±5.0V 
±7.0V 
Oto 6.0 V 
+14 v 
-7.0V 
50mA 

NON­
INVERTING 
INPUT2 

··--' 

JANUARY 1968 

711 

E PACKAGE 

J~DIA r 
.040 ·185 ~ 040 .OIO~· __r-·MAX. 

,-~0~-1- !. 1~-: LEADS MIN. n n II- .021 LLu, u iu -.OIB DIA. 

LI I .160 
~or- - .12Q DIA . 

. 335 

PIN 5 IS INTERNALLY CONNECTED TO CASE 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

Printed in U.S.A. 5003. 
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ELECTRICAL CHARACTERISTICS (TA= 25°C, +Vee= +12V, -Vee= -6.0V, Unless Otherwise Specified) 

PARAMETER 

Voltage Gain* 

Voltage Gain* (Note 2) 

Input Offset Voltage* 
Vour = 1.4 V, Rs::::;; 200fl, VeM = O 
V0 ur = 1.4 V, Rs::::;; 200!:! 

Input Offset Voltage* (Note 2) 
Vour (Note 3), Rs= 200!:!, VeM = 0 
Vour (Note 3), Rs = 200!:! 

Input Offset Voltage Drift* (Note 2) 

Input Bias Current* 

Input Bias Current* (Note 2) 

Input Offset Current* 
Vour = 1.4 V 

Input Offset Current* 
Vour = (Note 3) and (Note 2) 

Input Voltage Range• 
-Vee= -7.0V 

MIN. 
750 

500 

±5.0 

7118 
TYP. MAX. 
1500 

1.0 3.5 
1.0 5.0 

4.5 
6.0 

5.0 

25 75 

150 

0.5 10 

--1-· 
20 

MIN. 
700 

500 

±5.0 

711C 
TYP. 
1500 

1.0 
1.0 

5.0 

25 

0.5 

MAX. 

5.0 
7.5 

6.0 
10 

100 

150 

15 

25 

UNITS 

mV 

mV 

,,.v;•c 

µ.A 

µ.A 

µ.A 

Volts 

________ .L_ ____ _,__ ·-------l-------1----------j +-· 
Differential Input Voltage Range* ±5.0 ±5.0 Volts 

·- +------------ -
Response Time* (Note 4) 40 40 nsec 

·-----
Strobe Release Time* 12 12 nsec 

4.5 5.0 4.5 5.0 Volts Positive Output Level* 
V1N ~ 10 mV 

L----------------+-----1------- -+-----··---· ---------I----· ... -----+-------If--------; 
Loaded Positive Output Level* 2.5 3.5 2.5 3.5 Volts 

v,N > 10 mV, 10 = 5.0 mA 

Negative Output Level* 
v,N > 10 mV 

Strobed Output Level* 
V STROBE < 0.3 V 

Output Resistance* 

Output Sink Current 
V1N > 10 mV, Vour = 0 

Strobe Current 
VSTROBE = 100 mV 

Positive Supply Current 
Vour < 0 

Negative Supply Current 

Power Dissipation 

-1.0 

-1.0 

0.5 

-0.5 -1.0 

-1.0 

·200 

0.8 0.5 

1.2 2.5 

8.6 

3.9 

130 200 

* These Specifications apply for either side with the other side disabled with the strobe. 

-0.5 Volts 

Volts 

200 Ohms 

0.8 mA 

1.2 2.5 mA 

8.6 mA 

3.9 mA 

130 230 mW 

NOTES: 1. Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient temperatures above +105°C. 
For the 711 C, this rating applies for ambient temperatures to + 70°C. 

2. 111 B, -55°C to + 125•c; 111 c, o•c to 10°c. 
3. The input offset voltage/current is specified for a logic threshold voltage of 1.8 V at -55°C, 1.5 V at o•c, 1.4 V at 

+25°C, 1.2 vat +70°C, and 1.0 vat +125°C. 
4. The response time is for a 100 mV input step with a 5.0 mV overdrive. 

DEFINITIONS 

VOLTAGE GAIN-The ratio of the change in output voltage to the change in voltage between the input terminals producing it 
with the DC output level in the vicinity of the logic threshold voltage. 

INPUT OFFSET VOLTAGE-The voltage between the input terminals when the output is at the logic threshold voltage. The 
input offset voltage may also be defined for the case where two equal resistances are inserted in a series with the input leads. 

INPUT BIAS CURRENT-The average of the two input currents. 

INPUT OFFSET CURRENT-The difference in the currents into the two input terminals with the output at the logic threshold 
voltage. 

INPUT VOLTAGE RANGE-The range of voltage on the input terminals for which the comparator will operate within specifications. 

DIFFERENTIAL INPUT VOLTAGE RANGE-The range of voltage between the input terminals for which operation within 
specifications is assured. 



RESPONSE TIME-The interval between the application of an input step function and the time when the output crosses the 
logic threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just 
barely in excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

STROBE RELEASE TIME-The time required for the output to rise to the logic threshold voltage after the strobe terminal has 
been driven from the zero to the one logic level. Appropriate input conditions are assumed. 

POSITIVE OUTPUT LEVEL-The DC output voltage in the positive direction with the input voltage equal to or greater than 
a minim.um specified amount. 

NEGATIVE OUTPUT LEVEL-The DC output voltage in the negative direction with the input voltage equal to or greater than 
a minimum specified amount. 

STROBED OUTPUT LEVEL-The DC output voltage, independent of input voltage, with the voltage on the strobe terminal equal 
to or less than a minimum specified amount. 

OUTPUT RESISTANCE-The resistance seen looking into the output terminal with the DC output level at the logic threshold 
voltage. 

OUTPUT SINK CURRENT-The maximum negative current that can be delivered by the comparator. 

STROBE CURRENT-The maximum current drawn by the strobe terminal when it is at the zero logic level. 

PEAK OUTPUT CURRENT-The maximum current that may flow into the output load without causing damage to the comparator. 

POWER DISSIPATION-The DC power into the amplifier with no output load. The DC power will vary with signal level, but is spe­
cified as a maximum for the entire range of input-signal conditions. 

LOGIC THRESHOLD VOLTAGE-The approximate voltage at the output of the comparator at which the loading logic circuitry 
changes its digital state. 
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This General Purpose Amplifier is constructed on a single monolithic silicon substrate. It is 
ideally suited for applications requiring high input impedance, high voltage swing, high gain, 
low offset and low drift. 

JANUARY 1968 

800 
801 

800 
E PACKAGE 

J~OIA r 
MJN. n: ~ n..- _.fill DIA 

~i~~~1-1 1g=::~~ 
_Ll_Ui U U .01e . 

--------------------------------------------! L: i .160 r:ilr - .120 DIA. 

'.~35 .240 OIA 
.220 

20K 

+12 v 
12 (10) 

(I) 

6 (5) 
-12V 

IOK 

10 
75 

Note: NUMBERS IN PARENTHESES REFER TO 10 PIN PACKAGE. 

ABSOLUTE MAXIMUM RATINGS 
Total supply voltage between 

pins 6 and 12 30 volts. 

Storage temperature -65°C to +150°C 

Operating temperature -55°Cto +125°C 

SUPPLY VOLTAGES 
Pin 12 to ground +12 Volts, 5.0 mA Typical 

Pin 6 to ground -12 Volts, 5.0 mA Typical 

Printed in U.S.A. 

PIN 

801 
E PACKAGE 

----" ~ DIA f-­
Li ·305 I 

.040 , .. 1-85 ~- .040 "Oi0} .165 ___ __ _lMAX. 

-,- I TSoo I - . 12 LEAos 

Mt1_00 n n no-- -g~~DIA 
, ___ .370 --

.335 .210 
r----r--.190DIA 

·16.0DIA 
.120 

PIN 6 IS INTERNALLY CONNECTED TO CASE 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

5201 



ELECTRICAL CHARACTERISTICS AT + 25°C (Unless Otherwise Specified) 

PARAMETER AND CONDITIONS 
800BE, 801 BE 800DE, 801 DE 

UNITS MIN. TYP. MAX. MIN. TYP. MAX. 
Open Loop DC Gain (No Load) 10,000 20,000 10,000 20,000 

Open Loop Bandwidth (1, 2) 10 10 MHz 

Input Offset Voltage (Untrimmed) 5.0 50 mV 

Input Bias Current 1000 2000 nA 

Input Offset Current 100 200 nA 

Input Offset Voltage Drift 25 50 µV!°C 

Input Current Drift 
-55°C to +125°C 5.0 nA!°C 

Input Impedance 250 1000 100 500 KU 

0.utput Impedance {Open Loop) 400 1000 400 1000 Ohms 

Common Mode Input Range -2.0 +2.0 -2.0 +2.0 Volts 

Dynamic Output Range (No Load) 18 16 vp-p 

Dynamic Output Range (1.0 Kn Load) 10 10 vp-p 

Common Mode Rejection -80 -60 db 

NOTES: (1) Bandwidth measured at unity gain. 
(2) For closed loop stabilization, a capacitor should be connected across pins 2 and 7. For additional compensation a 

capacitor can be connected to pins 1 and 9. Recommended values range from 5 pf to 250 pf depending on the amount 
of feedback. 
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Circuit for input offset adjustment 
and AC feedback compensation. 
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The Amelco 805, 806, 807 and 808 series of high performance operational amplifiers feature 
silicon planar epitaxial construction on a single monolithic substrate. Outstanding electrical 
characteristics include low offset voltage and current, high input impedance, high common 
mode input range, excellent thermal stability and output short-circuit protection. 

05 

ABSOLUTE MAXIMUM RATINGS 
Differential Input Voltage ±5.0V 

Input Voltage ±10 v 
Internal Power Dissipation 

@TA= 25°C 300mW 

Output Short-Circuit Duration 
@TA=25°C Continuous 

Lead Temperature, 1 /16 inch from +300°c 
case, 1 O seconds max. 

Storage Temperature -65°Cto +150°C 

8058/8068 
8078/808A/8088 805C/806C 

Operating Temperature Range -55°C to +125°C 0° to 100°C 

Supply Voltage ±18 v ±15 v 
Operating Supply Voltage ±15 v ±12V 

Printed in U.S.A. 
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ELECTRICAL CHARACTERISTICS AT + 25°C (Unless Otherwise Specified) 
8058/8068 805C/806C 8078 

MIN. TYP. 

Open Loop Voltage Gain 30 60 
-55°c 20 
+125°c 20 

Input Offset Voltage 1.0 
-55°C to +125°C 2.0 

Input Bias Current 250 
-55°c 
+125°c 

Input Offset Current 10 
-55°c 
+125°c 

Input Impedance 500 1000 
-55°c 200 
+125°c 500 

Input Offset Voltage Drift 
(-55°C to +125°C) 5.0 
(0°c to100°c) 

Input Offset Current Drift 
(+25°c to +125°C) 0.02 
(-55°C to +125°C) 0.5 
(0°c to 100°c) 

Common Mode Voltage Range 
Vee= ±15 V ±8.0 ±9.0 
Vee= ±12V ±6.0 ±7.0 

Common Mode Rejection Ratio -90 

Output Impedance 150 
-55°c 
+125°c 

Power Supply Rejection Ratio -80 

Output Voltage Swing 
(+25°C to Temp.*) 
No Load, Vee= ±15 V 24 26 
No Load, Vee= ±12 V 18 20 
1.0 K Load, Vee= ±15 V 20 24 
1.0 K Load, Vee= ±12 V 15 18 
(-55°C) 
No Load, Vee= ±15 V 20 25 
1.0 K Load, Vee= ±15 V 16 23 

Power Supply Current 
No Load, ±15 V 6.0 
No Load, ±12 V 5.0 

* Upper limit for "A & B" grade unit = 125°C 
Upper limit for "C" grade unit= 100°c 

280 

260 
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220 

Input Bias and Offset 
Current vs Temperature 

"I 
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The Amelco 809 Operational Amplifier is constructed on a single monolithic silicon 
substrate using planar epitaxial techniques. The unique simplicity of this design results 
in a low cost, high performance amplifier. It is ideally suited for applications requiring 
high common mode range, high input impedance, and low current and voltage offsets and 
offset drifts. This amplifier can also be operated over a large range of supply voltages. 
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IN~8TING 

510 330K 
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809 TERMINAL 
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E J H OUTPUT 

PACKAGE PACKAGE PACKAGE 

3 2 

2 4 3 

3 5 4 

4 7 5 IK 330 
5 10 7 
6 II 8 

7 12 9 
-vee 8 14 10 D 

ABSOLUTE MAXIMUM RATINGS 
8098 809C 

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

Operating Temperature Range -55°C to +125°C o•c to 100°c 

Maximum Supply Voltage ±18 v ±18 v 
Maximum Operating Voltage ±15 v ±15 v 

"J" Package only available in "C" Grade. 

Printed in U.S.A. 

JANUARY 1968 
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~~~; 
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Complete part number desig­
nation consists of three digits 
and two letters, for example: 
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ELECTRICAL CHARACTERISTICS At +25°C and Vee= ±15 v (Unless Otherwise Specified) 

PARAMETER 

Open Loop Voltage Gain 
(-55°C to+ 125°C) 

Input Offset Voltage 

Input Offset Voltage Drift 

Input Bias Current 

Input Bias Current 
(-55°C to +125°C) 
(0°C to 100°C) 

Input Offset Current 
-55°C 
0°C 

Input Offset Current Drift 

Input Noise 
Flicker (0.016 to 16 Hz) 

Midband (1.6 to 160 Hz) 

Broadband (160 to 16 kHz) 

Common Mode Voltage Range 

Common Mode Rejection Ratio 

,Power Supply Rejection Ratio 

Input lmepdance 

Output Voltage Swing 
(RL = 5.0 Kll, Vee= ±15 V) 

Power Dissipation 
(No Load, Vee= ±15 V) 

Frequency Response 
lK Input Resistance 
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Frequency Response 
lK Input Resistance 
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Open Loop Gain vs Temperature 
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I (2) 

2(3) 

3(4) 

The Amelco 819 Operational Amplifier is constructed on a single monolithic silicon substrate 
using planar epitaxial techniques. The unique simplicity of this design results in a low cost, 
high performance amplifier. It is ideatly suited for applications requiring high common mode 
range, high input impedance, and low current and voltage offsets and offset drifts, and low 
power. 
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IK 330 

-v. NUMBERS IN ( ) REFER TO 
4(5) cc II H" PACKAGE. 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -55°C to +125°C 

Maximum Supply Voltage ±18 v 
Maximum Operating Voltage ±15 v 

Printed in U.S.A. 

JANUARY 1968 
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Complete part number desig­
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and two letters, for example: 
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ELECTRICAL CHARACTERISTICS at 2s0 c and Vee= ±6.0 Volts (Unless Otherwise Specified) 

CHARACTERISTIC MIN. 
Open Loop Voltage Gain 5.0 K 

(-55°C to +125°C) 

Input Offset Voltage 

Input Offset Voltage Drift 

Input Bias Current 

Input Offset Current 

Input Offset Current Drift 

Common Mode Voltage Range ±4.0 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Input Impedance 50 K 

Output Voltage Swing 8.0 
(R 1 = 5.0 K ohms) 

Power Dissipation (No Load) 

SUGGESTED COMPENSATION TECHNIQUES 

RC Series Network Between Terminal 1 and 5; 1.5 K ohms and 500 pf. 

For Minimum Number of Components; 

TYP. 
10 K 

5.0 

70 

300 

50 

1.0 

±5.0 

-90 

-90 

200 K 

10 

15 

For 1.0 K ohm Input Non-Inverting Amplifier, A 24 pf Capacitor from Terminal 7 to Ground. 
For 1 O K ohm Input Non-Inverting Amplifier, A 50 pf Capacitor from Terminal 7 to Ground. 

MAX. 

10 

100 

500 

100 

3.0 

-70 

-60 

25 

UNIT 
VIV 

mV 

µV/°C 

nA 

nA 

nA/°C 

Volts 

db 

db 

Ohms 

vp-p 

mW 

For A Voltage Follower Amplifier, A 100 pf Capacitor from Terminal 1 to Ground and a 33 pf Capacitor from Terminal 7 to Ground. 

For Applications of Close Loop Gains of 40 db or greater, No Compensation is required. 

SUGGESTED OFFSET ADJUSTMENT 
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This low-level differential amplifier consists of five NPN transistors and associated resistors 
construt:ted on a single silicon chip. The amplifier design features tight thermal coupling, 
close beta and V8e match with common-mode feedback. Because of its design, the amplifier 
exhibits extremely ·1ow drift characteristics and excellent stability over a wide temperature 
range. 
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3 9 

500 500 

(INPUT) (INPUT) 
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6 

TEMPERATURE RANGE: 
831A 
8318 831C 8310 

Storage -65"C to +150°c -65°C to +150°c -65°C to +150°C 

Operating -55°C to + 125•c -25°C to +85°C o•c to 7o•c 

POWER SUPPLY REQUIREMENTS: 
+12 Volts at 4.0 mA typical, 5.0 mA maximum 

-12 Volts at 4.0 mA typical, 5.0 mA maximum 

Printed in U.S.A. 

JANUARY 1968 
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ELECTRICAL CHARACTERISTICS at 25°C Unless Otherwise Noted 

CHARACTERISTICS 
831A 8318 831C 8310 

UNITS 
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

OUTPUT CHARACTERISTICS 
Single Ended DC Output Voltage 6.0 7.0 8.0 4.5 7.0 9.5 2.5 7.0 11.5 Volts 

(Both Inputs at Zero Volts) 

Differential Output Offset Voltage1 11 1.0 2.0 2.5 5.0 5.0 9.0 Volts 
(With Zero Input Voltage) 

Differential Output Offset Voltage1 11 2.5 5.0 8.0 17 20 40 10 40 mV 
(Referred to Input) 

Single Ended Dynamic Range 6.0 6.8 6.0 5.0 5.0 6.0 Volts 
(No Load) 

Single Ended Output Impedance 5.0 6.0 5.5 7.0 5.5 7.0 5.5 7.0 KU 

Mean Differential Output Voltage Driftl21 
(Referred to Input) 
-55°C to + 125°C 2.0 4.0 5.0 10 µV!°C 
-25°C to +85°C 10 

INPUT CHARACTERISTICS 
Input Offset Current 0.2 2.0 1.0 5.0 1.0 10 2.0 µA 

(Input Voltage = 0) 

Input Impedance 20 40 10 20 5.0ll) 20 5.0 20 KQ 

Mean Input Offset Current Drift1'1 2.0 5.0 nA/°C 
(Input Voltage = O) 
-55°C to +125°C 

TRANSFER CHARACTERISTICS 
Differential Gain (No Load) 400 300 250131 200IJJ 

Differential Gain (No Load with 2000 2000 15001' 1 15001 I 

Pins 1, 5, and 11 Tied Together) 

Bandwidth (-3 db) 300 400 300 400 2QQlll 400 25Qll) 400 kHz 

Common Mode Rejection -1oq -90 -80 -so1i: -80 -6Qlll db 
(CM Input Voltage = 
1.0 V pp, 100 Hz 

Common Mode Input Range -2.0 +1.5 -2.0 +1.0 -1.0 +1.0 -1.0 +1.0 Volts 

Power Supply Rejection -80 -70 -70 -60 -70 -70 -50 db 
(+12 V or -12 V Supply) 

-

NOTES: (1) The differential output offset voltages given are for untrimmed devices. The offset voltage for ail devices can be ad­
justed to zero by means of a trim potentiometer connected across pins 1, 5, and 11 as shown in test circuit for balancing 
the amplifier. 

(2) The mean differential output voltage drift referred to the input is given by 

Output Offset Voltage (125°C) 

Differential Gain (125°C) 

(125°C) 

The mean input offset current drift (V1n = O) is given by 

Input Offset Current (125°C) 

Output Offset Voltage (-55°C) 

Differential Gain (-55°C) 

(-55°C) 

Input Offset Current (-55°C) 

(-55°C) 

(3) When balanced with a 1000 ohm potentiometer across pins 1, 5, and 11. 
(4) When balanced with a fo ohm potentiometer across pins 1, 5, and 11. 
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LINEAR CIRCUIT 
AMPLIFIER 

UHF 

The 901 BE and 901 CE are epitaxial integrated circuits. Precise device design in conjunction 
with exacting photoetching techniques have resulted in a VHF monolithic amplifier suitable 
for video and IF amplifier applications in excess of 50 MHz. 

2.7K 

Vee 
3 

20------------41----------, 

2K 

520 

------<J4 

Bn------41>----1----~, f\r--------<------v5 

7 
(GND) 

ABSOLUTE MAXIMUM RATINGS 
Total supply voltage between pins 3 and 7 

Storage temperature 

Operating temperature 

SUPPLY VOLTAGES 
I Pin 3 to ground 

Printed in U.S.A. 

120 

6 
(GNDl 

15 volts 

-65°C to +150°C 

901BE l 901CE 
-55°C to +125°C 0°C to 70°C 

+12 volts, 12 mA Typical 

JANUARY 1968 

901 

E PACKAGE 

PIN 7 IS INTERNALLY CONNECTED TO CASE 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

901BE 

\~~~~~:ge 
~Type 

5401 



ELECTRICAL CHARACTERISTICS at 25°C (Unless Otherwise Noted) 
CHARACTERISTICS MIN. 
OUTPUT CHARACTERISTICS 

Dynamic Range (no load) 
+25°c 5.0 
Temp* 4.0 

Output Impedance 

DC Output Level 

INPUT CHARACTERISTICS 
Input Impedance 

Input Signal Level 

TRANSFER CHARACTERISTICS 
Voltage Gain 22 

Gain Variation 
Temp* 

Gain Variation (DC to 10 MHz) -0.5 

Bandwidth (-3.0 db) 40 

* Limit applies for "B" grade unit for -55°C to +125°C, 
Limit applies for "C" grade unit for o•c to 70°C. 
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The 903BR and 903CR are epitaxial monolithic circuit suitable for oscillator, video and IF 
amplifier applications, including frequencies in the VHF Band. 

3 4 

86 
2K 

10 

I. 5 K 

500 
2 B 

100 
1.5 K 

9 

100 

5 6 7 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to+150°c 

Operating Temperature 903BR -55°c to +125°C 
903CR 0°c to 10°c 

Total supply voltage between pins 4 and 8 15 Volts 
(See Test Circuit) 

POWER SUPPLY REQUIREMENTS 
+ 12 Volts at 8.0 mA typical 

-6 Volts at 4.0 mA typical 

Printed in U.S.A. 

JANUARY 1968 

903 

R PACKAGE 

J~DIA r 
~m "' .165 ____r---.009 

1: ~-:CC,M TJ_J ~ ~ - 8ft DIA 

L370 
.335 

~240 DIA . 
. 220 

45° 

PIN 6 IS INTERNALLY 
CONNECTED TO CASE 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

5402 



ELECTRICAL CHARACTERISTICS at 25°C (Unless Otherwise Noted} 
CHARACTERISTICS MIN. 
OUTPUT CHARACTERISTICS 

Dynamic Range (Note 1) 3.0 
Temp.* 2.5 

DC Level (Pin 8) 2.4 

Output Admittance 

INPUT CHARACTERISTICS 
Input Admittance -10 

TRANSFER CHARACTERISTICS 
Voltage Gain 13 

Bandwidth (-3 db) 60 

Note 1: f = 500 kHz measured from pin 4 to Ground (see test circuit) 
* Limit applies for "B" grade unit for -55°C to +125°C, 

Limit applies for "C" grade unit for 0°C to 70°C. 

TEKTRONIX 
l90A 

500 

BOONTON 
91C 
RF 
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TEST CIRCUIT I 

DC Level & Dynamic 
Range vs Temp. 
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This versatile high frequency device may be used as: 

• Tuned Emitter Coupled Amplifier 
• Tuned Cascode Amplifier with AGC 
• Mixer 
• Modulator 
• Oscillator 
• Video Amplifier 
• Differential DC Amplifier 
• Numerous other applications 

Available terminals allow the user to tailor the amplifier to his requirements, including selec­
tion of biasing configuration. 

2 u--------. FIGURE I 

10 8 

90------

------u7 

5 

ABSOLUTE MAXIMUM RATINGS 911B 911C 

Total Supply Voltage 30 Volts 30 Volts 

Storage Temperature -65°C to +150°C -65°C to + 150°C 

Operating Temperature -55°C to +125°C o to 100°c 

Maximum Operating Voltage 2,4 Volts 24 Volts 

Power Dissipation 230 mW 230 mW 

Voltage between 1 and 7 ±5 Volts ±5 Volts 

Voltage between 4 and 6 ±5 Volts ±5 Volts 

Printed in U.S.A. 

. JANUARY 1968 

911C 

E PACKAGE 

J ~DIA r 
.040 ·185 ~ .040 
.OIO-*T ___LMAX. 

,-~o~ :I _ i I~-: LEADS "ill. ~ It- -~DIA 
LI I .160 r-- -r ~- - - DIA . 

. 370 .120 

.335 240 
---·- ·-DIA. 

.220 

PIN 5 IS INTERNALLY CONNECTED TO CAS'E 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

5403 



ELECTRICAL CHARACTERISTICS AT +25°C & Vee= + 12 V. (Unless Otherwise Specified) 

TEST 
PARAMETER SYMBOL CONDITIONS BIAS FIG. MIN. TYP. MAX. UNITS 

DC CHARACTERISTICS 
DC Output Voltage VoDC ein = o d 27 4.5 9.5 Voe 

Power Supply Drain Current IPS ein = O d 27 8.0 10 mA 

Input Offset Voltage Vio Is= 110 b 27 0.3 5.0 mV 

EMITTER COUPLED CHARACTERISTICS (Input Signal< 10 mv RMS} 
Input Conductance G11 455 kHz b 16 0.30 0.40 mm hos 

Output Conductance Gn 455 kHz b 16 0.01 0.04 mm hos 

Magnitude of Forward I Y21 I 455 kHz b 16 17 22 mm hos 
Transadmittance 

··--

Magnitude of Reverse I Y12 I 200 MHz b 16 0.1 mm hos 
Transadmittance 

Tuned Power Gain Ap 10.7 MHz, BW = 470 kHz b 16 24.6 db 

Tuned Power Gain Ap 100 MHz, BW = 5 MHz b 16 22.7 db 

CASCODE CHARACTERISTICS (Input Signal < 10 mv RMS} 
Input Conductance G11 455 kHz 

Output Conductance Gn 455 kHz 
Connect pin 1 to 7 

Magnitude of Forward I Y21 I 455 kHz 
.Transadmittance Pin 1 grounded 

Magnitude of Reverse I Y12 I 200 MHz 
T ransad m ittance 

Tuned Power Gain Ap 100 MHz 
Pin 1 grounded 
BW =5 MHz 

Tuned Power Gain Ap 200 MHz 
Pin 1 grounded 
BW = 6MHz 

Total Supply Current vs Supply Voltage 
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FIGURE 2 

BIASING CONSIDERATIONS 

--,-" " 

b 

b 

b 

b 

b 

b 

5 1.0 2.5 mm hos 

5 0,01 0.04 mm hos 

5 25 40 mm hos 

5 0.001 mm hos 

5 27.5 db 

5 25 db 

Current Source· Diode Current Ratio 
vs Current Forced Through Diode Chain 
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FIGURE 3 

DC biasing of the 911 is achieved through monolithic matching of diode-transistor characteristics. Combinations of resistors R1 and 
R2 may be chosen to force a desired current from Vee to ground through a three diode chain. If pin 4 is connected to pin 6 directly, 
through an inductor, or resistor having DC resistance less than 100 ohms, approximately the same current will be established in 
03 as is forced in the diode chain. (See figure 3.) 

A DC reference voltage appears at pin 3, which may be used to bias the differential amplifier bases, pins 1 and 7. (See figure 4.) 
The reference voltage is approximately the minimum voltage required to operate the current source transistor, permitting maximum 
available output voltage swing in 01 and 02 under all conditions. 

Currents other than those forced by the internal resistance may be obtained from a given supply voltage with an external resis· 
tance from Vee to pin 3, but care should be taken not to exceed the rated maximum total dissipation. (See figure 2.) 



DC Reference Voltage (Pin 3 to 5) vs Diode 
Chain Current and Supply Current 
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FIGURE 4 

CASCODE OPERATION 
The common-emitter, common-base, or cascode, configura­
tion is useful as a tuned RF or IF amplifier to 250 MHz. Two 
common-base stages are formed by the differential pair, 01 
and 02, which may be used as a gain control system by 
applying a differential gain control voltage between pins 1 and 
7. (Figures 11 and 13.) With 01 cut off, maximum gain is 
obtained, being reduced as 01 is progressively turned on and 
02 turned off. The input common-emitter transistor presents 
a nearly constant input admittance as AGC is applied (Figure 
12.) 

DC input bias is obtained through the input inductor from 
the bias chain, pin 4. 

Pin 3 may be used as the DC reference for the AGC input, 
to assure adequate bias voltage for the collector of 03. 
Where large AGC voltages are used, an external resistive 
divider, from pin 3 to 1 to the AGC voltage may be used to 
optimize the DC AGC requirements. VAGC is defined as the 
voltage between pin 1 and 7. 

At some frequencies, bypassing may be required at pins 1, 
3, 4 or the Vee connection. 
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Definition of Bias Configurations 

BIAS CONNECT 
TYP. BIAS 

RESISTANCE 
a 2 to 3, 1.25 kfi 

Vee to 9 

b Vee to 9 2.5 kfi 

c Vee to 2 5.0 kfi 

d* 2 to 8, 2.5 kU 
Vee to 9 

* Bias "d" is the "General Purpose Amplifier" 
Configuration, with R2 as collector load. 

100 MHz Cascode Test Circuit 

Vagc=O n--a.~ 
for gain test :::C-

C3 

c 1=c3 = 9-36 pf trimmer L1=L2= 7t. 1116 a.w.g. 

c2=c4 = 2-8 pf trimmer spaced 1 turn, Y.." inside diam. 
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FIGURE 5 
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vs Frequency 
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FIGURE 7 



Input Resistance & Capacitance vs Vee 
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Forward Transadmittance vs AGC Voltage 
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EMITTER COUPLED OPERATION 
The common-collector, common-base, or emitter-coupled con­
figuration is useful as a symmetrically non-saturated limiting 
RF or IF amplifier to 150 MHz. Basically a differential ampli­
fier, this configuration is especially suited to FM IF strips 
using conventional interstage tuning. While available gain is 
lower and noise figure higher than the cascade, emitter 
coupled operation may be considered wherever fast recovery 
from large-signal overdrive or excellent AM rejection is 
required. 

Q3 is used as a current source, obtaining its bias from the 
diode chain. Current available from Q3 is shunted through 
Q1 or Q2, depending on input signal, and is equally divided 
when no signal is present, assuring inherently symmetrical 
operation. DC bias for pin 7 is obtained from the divider 
chain, and through the input inductor, the same bias is 
applied to pin 1. 

For non-saturated operation, the output load must be chosen 
so that the collector voltage of the output transistor is higher 
than the DC reference voltage, with all source current shunted 
into the output, for the particular bias levels used. 

At some frequencies, bypassing of pins 3, 6, 7, or the Vee 
connection may be required. 
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Forward Transadmittance vs Frequency 
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DIRECT COUPLED OPERATION 
Convenient self-contained biasing, excellent monolithic match­
ing, and high gain-bandwidth product make a wide variety of 
applications possible using resistive loads. 

Bias "d", the "General Purpose Amplifier", uses R2 as col­
lector load for a single-ended output, differential input am­
plifier, with no external components required, and with large 
dynamic range for all supply voltages. 

By choosing the proper external load resistor, bias config.u­
ration, and supply voltage, video amplifiers may be con­
structed to meet specific gain and bandwidth requirements, in 
either cascade or emitter coupled form. 

With matched pairs of external load resistors, true differen­
tial DC amplifiers may be constructed, with large common­
mode input range, input offset voltages typically 0.3 mV, and 
monolithically matched, self-contained current sources easily 
tailored to specific operating point requirements. 

14 
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Cascode & Emitter Coupled Video Amplifiers 
Dynamic Range vs Load Resistance 
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Cascode & Emitter Coupled Video Amplifiers 
Voltage Gain & Load Resistance vs Bandwidth 
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High Noise Immunity Logic (HNIL) is ideally suited for applications requiring maximum 
noise immunity and excellent line driving capability. A sixteen pin package and complex 
logic functions result in a minimum number of packages per system. Buffered outputs on 
all elements and 12 volt logic swings eliminate the necessity for interface circuitry in most 
applications. This logic family is also available in 15 volt logic levels as special order. 

DUAL 5 INPUT BUFFER 
QUAD 2 INPUT "OR" ABLE BUFFER 
QUAD 2 INPUT GATE 
QUAD 2 INPUT "OR" ABLE GATE 
DUAL 5 INPUT GATE 
DUAL 5 INPUT EXPANDER 
DUAL EXCLUSIVE-OR 

RST FLIP-FLOP 
DUAL JK FLIP-FLOP 
QUAD "D" FLIP-FLOP 
DUAL ONE SHOT 
DUAL INPUT INTERFACE 
DUAL OUTPUT INTERFACE 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 
300 B -55°C to +125°C 
300 c -30°C to + 100°c 

Lead Temperature, 1/16 inch from case, 
10 seconds maximum 300°C 

Supply Voltage - Continuous +15 Volts 

Supply Voltage - Continuous +10.5 Volts min. 

Supply Voltage - Pulsed < 0.1 second +18 Volts 

Input Voltage - (exclusive of expanders) -0.5 V to +15 Volts 

Input Voltage - expanders O V to +6.0 Volts 

Input Voltage, (RTL inputs, 362) 5.0 Volts 

Voltage applied to output -0.5 V to + 13.0 Volts 

Sink Current at TA = 25°C, continuous 
301 & 302 80 mA 
All other types 15 mA 

Surge Sink Current at TA = 25°C, <1 sec. 
301 & 302 100 mA 
All other types 20mA 

Output Short Circuit Duration to GND Continuous 

Input Current, (RTL inputs, 362) 10 mA 

JANUARY 1968 

300 
SERIES 

G PACKAGE 
f-.570 DIAi I .540 · 

J___J .030 
.150 ~__[MAX 

I 1 m~~ ~ rn ~ ~w 11

1
16 LEADS 

I I I .021 DIA ..LL .016 . 

l-~-.597 

BOTTOM VIEW 

J PACKAGE 

l) 
.120 DIA 

mL.JL 
.008 

.075 
TYP 

.030 R 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

321BG 

\\'-Package 
~Temperature Range 

Circuit 

.... _ •. -...... · ·. ~--·.·. .· AM~lCO S~Mf<:;ONDU.~fQJr · .~300 Terra BellliAv~.~·~ouhtaih Vie\<\/· Cafif..940;i0 

"~ ATELEDYNECOMPANY -PHONE: J415)9P8::9241 

Printed in U.S.A. 6000 



8.2 K 620 3.9 K 

20---~ 

30-__ .. 

... 0-__ .. 

50-__ .. 

60-__ .. 

70----' 

LIMITS 
301 B 

-55°C +25°C + 125°C 
VoH 10.5 10.5 10.5 

VoH 11.3 

VOHL 7.0 7.0 7.0 

VOHL 8.0 

VoL@ loll 1.6 1.5 1.5 

VoL@ loll 1.2 

VoL@ lol2 
l1L -1.9 -1.7 -1.5 

l1L -1.2 

IL 1.0 1.0 100 

IL 0.05 
TPD (2-1+) 80 100 180 
TPD (2+1-) 70 80 90 
lp5 (inputs open) 40 

CONDITIONS 
Vee 12 12 12 

VIH 6.5 6.5 6.5 

VIL 5.0 5.0 5.0 

loll 68 60 54 

lou 
loH -15 -15 -15 

Printed in U.S.A. 

620 8.2 K 

----014 

-----013 

-----012 

----Oil 
----~10 

'----09 

301 c 
-30°C +25°C 
10.5 10.5 

11.3 
7.0 7.0 

8.0 
2.0 1.8 

1.2 
1.6 1.5 
-1.9 -1.7 

-1.2 
1.0 1.0 

0.05 
90 100 
75 80 

40 

12 12 
6.5 6.5 
5.0 5.0 
68 60 
45 40 
-15 -15 

JANUARY 1968 

301 

F• A•B•C•O•E 
M•G•H•J•K•L 

+100°C 
10.5 Voltsmf~ 

Volts typ. 
7.0 Volts min. 

Volts typ. 
1.8 Volts max. 

Volts typ. 
1.5 Volts max. 
-1.6 mAmax. 

mA typ. 
100 µA max. 

µA typ. 
160 nsec typ. 
90 nsec typ. 

mAmax. 

12 Volts 
6.5 Volts 

5.0 Volts 
54 mA 
38 mA 
-15 mA 

6001 



8.2K l.2K 

Ne/5 IK 

LIMITS 
-55°C 

VoL@ lou 1.2 

VoL@ lou 

VoL@ lol2 0.5 

VoL@ lol2 

l1L -1.9 

l1L 

IL 1.0 

IL 

leEX 1.0 

leEx 

lps (inputs open) 

CONDITIONS 
Vee 12 

VIH 6.5 

VIL 5.0 

VIN 1.6 

lou 68 

lol2 34 

Printed in U.S.A. 

!u~r>·r1;2:·f.tJF-.ar··········· 
('· ... : "·"'l"'·'·.-;"''S.,>:· Y.,".'····"· ··,;,,,;;,, ', :·>.;"''", ,'"::·:··.: 

... <•.·co~~l5ctofj~·····~·~~R'.' ··~ 
.. ·~IGH .. F'~~~QUT <... . 
60 roA· CAPABILITY 

16 
Vee 

1/4 

8 
GRD 

302 B 

+25°C 
1.2 

0.8 

0.5 

0.3 

-1.7 

-1.2 

1.0 

0.05 

1.0 

0.05 

30 

12 

6.5 

5.0 

1.5 

60 

30 

9/12 

+125°C 
1.2 

0.5 

-1.5 

100 

100 

12 

6.5 

5.0 

1.5 

54 

27 

1.2K 

IK 

-30°C 
1.2 

0.5 

-1.9 

1.0 

1.0 

12 

6.5 

5.0 

1.6 

68 

34 

JANUARY 1968 

302 

:;[)_, 
8.2K :;[)_, 

302C 
+25°C +100°c 
1.2 1.2 Volts max. 

0.8 Volts typ. 

0.5 0.5 Volts max. 
-

0.3 Volts typ. 

-1.7 -1.6 mA max. 

-1.2 mA typ. 

1.0 100 µA max. 
-

0.05 µA typ. 

1.0 100 µA max. 

0.05 µA typ. 

30 mA max. 

12 12 Volts 

6.5 6.5 Volts 

5.0 5.0 Volts 

1.5 1.5 Volts 

60 58 mA 

30 29 mA 

6002 



7.5K 

S II 

JANUARY 1968 

311 

TRUTH TABLE 
J=J1 =-12 K=K1=K 2 

J3=Q K3=Q K=K1= K2= K3 

J K on•I J K on•I 

L L o" L L o" 

L H L L H L 

H L H H L H 

H H Q" H H ? 
FOR SINGLE PHASE OPERATION 

CONNECT T1 TO T2 

LIMITS 
311 B 311 C 

-55°C +25°C +125°C -30°C +25°C +100°c 
,___V_o_H~~~~~~+-~1-0-.5~~~+--1~0-.5--~~+--1~0-.5~~~-+--1-0-.5------+--170~.5c---~--11--~170.~5~~+--~v~o~1ts~m~in-.~-J 

V0 H 11.3 11.3 Voltstyp. 
VOHL 7.0 7.0 7.0 7.0 7.0 7.0 Volts min. 
VoHL 8.0 8.0 Volts typ. 
VOL@ 10 L 1.6 1.5 1.5 1.6 1.5 1.5 Volts max. 
v OL @ IOL 1.2 1.2 Volts typ. 
11L -1.9 -1.7 -1.5 -1.9 -1.7 -1.6 mA max. 
11L -1.2 -1.2 mA typ. 
11L (pin 4) -3.8 -3.4 -3.0 -3.8 -3.4 -3.2 mA max. 
11L (pin 4) -2.4 -2.4 mA typ. 
IL 1.0 1.0 100 1.0 1.0 100 µA max. 
IL 0.05 0.05 µA typ. 

TPD (R-0+) 70 90 160 70 90 130 nsec typ. 

Tpo (t-Q+) 120 190 270 140 190 255 nsec typ. 

TPD (S-Q-) 90 90 110 90 90 100 nsec typ. 

Tpo (t+Q-) 100 160 240 120 160 210 nsec typ. 
Toggle 2.0 2.0 MHz min. 

lps (inputs open) 15 15 mA max. 

CONDITIONS 
Vee 12 12 12 12 12 12 Volts 

VIH 6.5 6.5 6.5 6.5 6,5 6.5 Volts 

VIL 5.0 5.0 5.0 5.0 5.0 5.0 Volts 

VIN 1.6 1.5 1.5 1.6 1.5 1.5 Volts 

loH -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 mA 

loL 9.5 8.5 7.5 9.5 8.5 8.0 mA 

V1H (S & R) 7.0 7.0 7.0 7.0 7.0 7.0 Volts 

Printed in U.S.A. 6003 



LIMITS 
312 B 312 c 

-55°C +25°C +125°C -30°C +25°C 
VoH 10.5 10.5 10.5 10.5 10.5 

VoH 11.3 11.3 

VOHL 7.0 7.0 7.0 7.0 7.0 

VOHL 8.0 8.0 
VoL@ loL 1.6 1.5 1.5 1.6 1.5 
VOL@ loL 1.2 1.2 

l1L -1.9 -1.7 -1.5 -1.9 -1.7 

l1L -1.2 -1.2 
11L (1, 7, 9, 15) -3.8 -3.4 -3.0 -3.8 -3.4 
11L (1, 7, 9, 15) -2.4 -2.4 

IL 1.0 1.0 100 1.0 1.0 

IL 0.05 0.05 

Tpo (t-0-) 80 80 

Tp0 (t-0+) 70 70 

Tpo (R-0+) 30 30 

Tpo (S-0-) 35 35 
lp5 (inputs open) 24 24 

CONDITIONS 
Vee 12 12 12 12 12 

VIH 6.5 6.5 6.5 6.5 6.5 

VIL 5.0 5.0 5.0 5.0 5.0 

VIN 1.6 1.5 1.5 1.6 1.5 

loH -5.0 -5.0 -5.0 -5.0 -5.0 

IOL 9.5 8.5 7.5 9.5 8.5 

f • NOTE: Fall time of clock should be 3 volts per microsecond or faster. 

"' 

Printed in U.S.A. 
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JANUARY 1968 

!I J 

4 T 

3 K 

II J 

12 T 

13 K 

CLOCKED 

312 

1i 15 

TRUTH TABLE 

K gn+I s 
L o" H 

H L H 

L H L 

H o• L 

06 

Q2 

Q 10 

Ql4 

SET-RESET 

if Q 

H ? 

L L 

H H 

L H 

+100°c 
10.5 Volts min. 

Volts typ. 
7.0 Volts min. 

Volts typ. 
1.5 Volts max. 

Volts typ. 
-1.6 mAmax. 

mA typ. 
-3.2 mAmax. 

mA typ. 
100 µA max. 

µA typ. 

nsec typ. 

nsec typ. 

nsec typ. 

nsec typ. 
mAmax. 

12 Volts 
6.5 Volts 
5.0 Volts 
1.5 Volts 
-5.0 mA 
8.0 mA 

6004 
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321 

16 
Vee 

82K 8.2K 8.2K 8.2K 

:;n._, 
:;n._. 

2/7 10/15 

3/6 11/14 
==C>-J 

Ne/5 Ne/13 

~=C>-· 7.5K 7.5K 

C•FI 
F•(l J• . 

8 M•ir.C 

GRD 

LIMITS 
321 B 321 c 

I---
-55°C +25°C +125°C -30°C +25°C +100°C 

VoH 10.5 10.5 10.5 10.5 10.5 10.5 Volts min. 

VoH 11.3 11.3 Volts typ. 

VOHL 7.0 7.0 7.0 7.0 7.0 7.0 Volts min. 

VOHL 8.0 8.0 Volts typ. 

VoL@ioL 1.6 1.5 1.5 1.6 1.5 1.5 Volts max. 

VoL@ loL 1.2 1.2 Volts typ. 

l1L -1.9 -1.7 -1.5 -1.9 -1.7 -1.6 mAmax. 

l1L -1.2 -1.2 mA typ. 

IL 1.0 1.0 100 1.0 1.0 100 µA max. 

IL 0.05 0.05 µA typ. 

Tpo (2-1+) 120 160 250 130 160 220 nsec typ. 
Tpo (2+1-) 80 70 70 75 70 70 nsec typ. 
lps (inputs open) 13 13 mAmax. 

CONDITIONS 
Vee 12 12 12 12 12 12 Volts 

VIH 6.5 6.5 6.5 6.5 6.5 6.5 Volts 

VIL 5.0 5.0 5.0 5.0 5.0 5.0 Volts 

VIN 1.6 1.5 1.5 1.6 1.5 1.5 Volts 

loH -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 mA 

IOL 9.5 8.5 7.5 9.5 8.5 8.0 mA 

Printed in U.S.A. 6005 



1.2 IC 
70-__ _ 

6 0---t--
!lo-__ _ 

:So---t--

20-----J 

LIMITS 

VoH 

VOH 

VOHL 
VOHL 
VOL@ IOL 

VOL@ loL 

l1L 
l1L 
IL 
IL 
Tp0 (3-1+) 
Tp0 (3+1-) 
1p5 (inputs open) 

CONDITIONS 
Vee 

VIH 

VIL 
VIN 
loH 

( IOL 

Printed in U.S.A. 

I 

GND 

-55°C 
10.5 

7.0 

1.6 

-1.9 

1.0 

120 
130 

12 
6.5 
5.0 
1.6 
-5.0 
9.5 

510 

Vee 
16 

l!I 

322 B 
+25°C 
10.5 
11.3 
7.0 
8.0 
1.5 
1.2 
-1.7 
-1.2 
1.0 
0.05 
160 
100 
6.0 

12 
6.5 
5.0 
1.5 
-5.0 
8.5 

9.llC 

+125°C 
10.5 

7.0 

1.5 

-1.5 

100 

250 
80 

12 
6.5 
5.0 
1.5 
-5.0 
7.5 

JANUARY 1968 

322 

A 

I 

1.2 IC c F 

D 
9 E 

10 

II 
G 
H 

12 J M 

IC 

7.!l IC 
13 L 

14 F • l·l·~·~·I: 
M. G•H•J•IC•L 

322 c 
-30°C +25°C +100°c 
10.5 10.5 10.5 Volts min. 

11.3 Volts typ. 

7.0 7.0 7.0 Volts .min. 
8.0 Volts typ. 

1.6 1.5 1.5 Volts max. 

1.2 Volts typ. 
-1.9 -1.7 -1.6 mAmax. 

-1.2 mA typ. 
1.0 1.0 100 µA max. 

0.05 µA typ. 

130 160 220 nsec typ. 

120 100 85 nsec typ. 

6.0 mA max. 

12 12 12 Volts 

6.5 6.5 6.5 Volts 

5.0 5.0 5.0 Volts 

1.6 1.5 1.5 Volts 

-5.0 -5.0 -5.0 mA 
9.5 8.5 8.0 mA 

6006 



8.2K 

2 / 7 o--ii.--. 

3/6 0--~-· 

Ne/5 cr--~~-.--t 

LIMITS 
-55°C 

VOL@ IOL 0.5 

VoL@ loL 

Ill -1.9 

l1L 

IL 1.0 

IL 

ICEX 1.0 

leEX 

lps (inputs open) 

CONDITIONS 

Vee 12 

VIH 6.5 

VIL 5.0 

VIN 1.6 

IOL 11 

Printed in U.S.A. 
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Vee 

114 

8 
GRD 

323 B 

+25°C 
0.5 

0.3 

-1.7 

-1.2 

1.0 

0.05 

1.0 

0.05 

4.5 

12 

6.5 

5.0 

1.5 

10 

9/12 

+125°C 
0.5 

-1.5 

100 

100 

12 

6.5 

5.0 

1.5 

9.0 

8.2K 

-----ol0/15 

-----011/14 

323C 
-30°C +25°C 
0.5 0.5 

0.3 

-1.9 -1.7 

-1.2 

1.0 1.0 

0.05 

1.0 1.0 

0.05 

4.5 

12 12 

6.5 6.5 

5.0 5.0 

1.6 1.5 

11 10 

JANUARY 1968 

323 

c • A.ii 
F ' if.E 
J • G·H 
M ' i(:L 

+100°c 
0.5 Volts max. 

Volts typ. 

-1.6 mA max. 

mA typ. 

100 µA max. 

µA typ. 

100 µA max. 

µA typ. 

mAmax. 

12 Volts 

6.5 Volts 

5.0 Volts 

1.5 Volts 

9.5 mA 

6007 
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331 

16 

8.2K 
rec 

8.2K 
IO VI/\; '\/I/\ 015 A 

8 
c F 

2 14 0 
E 

3 13 

4 12 

5 II 
G 

H 

J M 

6 10 K 

L 

7 9 

08 F • A•B•C•O•E GRD 
M• G•H•J•K•L 

LIMITS 
331 B 331 c 

-55°C +25°C + 125°C -30°C +25°C +100°c 
l1L -1.9 -1.7 -1.5 -1.9 -1.7 -1.6 mA max. 

l1L -1.2 -1.2 mA typ. 

IL 1.0 1.0 100 1.0 1.0 100 µAmi;ix. 

IL 0.05 0.05 µA typ. 

CONDITIONS 

Vee 12 12 ! 12 1 12 1 12 12 Volts 

VIN 1.6 1.5 1.5 1.6 1.5 1.5 Volts 

Printed in U.S.A. 6008 



Vee 
16 

8.2 K 510 9.IK 

2 

3 15 

4 

5 

6 

7 8 

GND 

LIMITS 
341 B 

-55°C +25°C +125°C 
VoH 10.5 10.5 10.5 

VoH 11.3 

VOHL 7.0 7.0 7.0 

VOHL 8.0 
VOL@ IOL 1.6 1.5 1.5 
V(JL@ IOL 1.2 

l1L -1.9 -1.7 -1.5 

l1L -1.2 

IL 1.0 1.0 100 

IL 0.05 
Tp0 (2, 5-1+) 120 160 250 
Tpo (2, 5+1-) 130 100 80 
lps (inputs open) 8.0 

CONDITIONS 
Vee 12 12 12 

VHO 6.5 6.5 6.5 

VIL 5.0 5.0 5.0 

VIN 1.6 1.5 1.5 

loH -5.0 -5.0 -5.0 

IOL 9.5 8.5 7.5 

Printed in U.S.A. 
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10 

9 

341 c 
-30°C +25°C 
10.5 10.5 

11.3 
7.0 7.0 

8.0 
1.6 1.5 

1.2 
-1.9 -1.7 

-1.2 
1.0 1.0 

0.05 
130 160 
120 100 

8.0 

12 12 
6.5 6.5 
5.0 5.0 
1.6 1.5 
-5.0 -5.0 
9.5 8.5 

JANUARY 1968 

A 

B 

e 
D 

G 

H 

+100°C 
10.5 

7.0 

1.5 

-1.6 

100 

220 
85 

12 
6.5 
5.0 
1.5 
-5.0 
8.0 

6009 

341 

E•A•B+C•D 
K•F•G+H•J 

Volts min. 
Voltstyp. 
Volts min. 
Volts typ. 
Volts max. 

Voltstyp. 
mA max. 
mA typ. 

µA max. 
µA typ. 

nsec typ. 
nsec typ. 
mAmax. 

Volts 
Volts 
Volts 

Volts 
mA 
mA 



ft 

' 
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~~ 342 

Yee 
7 .. 

2 

8.ZfC ZOK 8.ZK SS 
5 

4 3 

1/15 EXT. TIMING CONNECTIONS 

9 

14 

SS 

I.BK 

12 13 15 

TRIGGER 
TRIGGER EXPllNOER 

EXT. TIMING CONNECTIONS 

LIMITS 
342 B 342C 

-55°C +25°C +125°C -30°C +25°C +100°c 
VoH 10.5 10.5 10.5 10.5 10.5 10.5 Volts min. 

VoH 11.3 11.3 Volts typ. 

VOHL 7.0 7.0 7.0 7.0 7.0 7.0 Volts min. 

VOHL 8.0 8.0 Volts typ. 

Vm@ Im 1.6 1.5 1.5 1.6 1.5 1.5 Volts max. 

VOL@ Im 1.2 1.2 Volts typ. 

l1L -1.9 -1.7 -1.5 -1.9 -1.7 -1.6 mAmax. 

Ill -1.2 -1.2 mA typ. 

IL 1.0 1.0 100 1.0 1.0 100 µA max. 

IL 0.05 0.05 µA typ. 
Tp0 (6+2+) 80 100 150 80 100 140 nsec typ. 
Tp0 (6+5-) 70 75 75 70 75 75 nsec typ. 
lps (Pin 1 connected 15 15 mAmax. 

to Pin 3) 
(Pin 13 connected 
to Pin 15) 

CONDITIONS 
Vee 12 12 12 12 12 12 Volts 

VIH 6.5 6.5 6.5 6.5 6.5 6.5 Volts 

VIL 5.0 5.0 5.0 5.0 5.0 5.0 Volts 

VIN 1.6 1.5 1.5 1.6 1.5 1.5 Volts 

loH -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 mA 

Im 9.5 8.5 7.5 9.5 8.5 8.0 mA 

The dual one shot is useful for timing and. pulse generation over the range of 100 nsec to several seconds. The trigger input (triggers 
on a positive going input) is a standard HNIL gate input with the expander node brought out for added flexibility. The trigger input 
is completely isolated from the timing circuitry allowing trigger pulse width to be greater than or less than the output pulse width, 
and limited only by duty cycle considerations. The output pulse width (Pw """ 0.7 RC) is determined by an external capacitor, and, 
for precision applications, an external timing resistor which should not exceed 62 KO or less than soon. An internal resistor with a 
nominal value of 20 KO is provided for normal applications. The allowable duty cycle can be calculated from T width!Trecoverv = .23 Rr 
where Rr is the timing resistor in KO and Trecoverv is the time required to charge the timing capacitor to greater than 99% of its final 
value. For normal applications the capacitor is placed between 3 and 4 (12 & 13) and pin 1 (15) is shorted to pin 3 (13). 

Printed in U.S.A. 6010 
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HIGH LEVEL 
INPUTS 

8.2K 

Vee 

8.21( 

{

INVER=A 

J l2V 

O INVERTING 0
8
------------' 

LIMITS 
361 8 

-55°C +25°C 
VoH@V, 4.8 4.8 
VoH@V, 5.0 

VoL@ loll 350 300 

VoL@ loL2 500 

llL -2.2 -2.0 

llL -1.4 

IL 1.0 1.0 

IL 0.05 
lo@V2 & V3 -2.5 -2.5 
Tp0 (5+3+) 85 110 
Tpo (5-3-) 65 85 
Tp0 (4+3-) 65 75 
Tpo (4-3+) 60 75 
lps (inputs open) 6.5 

CONDITIONS 
Vee 12 12 

VIH 6.5 6.5 

VIL 5.0 5.0 

VIN 0.5 0.5 
V1 @{Pins 1 and 15) 5.0 5.0 
V2 @ (Pins 2 and 14) 3.0 3.0 
V3 @ (Pins 3 and 13) 1.01 0.85 

lou 6.0 6.0 

loL2 10 

Pins in ( ) for G package. 

c 

1.41( 
D 

620 
E 

7.!51( 

GNO 

+125°C -30°C 
4.8 4.8 

330 350 

-1.8 -2.2 

100 1.0 

-2.3 -2.3 
160 90 
125 70 
115 65 
110 65 

12 12 
6.5 6.5 
5.0 5.0 
0.5 0.5 
5.0 5.0 
3.0 3.0 
0.675 0.9 
6.0 6.0 

10 The output (drive) current available when terminated at a specific voltage (V). 

Printed in U.S.A. 
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361 

38,1 TERMINAL IDENTIFICATION 

CUJ H 
PACKAGE PACKAGE 

A1 5 6 

81 4 5 
LOW LEVEL OUTPUTS 
TO OCTL, RTL, 
OTL, T 2L C1 1 2 

01 2 3 

E1 3 4 

A2 11 9 

82 12 10 

C2 15 13 

02 14 12 

E2 13 11 

Vee 16 14 

GNO 8 7 

361 c 
+25°C +100°c 
4.8 4.8 Volts min. 
5.0 Volts typ. 
300 330 mVmax. 
500 mVmax. 
-2.0 -1.9 mAmax. 
-1.4 mA typ. 
1.0 100 µAmax. 
0.05 µA typ. 
-2.2 -2.0 mAmin. 
110 145 nsec typ. 
85 115 nsec typ. 
75 100 nsec typ. 
75 95 nsectyp. 
6.5 mAmax. 

12 12 Volts 
6.5 6.5 Volts 
5.0 5.0 Volts 
0.5 0.5 Volts 
5.0 5.0 Volts 
3.0 3.0 Volts 
0.85 0.76 Volts 
6.0 6.0 mA 
10 mA 

6011 



LOW LEVEL r•UTS 

LIMITS 

VOHL 

VOHL 

l1Nrs1 

(4-2+) 
(6+2+) 
(6-2-) 
(5-2+) 
(5+2-) 

(3+2+) 
(3-2-) 

lps (Pin 6 & Pin 10 
= Gnd) 

CONDITIONS 

A 

Pins in ( ) for G package. 

15K 

-55°C 
9.5 

7.0 

0.5 

-1.3 
495 
1.0 
-1.0 
40 
40 
55 
40 
70 
80 
90 
35 

12 
1.9 
0.9 
350 
1.01 
0.71 
1.01 
11 
-3.0 
-4.0 
4.0 

362 B 
+25°C 
9.5 
10.7 
7.0 
8.0 
0.5 
0.3 
-1.2 
440 
1.0 
-1.0 
60 
20 
50 
50 
50 
110 
100 
55 
8.0 

12 
1.7 
0.9 
350 
0.85 
0.5 
8.5 
10 
-3.0 
-4.0 
4.0 

11Nrsi same definition as 11L, measured on DTL inputs. 

Printed in U.S.A. 
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Yee 
382 TERMINAL IDENTIFICATION 

G&J H 
PACKAGE PACKA,GE 

15K A1 4 4 

81 6 6 

C1 5 5 

01 3 3 

HIGH LEVEL OUTPUT E1 2 2 

E rrov 
ov...J 

A2 12 11 

82 10 9 

C2 11 10 

02 13 12 

E2 14 13 

Vee 16 14 

GNO 8 7 
GND 

362C 
+125°C -30°C +25°C +100°c 
9.5 9.5 9.5 9.5 Volts min. 

10.7 Volts typ. 
7.0 7.0 7.0 7.0 Volts min. 

8.0 Volts typ. 
0.5 0.5 0.5 0.5 Volts min. 

0.3 Volts typ. 
-1.1 -1.3 -1.2 -1.1 mA max. 
470 460 440 470 µAmax. 
100 1.0 1.0 100 µA max. 
-100 -1.0 -1.0 -100 µA max. 
110 45 60 100 nsec typ. 
15 35 20 15 nsec typ. 
40 55 50 45 nsec typ. 
105 45 50 90 nsec typ. 
45 60 50 45 nsec typ. 
190 85 110 170 nsec typ. 
160 90 100 140 nsec typ. 
100 40 55 90 nsec typ. 

8.0 mA max. 

12 12 12 12 Volts 
1.5 2.1 2.0 1.8 Volts 
0.7 0.8 0.8 0.7 Volts 
350 350 350 350 mV 
0.675 0.95 0.85 0.70 Volts 
0.32 0.6 0.5 0.38 Volts 
0.675 0.95 0.85 0.70 Volts 
9.0 10.5 10 9.5 mA 
-3.0 -3.0 -3.0 -3.0 mA 
-4.0 -4.0 -4.0 -4.0 Volts 
4.0 4.0 4.0 4.0 Volts 

l1Nroi that current which flows into the RTL inputs with V1Nroi applied to that terminal. 
lusi same definition as 11_, measured on DTL inputs with Vu51 applied. 
luoi that current which flows from the RTL inputs with Vu01 applied to that terminal. 

6012 



8 
GRD 

r 
I 
I 
I 
I 
I 
I 
I 
I 

c, I 

o, 

o, 
4 

4 a 
Dz 

I I 
L - --- -- -- - - - -: - - - -.- - - - - - - - - -- - - - - - - - -- - - -- - _.J 

LIMITS 370 B 370C 
-55°C ,+2s0 c +125°C -30°C +25°C 

VoH 10.5 10.5 10.5 10.5 10.5 

VoH 12 12 

VOHL 7.0 7.0 7.0 7.0 7.0 

VOHL 8.0 8.0 
VOL@ fol 0.5 0.5 0.5 0.5 0.5 
Vol@ Im 0.3 0.3 
(IL -1.7 -1.7 
(IL -1.2 -1.2 
IL 1.0 1.0 100 1.0 1.0 
IL 0.05 0.05 
Tp0 (4+3+) 120 160 250 130 160 
Tpo (4-3-) 80 70 75 75 70 
fps (inputs open) 30 30 

CONDITIONS 
Vee 12 12 12 12 12 

VIH 6.5 6.5 6.5 6.5 6.5 

VIL 5.0 5.0 5.0 5.0 5.0 
VIN 1.6 1.5 1.5 1.6 1.5 
(OH -300 -300 -300 -300 -306 
loL 7.6 6.8 6.0 7.6 6.8 

Printed in U.S.A. 
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370 

8.2 K 

TRUTH TABLE 

c, D" a•., 

a" 

0 o" 

0 

0 0 0 

+100°c 
10.5 Volts min. 

Volts typ. 
7.0 Volts min. 

Voltstyp. 
0.5 Volts max. 

Volts typ. 
mA max. 
mAtyp. 

100 µAmax. 
µA typ. 

220 nsec typ. 
70 nsec typ. 

mAmax. 

12 Volts 
6.5 Volts 
5.0 Volts 
1.5 Volts 
-300 µA 

( 
6.4 mA ,, 

6013 



Vee 

V1L 

V1H 

Vol 

VoH 

VoHL 

VIN 

l1L 

IL 
loL 

Tpo 

FAN-OUT 

DEFINITION OF SYMBOLS AND TERMS 

Supply Voltage 

Maximum voltage that may be applied to an input without changing the outp.ut from a "1" state to a "O" state. 

Minimum voltage that may be applied to an input without changing the output from a "O" state to a "1" state. 

The output voltage with 10 L applied and V1H applied to all inputs. 

The output voltage with V1L applied to the input. 

The output voltage with V1L applied to the input and a drive current, loH• being supplied. 

The voltage which is applied to an input for the 11L test measurement, equals VOL for standard diode input. 

The input forward current with v,N applied to that input. 

The maximum reverse current at the input when Vee is applied and the other adjacent inputs are grounded. 

Load (Sink) current at which the output voltage is guaranteed for the zero state or VOL. 

Propagation delay, (N+, M-), when input pulse at terminal N is going positive (direction of the sign) and the 
output, Terminal M, is going negative. Propagation time is measured at the 50% levels. 

Minimum number of logic elements that may be driven by one other logic element of the same family, and is 
determined by the ratio of IOL/11L. 

"Zero" State The additional amount of positive voltage required at the output ot a gate, when in the "zero" state, to raise 
Noise Immunity that voltage to the maximum voltage that may be applied to an input without changing that gate's output state. 

It is determined by the equation, NI= V1L-VOL (5.0 V-1.5 V = 3.5 Volts). 

"One" State The additional amount of negative voltage required at the output of a gate, when in the "one" state, to lower 
Noise Immunity that voltage to the minimum voltage that may be applied to an input without changing that gate's output state. It is 

determined by the equation, NI= V0 H-VIH (10.5 V-6.5 V = 4.0 Volts). 

16 

14 

12 

10 

~ 8 

0 -so 

12 

10 

" . i 
I • ; 
• 

00 

Power Supply Current, no load, Vee= +12 Volts. 

Noise Immunity vs. Temperature 

I 
"ONE" STATE NOISE IMMUNITY 

"ZERJ STATE-iOISE 1MUNITY 

::I 

0 5o 
TEMPERATURE-•t 

Voh 

11on FANOUT·~-

Yott Ff' OUT•I 

V01 FAl OlJT•5 -

100 ISO 

High Noise Immunity Gate T •• vs. Temperature 
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1200--~~-r-~~~+-~~.L.-~v·+--------1 

IOOt----t-------+---z-+-+----
·t 90 r-----i------c;..-------i------1 

..-~ FANO~ ..--' 
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TEMPERATURE -•t 
T .. vs. Capacitive Loading 

280 

TI I llllllTEST I 111 
GATE 

:~vnCTL 
roo 

! 160 

I 

~.20 

80 

40 

01 

Your vs. Y1N 2 mA Load 

11r:e·c 
f/=~s·c rL.._-5s•c 

[ 
I • 

Yw-volts 

10 
CAPACITANCE-pl 

12 

10 

• 

!t lO II 12 

I-'"' 

100 

~NIL :..T~s 1 
FANOOT•I 

~ 
ILl 

J v 
i......-

1000 

Your vs. Y1N No Load 

• 

1/:1..c 
2s•c 

VrL-os•c 

v 

• 
VIN-voHs 

t--

10 12 





The Amelco Transistor-Transistor Logic has been designed specifically for use in applica­
tions where primary emphasis is placed on low power consumption. The logic family is 
provided in three compatible and interchangeable power levels, 0.5 mW, 1.2 mW, and 4.0 
mW, allowing the Designer to optimize his speed-power trade-off. Most of the gate elements 
are also available with no pull .up resistor, allowing collector "OR"ing. 

TRANSISTOR-TRANSISTOR LOGIC ELEMENTS 
JK Flip-Flop 
Quad-2 Input Gate 
Triple-3 Input Gate 
Dual-4 Input Gate 
Dual-4 Input Power Gate with Expander 
Dual-4 Input Buffer with Expander 
Dual-4 Input Nand/Nor Gate with Inverter 
Dual-4 Input Power Gate and Lamp Driver 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Operating Temperature 

Maximum Voltage 

Operating Voltage 

NUMBERING SEQUENCE 
500-529 Low Power 
530-559 Medium Power 
570-589 High Power 

Printed in U.S.A. 

500BH 

-65°C to + 150°C 

-55°C to +125°C 

6.8 v 
4.0 V to 5.5 V 

500CJ 

-65°C to + 150°C 

0°c to 70°c 

6.8V 

4.0 V to 5.5 V 
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SERIES 

-11-.004 TYP. 

r.024TYP. 

SIDE VJEW 

Complete part number desig­
nation consists of three digits 
and two letters, for example: 

6501 



ELECTRICAL CHARACTERISTICS 
POWER LEVELS 

LOW MEDIUM HIGH UNITS 
-55°C +25°C +125°C -55°C +25°C +125°C -55°C +25°C +125°C 

Vee max. 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 Volts 

Vee 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 Volts 

VoLatloL 0.4 0.2 0.25 0.4 0.3 0.35 0.5 0.4 0.4 Volts max. 

VoH 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 Volts min. 

VIL 1.4 1.0 0.6 1.4 1.0 0.7 1.4 1.0 0.7 Volts max. 

VIH 2.0 1.8 1.5 2.0 1.8 1.5 2.0 1.8 1.6 Volts min. 

l1L 200 150 120 550 450 400 1100 1100 1100 p.A max. 

11L R & S (f/f) 130 100 80 550 450 400 750 750 750 µAmax. 

11L C (flip-flop) 400 300 240 1450 1200 1050 2250 2250 2250 µAmax. 

l1L C2 Ro 400 300 240 1450 1200 1050 2250 2250 2250 µAmax. 

llHI 2.0 2.0 3.0 4.0 4.0 6.0 12 12 18 µAmax. 

llH2 10 20 60 µAmax. 

IOHI 100 100 100 µAmax. 

loH2 at 
Vee= 4.5V 0.0 2.5 2.5 2.0 5.0 6.0 mA 

loH2 at 
Vee= 4.5V 2.0 4.0 4.0 4.0 7.0 8.0 mA 

lou 1.2 0.9 0.72 3.3 2.7 2.4 8.0 8.0 8.0 mA 

IOL2 
med. pwr. 8.0 8.0 8.0 mA 

loll 
high pwr. 22 22 22 34 36 32 mA 

IOL4 
high pwr. 36 40 36 mA 

IOLSR 0.9 4.4 3.6 3.2 13.5 13.5 13.5 mA 

IA 20 200 375 µAmin. 

V11 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 Volts 

v,2 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 Volts 

DEFINITION OF SYMBOL & TERMS 

Vee 
Voi. 
VoH 

V1L 

V1H 

l1L 

l1H1 

l1H2 

loHI 

loH2 

loL 

IA 
Tpo 
Fan-out 

Supply Voltage 

The output voltage with 10 L applied and V1H applied to all inputs. 

The output voltage with input grounded. 

Maximum voltage that may be applied to an input without changing the outp.ut from "1" to a "O" state. 

Minimum voltage that may be applied to an input without changing the output from a "O" to a "1" state. 

The input forward current. 

The maximum reverse c.urrent allowable at the input when V11 is applied and the adjacent input is grounded. 

The maximum total reverse current at the input when V12 is applied to all inputs. 

The output high current when Vmax is applied to the o.utputs and Vee• with inputs grounded. 

The output current with inputs gro.unded, and the output voltage at V0 H minimum. 

Minimum load current at the output of the logic element in the "O" ·state. 

Minimum load current at the output of the logic element in the "1" state. 

Propagation delay - average of Ton and Taff· 

Minimum number of logic elements that may be driven by one other logic element and is determined by the 

ratio of~. 
l1L 
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B 
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SCHEMATIC (EACH GATE) 

R2 

.-----oE 

R3 

= GND 

LOGIC DIAGRAM AND PIN CONNECTIONS 

Ale=====~ 

Blc:===J:::;-~.r-~~~:::::=t:=::::iA2 
2 ~ 

r.::::====::J Vee 
14 

C2 

Elc::::::::;Et::::;;::_ __ _.,l,..,....'.:::~::::JD2 

L..:::====::i E 2 

JANUARY 1968 

500 504 
530 534 
570 574 

ELECTRICAL CHARACTERISTICS 
DISS. 
PER 

PROPAGATION DELAY (nsec) GATE 
PART POWER RESISTANCE VALUES (mW) -55°C +25°C +125°C 
NO. LEVEL R1 R2 Ri R4 Rs R6 TYP. MAX. TYP. TYP. MAX. TYP. Im 
500 L 00 20K 20K 40K 0.5 1.0 225 180 300 215 lou 

504 L 40K 20K 20K 40K 0.7 1.2 175 140 250 175 lou 

530 M 00 10K 10K 10K 1.5 2.2 85 75 100 85 lou 

534 M 10K 10K 10K 10K 2.0 3.0 75 60 90 75 lou 

570 H 00 7.0K 4.0K 3.5K 4.1 5.5 45 25 55 38 lou 

574 H 6.0K 7.0K 4.0K 3.5K 5.0 6.8 45 25 55 38 lou 



SCHEMATIC (EACH GATE) 

r----------e-----.---.-vcc 
I 

R2 
... 
~RI 
I 

--~c 

R3 

~-----------11•GND 

LOGIC DIAGRAM AND PIN CONNECTIONS 
Ale=====:;-, 

Blc:==::!=~~----;=.===t::=:::JA3 

A4 

C2c:=~=:::;~--_J,~~=:::JB4 

G ND c:=====::.J 

JANUARY 1968 

501 505 
531 535 
571 575 

ELECTRICAL CHARACTERISTICS 
DISS. 
PER 

PROPAGATION DELAY (nsec) GATE 

PART POWER RESISTANCE VALUES (mW) -55°q +25°C +125°C 
NO. LEVEL R, Rz R3 R4 Rs Ro TYP. MAX. TYP. TYP. MAX. TYP. IOL 
501 L 00 20K 20K 40K 0.5 1.0 225 180 300 215 lou 

505 L 40K 20K 20K 40K 0.7 1.2 175 140 250 175 lou 

531 M 00 10K 10K 10K 1.5 2.2 85 75 100 85 lou 

535 M 10K 10K 10K 10K 2.0 3.0 75 60 90 75 lou 

571 H 00 7.0K 4.0K 3.5K 4.1 5.5 45 25 55 38 lou 

575 H 6.0K 7.0K 4.0K 3.5K 5.0 6.8 45 25 55 38 lou 



Ao---" 
ifc:>--__, 
Co-----' 

SCHEMATIC (EACH GATE) 

----------------vcc 
I .. 
:: RI 
' 

R2 
I 

----no 

R3 

'-------+---t~GND 

LOGIC DIAGRAM AND PIN CONNECTIONS 

BI c=:====:;i Vee 

Clc:::::::::l=~tt::==;--;:::::::::::'.===i=:::::iA1 

83 

02c:::::::;;:t==~--_J,_::~::::ic3 

GND 03 

JANUARY 1968 

503 507 
533 537 
573 577 

ELECTRICAL CHARACTERISTICS 
DISS. 
PER 

PROPAGATION DELAY (nsec) GATE 
PART POWER RESISTANCE VALUES (mW) -55°C +25°C +125°C 
NO. LEVEL R1 R2 R3 R4 Rs R6 TYP. MAX. TYP. TYP. MAX. TYP. IOL 
503 L 00 20K 20K 40K 0.5 1.0 225 180 300 215 loll 

507 L 40K 20K 20K 40K 0.7 1.2 175 140 250 175 loll 

533 M 00 10K 10K 10K 1.5 2.2 85 75 100 85 loll 

537 M 10K 10K 10K 10K 2.0 3.0 75 60 90 75 loll 

573 H 00 7.0K 4.0K 3.5K 4.1 5.5 45 25 55 38 loll 

577 H 6.0K 7.0K 4.0K 3.5K 5.0 6.8 45 25 55 38 loll 

Printed in U.S.A. 6505 



A 

B 

c~-~ 

Du---~ 

R3 

SCHEMATIC 

G 

H 
~--oJ 

'-----OJ 

~-----vE 

RI 

JANUARY 1968 

.-----oF 

508 
538 
578 

.__ ___ __.._ ______ ..__ ______ ~GND 

LOGIC DIAGRAM AND PIN CONNECTIONS 
Ac:::::====::;i 

sc::=:=:t=:;--iP:::;---;:::::::::::::::::t::==:iJ 

c 

EC:::::~::.::::;;;:;::;:::::::::'..__-X.,;:::Fcf~G 

GNDc=====:::::.l 

ELECTRICAL CHARACTERISTICS 
DISS. 

PROPAGATION PER 
GATE DELAY (nsec) 

PART POWER RESISTANCE VALUES (mW) -55°C +25°C lf=_125°C PIN#6 PIN#8 
NO. LEVEL R, Ri Ri R4 Rs Rb TYP. MAX. TYP. TYP. MAX. TYP. IOL IOL 
508 L 20K 40K 20K 15K 40K 1.4 2.0 240 200 360 240 lou 2/3 10 u 

538 M 10K 10K 10K 7.5K 10K 3.8 4.8 100 85 120 100 lou 2/3 lou 

578 H 4.0K 3.8K 4.0K 3.6K 3.8K 8.9 11.2 55 35 65 45 lou 2/3 10 u 

Printed in U.S.A. 6506 



RS R9 

a 

R3 

R7 

SCHEMATIC 

RI! 

Rl2 

CLOCK 
2 

R7 

MASTER-SLAVE FLIP-FLOP 

ELECTRICAL CHARACTERISTICS 

0 
z a: ..J 
I- WW RESISTANCE VALUES a: ~> 
c( Ow R, R2 R, R• R, Ro R, Ra R, 0.. 0.. ..J 

R3 

R,o R,, R,2 

RI 

R2 

GND 
7 

POWER 
DISS. 
(mW) 

TYP. MAX. 

509 L 15K 40K 24K 36K 12K 20K 110K 56K 56K 28K 56K 28K 4.0 6.0 

539 M 10K 10K 10K 15K 3.0K 5.0K 20K 10K 20K 5.0K 15K 10K 12 18 

579 H 2.0K 3.3K 3.3K 5.0K 1.4K 2.2K 6.6K 6.0K 7.0K 3.2K 8.0K 3.3K 24 32 

Printed in U.S.A. 

c 

52 

JANUARY 1968 

509 
539 
579 

LOGIC DIAGRAM 
AND PIN CONNECTIONS 

Q =~::::::;~---'=:;::;=:=:J~::J Q 

GND~--~ 

S n 
1 

L 
L 
x 
x 
L 
x 
H 
H 
H 

Im SR 

loLSR 

10 LSR 

TRUTH TABLE 

R-S MODE 

S n 
2 

R n 
1 

R n 
2 

on+l 

x 
x 
L 
L 
x 
L 
H 
H 
H 

L x Q" 
x L Q" 
L x Q" 
x L Q" 
H H L 
H H L 
L x H 
x L H 
H H Ambiguous 

PROPAGATION DELAY 
AND CLOCK RATE 

J-K MODE 

J" K" on+l 

L 
L 
H 
H 

L 
H 
L 
H 

X • don 'I care 
Ro. So. I 

Q" 
L 
tL 
Q" 

55•c +25°c + 125•c 

YP. MIN. TYP. MAX. TYP. UNITS 

700 550 700 800 Tpd(nsec) 

0.75 0.5 1.0 0.75 Clock Rate 
MHz 

180 140 

4.0 3.0 4.0 

75 65 

12 10 12 

6507 

225 200 

3.0 

75 75 

10 

Tpd{nsec) 

Clock Rate 
MHz 

TPinsec) 

Clock Rate 
MHz 



x 

c 
D 

SCHEMATIC (EACH GATE) 

R3 

LOGIC DIAGRAM AND PIN CONNECTIONS 
Al c::::==::::i Vee 

Blc:::::::::i=,.......il---;~~=t::==iA2 

C2 

El c::::=it:::::;;~--.2:;1,=-=::}i::::::J 0·2 

GND E2 

I 
I 
I 
I 
I 
I ,, 
::RI 
' I I 
I 
I 
I 
I 
I 
I 

Vee 

E 

GND 

JANUARY 1968 

540 
541 

ELECTRICAL CHARACTERISTICS 
DISS. 

PROPAGATION PER 
GATE DELAY (nsec) 

PART POWER RESISTANCE VALUES (mW) -55°C +25°C +125°C 
NO. LEVEL R, R2 R3 R4 Rs Rb TYP. MAX. TYP. TYP. MAX. TYP. loL loH 
540 M 00 2.6K 2.0K 20K 11K 6.0 8.0 90 70 100 90 IOL2 IOH2 
541 M 5.75K 2.6K 2.0K 20K 11K 4.5 6.0 90 70 100 90 lol2 

Printed in U.S.A. 6508 

/ ' 



x 

A 

B 

c 
D 

SCHEMATIC (EACH GATE) 

I 

R2 
.... 
•:RI 

' I 
I 

R4 
R3 

LOGIC DIAGRAM AND PIN CONNECTIONS 

r.=====:::::i v cc 
i=;-er~~;:::'.::'.::==t::==:iA2 

C2 

Elc=~::::::;~:___~~~:::F,i=:=JD2 

L.'.:::====::::iE2 

ELECTRICAL CHARACTERISTICS 
DISS. 

Vee 

E 

GND 

JANUARY 1968 

543 
544 
583 
584 

PER 
PROPAGATION DELAY (nsec) GATE 

PART POWER RESISTANCE VALUES (mW) -55°C +25°C + 125°C 
NO. LEVEL R1 Rz R3 R4 Rs Rb TYP. MAX. TYP. TYP. MAX. TYP. loL 

543 M 00 10K 10K 20K 10K 1.5 2.3 85 85 120 85 lou 

544 M 10K 10K 10K 20K 10K 2.0 3.0 75 75 110 75 lou 

583 H 00 7.0K 4.0K 5.0K 3.5K 4.1 5.5 50 30 60 45 lou 

584 H 6.0K 7.0K 4.0K 5.0K 3.5K 5.0 6.8 50 30 60 45 lou 

Printed in U.S.A. 6509 



A( .... _......, 

8 l~---

c u---...J 

0 l.>-----' 

SCHEMATIC (EACH GATE) 

R2 

R5 
R3 

JANUARY 1968 

547 
548 

----r1E 

- GND 
LOGIC DIAGRAM AND PIN CONNECTIONS 

Alc::====::;-i 
Blc:::;:f;--ii!---;==:=:::i::::::::JA2 

C2 

El i::::~:::::;~--~=-=::F.i:::::J 02 

t..:::::::=:::::::i E 2 

ELECTRICAL CHARACTERISTICS 
DISS. 
PER 

GATE 
PART POWER RESISTANCE VALUES (mW) 
NO. LEVEL R1 Rz Ri R4 Rs Rb TYP. MAX. 
547 M 5.0K 1.4K 2.0K 9.0K 20K 7.5 9.6 

548 M 00 1.4K 2.0K 9.0K 20K 6.2 8.0 

Printed in U.S.A. 

PROPAGATION DELAY (nsec) 

-55°C +25°C +125°C 
TYP. TYP. MAX. TYP. loL 

75 60 90 75 lou 

75 60 90 75 IOL3 
·~-·"-----~- --- . 

6510 



580 SCHEMATIC 
DUAL 4 INPUT BUFFER WITH EXPANDER (EACH GATE) 

..-------------.-----•Vee 

A 

B 
C<>---~ 

Do------' 

R3 

R5 

587 SCHEMATIC 
DUAL 4 INPUT GATE WITH EXPANDER (EACH GATE) 

..------------------Vee 

A 

B 

co----' 
Do------' 

R3 

RI 

..-----of 

R2 

'------------GND 

ELECTRICAL CHARACTERISTICS 
DISS. 
PER 

GATE 

PART POWER RESISTANCE VALUES (mW) 

NO. LEVEL R1 R2 Ri R4 Rs R6 TYP. MAX .. 
580 H 1.85K 150 850 630 5.0K 3.8K 17 22 

587 H 850 630 5.0K 3.8K 13 17 

Printed in U.S.A. 

JANUARY 1968 

580 
587 

LOGIC DIAGRAM 
AND PIN CONNECTIONS 

A I r.===:::::i V cc 

Blc::::::::f;-ttj"---;:::::'.::'.=:=i:::::=iA2 

C2 

EIC:::~:::::;;-;;:;!_~-~=-=::Fci::=iD2 

GND E2 

PROPAGATION 
DELAY (nsec) 

-55°C +25°C +125°C 
TYP. TYP. MAX. TYP. loL loH 

60 45 60 60 loll loH2 
60 55 60 60 IOL4 

6511 



ToN, ToFF 
504, 534, 574, 580, 540, 541 

vthreshold: 
-55°c 25•c 125•c 
1.8 v 1 .5 v 1.2 v 

Vee = 4.0 Volt 
Clock Freq: 1.0 MHz 
Clock Amplitude: 4.0 Volt 
Clock Duty Cycle: 50% 
T, = T1 = 25 ± 5 nsec 

504 534 

ALI 4.2 1.4 

Rl2 40 10 

c1 10 10 

C2 10 10 

ToN, ToFF 
509, 539, 579 

vthreshold: 
-55°c 25•c 125°c 
1.8 v 1.5 v 1.2 v 

509 539 

Ru 4.2 1.4 

RL2 60 10 

c1 10 10 

C2 10 10 

CLOCK RATE 
509, 539, 579 

RL 

509 10 KU 

539 3KU 

579 1 KU 

Printed in U.S.A. 

Vee 

574 580 
7 

0.47 0.15 

6 

8 

JANUARY 1968 

500 
SERIES 

3.9 0.51 

50 

30 

579 

0.4 

3.9 

30 

30 

500 

500 

Note: C 11 C2 Include Probe & 
Jig Capacitance 
Allocate 10 pf for Probe & 
Jig Capacitance 

PULSE GEN. 
4 6 1---....-----0 SCOPE _n_ u-----2 

UNITS 11 7 9 i-----+----o SCOPE 

KU 

KU 

pf 
= GND 

Note: C 1, C2 Include Probe & 
Jig Capacitance 
Allocate 10 pf for Probe & 
Jig Capacitance 

pf 

PULSE GEN 
n rl4 

__J Lo-~--+-+-t 2 DEV ICE 
~ #I 

7 

~ 50 .0. 

Vee 

1 

r-H4 
I 

DEVICE 
#2 

7 s---.......... -e .. SCOPE 

Vee= 4.0 Volt 



( 
\ SWITCHING SPEEDS vs TEMPERATURE 

14001---''l.-t--+---JF----,I 

~ 
i 

too 1-~1-o...-l==--+---1 
31! 

200~-~-~-~-~-~-~ 
- 75 -25 25 75 125 175 225 

TEMPERATURE l-C) 

l60 

l40 

60 

40 

VARIATION OF POWER REQUIREMENTS 
vs TEMPERATURE 

~ 

"" llGHP !>wE• 
,,...... ....- ]':::: 

t--...... 
~.POWER AND 

JMEllltJMJPOWER 

-75 -2!5 25 lS I .. 
TEMPERATURE C-CJ 

I 

FLIP-FLOP CLOCK RATE vs TEMPERATURE 

12,--,--,-::==---,--,--, 

~~ 10 t---+--+---+---+-'\"<-+----1 
}s10 

Vcc•4.0 I/ 

j•t---+~--+--+--+--t---1 

l 
_-1--+--t--4"'9 

-920 -75 -·· .. 75 
TEMPERATURE (•C) 

125 175 

NOISE IMMUNITY vs TEMPERATURE 

3.0~-~-~-~-~-~-~-~ 

·~r--+---+---+----+--+----t----4 

!2Dt---+---+---+----+--+----t----4 
~ 

I NPUT/OUTPUTTRANSFER CHARACTERISTICS 

vs TEMPERATURE 

1 b1 ~~ I 
MEllll.MAMl 

~ ~~= 
I 125'0 

25'C 
150-C 

~' \\.. ~ 
.. 1.0 1.5 2.0 2.5 3.0 3.5 

INPUT VOLTAGE -VOlh 

W°' AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) %8-9241 





• INPUTS DTL COMPATIBLE (USES T'L 580) 
• USE FOR CORE, CABLE, AND LAMP DRIVER 
• HIGH CURRENT CAPABILITY-UP TO 250 mA 
• HIGH VOLTAGE CAPABILITY-40 VOLTS LVcEO 
• LOGIC FLEXIBILITY-4 INPUT NANO WITH INHIBIT (NOR) INPUT 

8 

Vee 

j'o 
2' 
43 

9 

GRL5 
6 7 

ABSOLUTE MAXIMUM RATINGS 
(25°C Free Air Temperature unless otherwise noted) 

Maximum Voltage Applied to Pin 8 

Maximum Voltage Applied to Pin 10 

Power Operating 

Operating Temperature 

Storage Temperature 

Printed in U.S.A. 

8 = 1·2·3-4 + § 
POSITIVE (NANO LOGIC) 

40 Volts 

6.8 Volts 

150 mW 

-55°c to +125°c 

-65°c to +150°c 

JANUARY 1968 

2001BE 

E PACKAGE 

J~OIA r 
.040 ·:: ~ [_.040 .QIQ~ .._.__._.._L MAX. 

~1--1- ~! .500 . i 10 LEADS 

TiJ ~ I~ -::IA 
L~a+--120 DIA . 

. 335 

:~=~DIA. 

PIN 5 IS INTERNALLY CONNECTED TO CASE 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

7001 



ELECTRICAL CHARACTERISTICS (Vee = +s.o Volts, Pins 5 and 7 Grounded) 

CHARACTERISTICS 
PIN 

MIN. TYP. MAX. MEASURED 
V0 L (Output Low) with V1 = V2 = V3 = V4 = V9 = 2.0Volts, Is= 250 mA Vs 350 

hx (Output High) with V1 or V2 or V3 or V4 = 1.0 Volts, V9 open, Vs= 40 Volts Is 5.0 

VoHB (Buffer Output High) with V1 = V2 = V3 = V4 = V9 = 2.0 Volts v6 2.1 

V 0L8 (Buffer Output Low) with V 1 or V 2 or V 3 or V 4 = 1.0 Volts, V 9 open v6 100 

IF (Input Current of Pin 1, 2, 3, 4, or 9) Pin under test at OVolts, other inputs open 1,_4 9 -1.6 

t00 (Switch Turn-On Time) (See test conditions Figure 1) 70 

t011 (Switch Turn-Off Time) (See test conditions Figure 1) 110 

40V TYPICAL SWITCHING TIMES 

2001l 

150 l---+--+--+--+--+--+/---tV"-7"'V1t--t--1 

~ ~f--+--+--+---7',L_"'-t-~-~~~~r--j;;;lo""~.,_~ 
y ~ 

.. 
c 

~ 
INPUT 4V 2V 

ov 

4V 2V 4V 

loft 

LAMP DRIVER-

INPUTS FROM,.,___.--.... 
DECADE 

COUNTER, 
ETC. 

LATCHING RELAY­

UNLATC,H { ~ 
INPUTS 3 

LAMP TEST 

LATCH INPUT 9 

-50°C 

6 
+28 V DC 

25°C 
TEMPERATURE 

3 · #321 BULBS 

125°C 

Relay will unlatch if any input (1, 2. 3) goes low. 

DTflL INTERFACE DRIVER-

RL ~ 160Q at Vee = 40 VOLTS 

RL ~ 80Q at Ve c = 20 VOLTS 
HIGH-CURRENT LINE TRANSMITTER-

INVERTING 
INPUTS 

NON-INVERTING INPUT 

r-(;o---...--o OUTPUT 

RL (Logic levels selected 

by Vccl 

Vee 

r°~~====)--r--o OUTPUT 
50Q CABLE 

50Q 

Vee 
(UP TO +12 V) 

NOTE: If only non-inverting input is used, one of the inverting inputs must be grounded. 

'W' AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 •Phone (415) 968-9241 

UNITS 

mV 

µA 

Volts 

mV 

mA 

ns 

ns 



These gates are designed for general purpose high level signal switching, scanning, multi­
plexing, AID conversion, telemetry and chopper applications. They feature high switching 
speed pl.us the capability of handling high level AC signals at frequencies in excess of 1 MHz. 

The elements provide the necessary isolation between the data signal and the drive signal 
without the use of a transformer and have zero offset voltage. Internal diode requires no ex­
ternal capacitor for switching application. 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range -65°C to +165°C 

Operating Temperature Range -55°c to +125°C 

Power Dissipation at TA= 25°c 0.8 Watt 
Tc= 25°C 2.0 

Derating factors 
(JJA 4.0 mWl°C 
IJJc 20 

r- - - - - - - - ... ---------------ci G 
I 
I 

•• c _ _,_._ 
I "'tr' 

I : 
I 
L- - - - - - - ------------------ci c 

E 

ELECTRICAL CHARACTERISTICS AT +25°C 
(Unless Otherwise Specified) 

PARAMETER SYMBOL 
TEST 

CONDITIONS 
DC Output Vour 

Voltage Range 
2107BE See Figure 1 
2110BE See Figure 1 

Drain-Source rds 
On Resistance 

2107BE ID= 1.0 mA 
VGs = 0 

2110BE 

2107BE ID= 1.0 mA 
VGS = 0, 

2110BE TA= 85°c 

· .. ; / '1P····· ,..~~t<::n.S!:Ml~~~!XfroR 
: • )' • < > .. i' .·.····• ATEtEDY'.Nt C:OM~Al\J'Y. ~ 

':< '<,"'-~,,; <"'-''' 

Printed in U.S.A. 

MIN. MAX. UNITS 

±5 Volts 
±10 

100 n 

50 

140 

90 

JANUARY 1968 

2107BE 
2110BE 

E PACKAGE 

~ ~ 6 LEADS 

--il-·021 i- .016 

s 
0 

G 

Complete part number desig­
nation consists of three digits 
and two letters, for example· 

7101 



PARAMETER SYMBOL 

Turn-On Time ton 

Turn-Off Time toll 

Drain-Gate cdgo 
Capacitance 

Source-Gate .Csgo 
Capacitance 

Drain Cutoff Current IDIOFFI 

Gate-Channel ,BVGSS 
Breakdown Voltage 

Collector-Base Cutoff Current leso 

Collector-Gate BVeso 
Breakdown Voltage 

Collector-Emitter VeEO 
Sustaining Voltage 

Emitter-Base BVEBO 
Breakdown Voltage 

DC Current Gain 

AC Output 
Voltage Range 

10 

i. 
... 
" z 
~ . 
~ ... 
" I- • 

" .. 
1-

5 
·~ 2 

" 

hFE 

eour 

2107BE 
21108E 

[_\ 
\ 

Output Capacitance 
vs 

Drain-Source Voltage 

VGS•O 
T&•H"C 
f•l.MHz 

~ 
~ 
~ ....... 

t--
t-1 

0 o 10 20 30 40 so 
Vos·DRAIN-SOURCE VOLTAGE (VOLTS) 

TEST 
CONDITIONS 

See Figure 1 

See Figure 1 

VDG = 10V 
15 =0 

f = 1.0MHz 

V56 =10V 
lo= 0 

f = 1.0MHz 

V0s = 20V 
V65 =-7.0V 
V05 = 20V 
VGS = -7.0 v. TA= 85°C 

IG = 1.0µA 
Vos= 0 

Ves = 30V 
IE= 0 

le= HJ µA 
IE= 0 

le= 0.1 µA 
le= O 

le= 10mA 
VeE = 10V 

See Figure 2 

-1.0 

-2.0 

-;( -5.0 

! 
.!:i-e.o 

-7.0 

-8.0 

-9.0 

·10.0 

11.00 

MIN. TYP. 

350 

350 

0.2 

20 

30. 

40 

40 

5.0 

40 

5.6 
10 

PNP 
Transfer 

Characteristics 

.•. ;;.. .. 
-4Cl .. A 

-~ .. 
I ...... 
-!I0,11A 

1 . ...... 
I 
-l40.11A 

'-I- -~ ... 
I 

-10 

MAX. UNITS 

700 nsec 

700 nsec 

5.0 pf 

5.0 ¢ 

1.0 nA 

Volts 

10 nA 

Volts 

Volts 

Volts 

vp-p 

-oo 



On Resistance 
vs 

Ambient Temperature 

o'----'--'---'---J'---'----'---' 
-50 -25 0 2!5 so 7& 100 125 

;;( 
.§ 
.... 

TA-TEMPERATURE ("C) 

FET 
Transfer 

Characteristics 
2107 BE 

! .1--+--+--+~i-.<-+--,,+-~ 
z 

~ 4 

0 l--+-~;.sf<:,....f "-:P,.."F'-t 

O.!I LO 

Vos-DRAIN-SOURCE V<l..TAGE (VOLTS) 

Leakage Current 
VS 

Voltage 

O 0 IO 40 "' 

Drain Cutoff Current 
and Source Cutoff Current 

vs 
Ambient Temperature 

!IOO.O 

100.0 
Voo!HJ•ro°J 

lZ 
lZ i 100.0 

~ IO.O 

~ 20.0 

~ 10.0 

~ 0.0 

~ 1.0 

lZ 
lZ 

17 
1Z 

17 
lZ 

17 I 1.0 

j 0.1 

0.1 17 
0.1 

o.oan 
10 79 IOO 121 

TA-TEMPERATURE !'Cl 

NORMALIZED Vos 
vs. 
VGs 

, .. 

I O 0.Z 0.4 0.6 0.8 1.0 

VGslVp-NORMALIZEO GATE TO SOURCE VOLTAGE 

C 1 Capacitance 
vs 

VCG 

20·<---+--+---4---+---+-- 1--1---1--1--1--

2.0 4.0 6.0 8.0 10.0 12.0 
VcG-VOLTS 

Drain-Source "ON" Voltage 
vs 

Drain Current 

5 1.0 II, "21 
):'. Vos•O . 2llO --v 
- t-- ,..,. 21-C. >--+_..,,f-+---MH-Jl-'--l 
~0.1 - 7 Vzl07. 

~ [7 t7 
~o.. IV17 
~ 04 lZJZ 
~ 212 
' 0.1 ]77 
g V_ 

j ~ 
oo~-'-~.'---'--~.:--'--+.,.:--'--~,.--'---:!~. 

~ 

lo-DRAIN CURRENT (mA) 

Junction Capacitance 
vs 

Normalized Bias 

: 201--->!,--l---+--I---+---! 
Ii 
~ 1&1---t-__;~-t--t---+--i 

! u 121----1--l----l-::>...--l---+--l 
' "' i: a l---+-+--+--1\---+--l 
' 
8 4,,\--+--+--+--+__;+==*"' 

0 0 0.2 0.4 0.6 0.8 1.0 1.2 2.8 :s.o 
VsG (VOG) NORMALIZED VOLTAGE 

Vp(lnA) 

FET 
Transfer 

Characteristics 
2110 BE 



Eac 

2.7k 

510.n 

":' r-
I 

-L!c, r.-. I 
I:.. -

2.7k 

510.n 
":' 

I 
I 

_!i.'e 
If' I 

I I 
I 

4.7k 

220.n 

B -.i jt-t, -.i if-tf 

\~~~;::~ ....... J ...... I 1-__,.,---v-~....-r 
1I1 1I1 
It-- 211 SEC Iii 

5k 

-ti ton jt- -ti t off jt-

;irJ :· L 
•••• ov t I 

4.7k 

Vee 

Figure 1. DC Input Test Circuit 
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(See table I for conditions) 

Figure 2. AC Clipping Test Circuit 

TABlf 1 

GATE 2107BE 2110BE 

Vee +12V +1BV 

Vee -12V -18V 
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This Analog Switch is used for high level multiplexing, A/D conversion, telemetry, and chop­
per applications. It features high switching speeds and has the capability of handling ac 
signals with frequencies in excess of one megahertz. 

10 
9 

8 

3 

IC.SK 

II 10.SK l.44K 5 

l.44K 

10.SK 6 

12 2 

Circuit Schematic 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to +125°C 

Power Dissipation @ TA = 25°C 1.36W 

Thermal Resistance @ TA = 25 ° C 
9JC 50°C/Watt 
9JA 110°C/Watt 

Printed in U.S.A. 

.036 
1m 

CENTRAL 

JANUARY 1968 

2114BF 

F Package 

PIN 6 COMMON TO CASE 

VouT 

(Mechanical Equivalent) 

Complete part number desig­
nation consists of ·four digits 
and two letters, for example: 

7102 



ELECTRICAL CHARACTERISTICS AT +2S°C {Unless Otherwise Specified) 

PARAMETER SYMBOL TEST CONDITIONS 
LIMIT 

UNITS 
MIN. MAX. 

Static Drain-Source "ON" Resistance ros lo = 1.0 mA; v GS = 0 100 D 
10 = 1.0 mA, V GS= 0, TA = 85°C 150 

Drain-Source "OFF" Resistance R10FFI · V0s = 10V, VGs = -7.0V 108 D 

Drain-Gate Leakage Current V0s = 20V, VGs == -7.0V 1.0 nA lo10FFI 
V0s = 20V, VGs = -7.0V, TA= 85°C 60 

FET Gate-Source Breakdown Voltage VIBRIGSS IG = 1.0 µA, V05 = 0 

Diode Breakdown Voltage VR IR= 1.0µA 

Transistor Collector-Emitter Breakdown LVeEo le= 10 mA, 18 = 0 
Voltage 

Drain-Gate Capacitance 

Source-Gate Capacitance 

Turn-On Time 

Turn-Off Time 

DC Voltage Range 

AC Peak Voltage Range 

FET 
Common Source­

Drain Characteristics 

cdgo 

c,go 

ton 

toff 

VouT 

EouT 

V0e = 20 V, Is = O 
f = 1.0MHz 

VGs = 20 V, 10 = O 
f = 1.0MHz 

See Figure 1 

See Figure 1 

See Flgure2 

See Figure 2 

NPN 
Transfer 

Characteristics 
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PNP 
Transfer 

Characteristics 
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pf 
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Figure 1. Switching Time & DC Voltage Test 
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Drain-Gate Leakage Current 
VS 

Drain-Gate Voltage 
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figure 2. At Clipping level Test 
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This Analog Switch is .used for high level multiplexing, A/D conversion, telemetry, and 
chopper applications and may be driven from TIL, DTL, RTL, or SHUL logic. It features 
high switching speeds and has the capability of handling ac signals with frequencies in 
excess of one megahertz. 

10 
9 

8 

10.SK 

IQ.SK l.44K 5 
II IQ.SK 

l.44K 

10.SK 6 

12 2 

Circuit Schematic 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to +125°C 

Operating Voltages ±18 Volts 

Thermal Resistance @ TA= 25°C 
OJA 110°C/Watt 
OJc 50°C/Watt 

Printed in U.S.A. 

JANUARY 1968 

2126BG 

G PACKAGE 

Vour 

(Mechanical Equivalent) 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

7103 



ELECTRICAL CHARACTERISTICS AT +25°C (Unless Otherwise Specified) 

! 

PARAMETER 

Static Drain-Source "ON" Resistance 

Drain-So.urea "OFF" Resistance 

Drain-Gate Leakage Current 

FET Gate-Source Breakdown Voltage 

Diode Breakdown Voltage 

Transistor Collector-Emitter Breakdown 
Voltage 

Drain-Gate Capacitance 

Source-Gate Capacitance 

Turn-On Time 

Turn-Off Time 

DC Voltage Range 

AC Peak Voltage Range 

FET 
Common Source­

Drain Characteristics 

~ &f--+--+-+t-:f-+-r-f--+--+--:::J;.""'1'--l 
0: 
0: a 
~ 41---1-+tr-fr-+,-C..l--+--+--+--+--I 

! 

0.5 1.0 

SYMBOL 

ros 

Rroffl 

lorom 

VIBRIGSS 

VR 

LVcEO 

cdgo 

csgo 

ton 

to ff 

Vour 

Eour 

IO 

~ 8 

i a 6 

~ 
u 
~ 4 
...J 
0 
u 
I 

.!i 2 

0 
0 20 

TEST CONDITIONS 
MIN. 

lo= 1.0 mA, VGS = 0 
10 =1.0 mA, VGs = o, TA= 85°C 

V0s = 10V, VGs = -7.0 V 10' 

V0s = 20 V, VGs = -7.0V 
V0s = 2ov, VGs = -7.0V, TA= 85°C 

IG = 1.0 µA, V0s = O 

IR= 1.0 µA 

le = 10 mA, 18 = O 

V0c=20V,ls=0 
f = 1.0 MHz 

VGs = 20V, 10 = 0 
f = 1.0MHz 

See Fig.1 

See Fig.1 

See Fig. 2 

See Fig. 2 

NPN 
Transfer 

Characteristics 
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\... 

LIMIT 
UNITS 

MAX. 
65 n 
95 

n 

1.0 nA 
60 
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Characteristics 
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Figure 1. Switching Time & DC Voltage Test 
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Figure 2. AC Clipping Level Test 
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The Amelco 2128BG is a quad analog switch for multiplexing, sample and hold, A/D con­
version and chopper applications. 

Thin film techniques were used to combine four FET diodes, twelve thin-film tantalum 
resistors, four 2N2907 pnp transistors and four 2N4092 FET's in one low profile T0-8 
header. As a result, a quad analog gate is available for military and industrial applications 
where more reliability, added performance, and more package density are required. 

16 16 
8 7 

SOURCE 

12 II 
DRAIN 

2 

13 13 

16 16 
6 5 

10 9 

4 

13 13 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 1 so0 c 
Operating Temperature -55°Cto +125°C 

Thermal Resistance fJJA = 50°C/Watt 
,,JC= 110°C/Watt 

Operating Voltages +Vee= +18 Volts 
-Vee= -18 Volts 

Printed in U.S.A. 

JANUARY 1'968 

2128BG 

G PACKAGE 

1:g~go1A.l 

ffim(i -~ w~· 
-~~ ~ ~ ~ ~ ~ 16LEADS 
ll~~~ ~'~ 

.075 
TYP 

BOTTOM VIEW 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

7104 

2128BG 

\\.Package 
LGrade 

Type 



·ELECTRICAL CHARACTERISTICS at 25°C (Unless Otherwise Specified) 
LIMITS 

PARAMETER SYMBOL .TEST CONDITIONS 
MIN. MAX. UNITS 

Static Drain-Source "ON" Resistance rds 10 =1.0 mA 50 Ohms 
\_ / 

10 =1.0 mA 90 Ohms 
TA= 105°C 

Drain-Source "OFF" Resistance R1om Vos= 10V 1 ()" Ohms 
V6 s= -7.0V 

Drain-Gate Leakage Current lo1om V0s = 20V 1.0 nA 
V6 s=-7.0V 

Vos= 20V 0.3 µA 
V6 s = -7.0V, TA= 105°C 

Turn-On Time ton Figure 1 1.0 µsec 

T.urn-Off Time toll Figure 1 1.0 µsec 

DC Output Voltage Range ±Eout Figure 1 ±7.0 Volts 

AC Output Voltage Range eout Figure 1 8.0 vp-p 

+1sv -1sv 
FIGURE I, TEST CONFIGURATION FOR TURN-ON TIME, TURN-OFFTIME 

DC OUTPUT VOLTAGE RANGE. AND AC OUTPUT VOLTAGE RANGE. 

·'-· 

...,... AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif, 94040 •Phone (415) 968·9241 



( 

These Hybrid Operational Amplifiers are designed specifically for applications requiring 
very high input impedance and extremely low power consumption. Other outstanding elec­
trical characteristics include extremely low offset currents and drifts, high open loop gains, 
and short-circuit protected output. 

5 +Vee 

15K 15K llOK 224K 7.5K 
(2404) (2405) 

8 Q7 

9 Q6 

6 QI 
INVERTING 510 

2 
OUTPUT 

3K 3K 510 
7 

NON-INVERTING 

Q5 QIO 

100 

1 CRI 
4 QB 

IK 3.3K IOK 
6.BK 

11 -Vee 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature Range -ss•c to +1so 0 c 

Operational Temperature Range -ss•cto +12s 0 c 

Maximum Supply Voltage 
2404BG ±18V 
2405BG ±35V 

Thermal Resistance @TA= 2s 0 c 
IJJC so0 c1w 
(JJA 110°01w 

Printed in U.S.A. 

JANUARY 1968 

2404BG 
2405BG 

G PACKAGE 

I-- a!.Q DIA--1 
___i___I .54o _I 

iS 

[lj !J.~ 
~597 

IT!_.020R 
MAX 
GLASS SEAL 

~DIA 
12 LEADS 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

7401 



ELECTRICAL CHARACTERISTICS AT +25°C (Unless Otherwise Specified) 

PARAMETER 
Open Loop Voltage Gain 

Input Resistance 

Input Bias Current 

Input Bias Current TA= 125°C 

Input Offset Current 

Input Offset Current TA= 125°C 

Input Offset C.urrent Drift 
TA = -55°C to +s5°C 
TA= -55°C to +125°C 

Input Offset Voltage 

Input Offset Voltage Drift TA= -55°C to +125°C 

Common Mode Voltage Range 
(2404) 
(2405) 

Common Mode Rejection Ratio 

Input Noise (See Figure 1) 

Slew Rate (See Figure 2) 

Power Dissipation 
(2404) Vee= ±15V 
(2405) Vee= ±30V 

Pov.(er Supply Rejection Ratio 

Output Voltage Swing RL = 10k 
(2404) 
(2405) 

Output Voltage Swing 
vs. 

Frequency 
Unity Gain Configuration 

70 
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"""Jll,.i 

:1t~ 
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10 
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.... 
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~ 
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16 
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40 
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IOM 
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20 
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25 
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IOV 
ATIKHz.l'L 

+~e -Vee 

100.nt5% 

i 101'1 

47.nt5% 

IOpl 

BALLANTINE 
TRUE RMS VTVM 

MODEL 320A 

Noise Test Setup, Wide Band Noise 160 Hz to 16 littz 

15 SLEW RATE. 'A:, • ~o~ • 2V/,.sec 
r I ,. 

-2-

10 20 30 40 eo 60 ro eo 
TIME 1,.1ec) 

Slew Rate Test Configuration 

30k 

Offset Voltage Adjustment 

...,.... AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 

/ ' 



( 

The 2802, positive voltage regulator, and the 2803, negative vonage regulator, are designed 
to be .used with linear and digital circuits. Both regulators are packaged in low profile T08 
headers. Important features are: 

• One-Tenth percent load and line regulation 

• One-Half percent stability over full military temperature range 

• Current limiting adjustable with external sampling resistor, (R5). 

• Compensation included in package. 

• Output currents of 200 mA without external transistor and 10 Amps with external 
transistor. 

• Output voltage adjustable from 4.5 V to 40 V. Adjustment not necessary for 12 V. 

Printed in U.S.A. 

7.5K 

91K 

9V 

I 
IOOpf 

12 

3K 180K 5.5K 

6.!5K 

r10 

ELECTRICAL SCHEMATIC OF 2802 REGULATOR 

Rs 
r---'VVv----
1 

IK IK 

7.!5K 

91K 

911 

I 
IOOpf 

12 

3K 1801< !5.!5K 

6.5K 

110-....._ ___ ___.._____..__ ____ _._ __ __._ __ _,f 10 
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JANUARY 1968 
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Complete part number desig­
nation consists of four digits 
and two letters, for example: 

7801 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature: 
Operating Temperature: 
Power Dissipation 

TA= 25°C: 
Tc= 25°C: 

Thermal Resistance fJ JA: 
11.JC: 

Input Voltage: 
Input-Output Voltage 
DiffeFential: 

-55°C to +125°C 

1~8 Watts 
3;5 
100°C/Watt 
50° 
55 Volts 

40 Volts 

ELECTRICAL CHARACTERISTICS AT + 25°C (Unless Otherwise Specified) 

CHARACTERISTIC 
Input Voltage Range 

(2802) 
(2803) 

Initial Output Voltage (Internal Divider, 
Vin= 15 Volts) 

(2802) 
(2803) 

Output Voltage Range (externally adjusted) 
(2802) 
(2803) 

Output-Input Voltage Differential 

Load Regulation (0 to 100 mA) 
(See Figure 1) 

-·· --· 
Line Regulation (Line change ::;;- 38/V) 

(See Figure 2) 

Temperature Stability, TA"'"' +155.";G:to +125°C 
(See Figure 3) ' 

··-· 

Long Term Stability (168 Hrs.) 

Recovery Time 
(See Figure 4) 

Load 
Line 

Ripple Rejection (ein = 3.0 V PP at 1.0 kHz) 
(See Figure 5) 

Output Impedance (f = 1.0 kHz) 
(See Figure 6) 

Load Current 
(See Figure 7) 

TA=25-'IC 
Tc=-~ 

Current Drain (no load, Vin= 20'l.', J.(-GUt'= 12 V) 

OUTPUT VOLTAGE \"C~6£ 
vs 

···i ···--

_l 

INPUT VOLTAGE 
>~----.-~-.-~--.--~.--trJ----,..v...-----. 

~ 
~ 30 l-------1------+---+---h.,._--1----; 
"'uz::c Eou1 • +12V (2802) : L. VT 

EouT • -12V (2803) 
RL = l.2K 

~201-----1---+---+-~--+---+----; 

~ / 
g L_ 
~10 A 
5 LJ 

00 20 30 ~ 50 60 10 
INPUT VOLTAGE (Volts) 

MIN. 

+12 
-12 

+11.5 
-11.5 

+4.5 
-4.5 

2.5 

TYP. MAX. UNITS 

+55 Volts 
-55 

+12.0 +12.5 
-12.0 -12.5 

+40 
-40 

40 

0.03 0,1 

i 
·.Q.005 ! CO.flt 

i 
' 

0.1 0.5 

0.05 0.5 

1.0 
1.0 

-65 -60 

0.5 1.0 

' 
100 

, 

~200 i 
i 

4.0 5.0 mA , 

OUTPUT VOLTAGE CHANGE 
vs 

LOAD CURRENT 
.8 ...----,,..------,.--~---.---~---, 

~ I 
I 

~ 6 1---___,1-----1----+----+----+---#--t 
z EouT =+12V(2802) 7 
C( / n EouT =-12V (2803) / 

E1N = 15 VOLTS -"' 
~41---_.:.:.;r-------.---+---t---7'.L-t-J----1 

~ I 7 
g V-- I 

~ 21---1--1-_........,--l~------:..-1'"----+---+----i 

5 ~I 
00 20 40 60 80 

LOAD CURRENT CmAl 
100 120 

·"-.__ / 



-80 

"' 

0 
0 

~ 12.1 

w 
<l) 

~12.0 
> 
I-
::::> 
~ 11.9 

5 

0 
~ 
I- 100 z 
w 

10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
l 

RIPPLE REJECTION 
vs 

FREQUENCY 

' 
~ 

100 IK IOK 
FREQUENCY (Hz) 

LOAD AND LI NE 
RECOVERY TIMES 

"' 15 12.1 
~ 
w 
~ 
!:J 12.0 
0 
> 
I-
::::> 
~ 11.9 
::::> 
0 

"' ~ 
30 

w 

~ 
\ 

IOOK 

I 
I 
I 
I 
I 
I 
I 
I 
I 

i 

IM 

0: 50 tr=IOns If= IOns ~ tr =IOns lt=IOns 
0: 

~ ::::> J l i u 0 0 25 > 0 2 4 6 8 10 2 4 6 8 c( I-
9 TIME (µ.sec) ::::> TIME (µ.sec) 

0.. 
~ 

INPUT VOLTAGE 
vs 

LOAD CURRENT 
(SHORT CIRCUIT CONDITION) 

so~~~~-~~~-~~~--~~ 

70t---+--+---+-+--t---+-+--t---+-+---+--i 

'l I ~60t---+---+----+--+--r----+--+--r----+-+--+----1 
~ , l\ . _'1, Po: E IN IuM~TING 
~501---+-\-\-+--~~l\.--+--+---l-+--+---+-+--+---l. 

c( 40 t---+-~-...-,+---+o..~'1'<-+___,t---+--r___,t---+--+---+--t 
':J I\. ""!-.... -2.8 WATTS I 

~30t---+---+-~__.-~~--t---+---+-___,t---+--t----+--t 
I- 'l f'l._ I 

~201---+---l-----1~_,,.,d---+-----11----= -.....i,,,.....,.;::-t---t--t--t---i 

~ ~ ~ 

i 
10 

1or--t--t--t-r---+:-:~::+:~:j::;::::t::::::J---t---1 
_ii .4 ~AT'T_is' 

0 0 20 40 60 80 100 120 140 160 180 200 220 240 
LIMITING LOAD CURRENT (mA) 

4 

3 

~ 40 
!? 
~ 35 
...J 
s 30 
I-z 
~ 25 
w 
t!: 20 
Ci 
I-
::::> 
0.. 
I-
::::> 
0 

I 
I-
::::> 
0.. 
~ 

c( 

E 

15 

10 

5 

0 
0 

OUTPUT IMPEDANCE 
vs 

FREQUENCY 
!UNFILTERED) 

li 
k1 

10 100 IK IOK 
FREQUENCY (Hz) 

INPUT OUTPUT DIFFERENTIAL 
vs 

LOAD CURRENT 
(OPERATING COND ITIONl 

IOOK IM 

:s.:\ ~ '<. 0 WATTS --t-----+--+---t---+---i 

~ !'.... 

.5 WATTS/ 
..L ...L 

20 40 60 80 100 120 140 160 180 200.220 240 
LOAD CURRENT (mA) 

LIMITING LOAD CURRENT 
vs 

TEMPERATURE 

!z. 20011-, --+-----1---""'-~--+ 
l<J) 
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0: a 1so f---+---+---==-,...o;;;::----+--r-::o.......t:----j 
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..Ji I 00 1-• --+-----1--=""----===---+---+---+----'~ 
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~ F===f ::::==j~.....!.~~f=:;:::=f:==:±::=J :::i 50 

0'----'----'----'--~--~-~~ 
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TEST CONFIGURATIONS 

Ein•16 :t 1.ov i 
Figure 1. Load Regulation 

OUTPUT 

Ein • 16 :t 1.ov 

~ 
Figure 3. Temperature Stability 

Figure 5. Ripple Rejection 

R LOAD• 
l.2K 

R LOAD= 
l.2K 

Ein= 15:tLOV..:.. 

J: 

Ein • 15 TO 53V 

~ 

R LOAD= 
':"' l.2K 

Figure 2. Line Regulation 

Ein = 25 TO 30V 

Tr =Tt = IOns ~ 

INPUT 

R LOAD• 
ex>TO 120.{l 

':"' Tr = Tf = IOns 

Figure 4. Response Times 

..:..+20V 

* 

TA= 25° C 

Zo= l:.!J.. 10.n 
e2-e1 

10 

20~Fl 
~ ~ e • 50MVpp 

Figure 6. Output Impedance 

R LOAD = 
so.n 

Figure 7. Maximum Load Current 



TYPICAL APPLICATIONS 

OPERATING CONDITIONS 
Eout = 12 :!: 0.5V 
IL = 0 TO 200mA 

UNREGULATED INPUT 

HEAT SINK 

CDnfigu ration #1 

OPERATING CONDITIONS 

Eout • 9.0V TO I l.5V 

IL= 0 TO 200 mA 

UNREGULATED INPUT 

HEAT SINK 

R ADJUST 
REGULATED o-1----- OUTPUT 

Configuration #3 

OPERATING CONDITIONS 

Eout • 25V TO 40V 

IL= 0 TO 100 mA • 
(2803) rt<~-, 

'65 
(2802) 

Eour = 24 ± 0.5V 
TERMINALS 2 AND 3 
ARE NOT USED 

RADJ = CXl 

-= REGULATED 
OUTPUT 

Configuration #5 

OPERATING CONDITIONS 

Eout • 12.5V TO 25V 

IL• 0 TO 100 mA 

HEAT SINK 

UNREGULATED INPUT 

OPERATING CONDITIONS 

Eour= 4.5V TO 12V 

IL =O TO 100 mA 

E1N = IOV TO 30V 

Configuration #2 

2K 

R ADJUST 

RADJ 
(IKn FOR 

= Eo =5V) 

REGULATED OUTPUT 

1.3K 

UNREGULATED INPUT 

Configuration #4 

OPERATING CONDITIONS 

Eout= 12.5V TO 25V 

IL• 0 TO 2 AMP 

UNREGULATED INPUT 

Configuration #6 



OPERATING CONDITIONS 

Eout = 25V TO 40V 

IL• 0 T02 AMP 

UNREGULATED INPUT 

Configuration #7 

OPERATING CONDITIONS 

Eour • 12.5 TO 25V 
E IN -Eour (MAX) • 8.0V 
IL •0 TO 100 mA 

(NOTE: NO HEAT 

OPERATING CONDITIONS 

Eour • 12 :!: .5V 
IL • 0 TO 100 mA 

(NOTE: NO HEAT SINK 
REQUIRED) 

FREE AIR 

1 10,.Lf 

51 ':' 

UNREGULATED INPUT Rs= \ C2~o;i""' 
---...,._2_.n_. •--".,'/·.,~~ IN4019 

51 (2803) 

OPERATING CONDITIONS 

Eour = 12 :1: .5V 

Configuration #8 

SINK REQUIRED) FREE AIR 

IL • 0 TO 100 mA 
GERMANIUM DIODE USED 
TO STABILIZE SERIES 
LIMITING CURRENT 

UNREGULATED INPUT 

OPERATING CONDITIONS 

Eour•12:t.5V 
E1N-Eour. 8 ov (MAX) 
IL• 0 TO 100 mA 

(NOTE: NO HEAT 
SINK REQUIRED) 

UNREGULATED 
INPUT 

Configuration #11 

Configuration #9 

FREE AIR 

WITH TEMPERATURE 

R ADJUST 

-= REGULATED OUTPUT 

---1N91 I :1. 
-¥-

(2802) ~ (2803) 
Rs•5.n ~·5 

? ____ J UNREGULATED INPUT 

Configuration #10 

100% PROCESSING 

TEST NO. 
MIL-STD-750 EXAMINATION 

CONDi:rlONS REF. PARA. OR TEST 
1 Fine Hermetic Seal Test 10-• cc/Sec (Max) 

(Helium) 

2 High Temperature 150°C for 60 hrs. 
Stabilization (Min) 

3 1051 Cond. C Temperature Cycling 5 cycles -65°C to 
+150°c 

4 2006 Constant Acceleration 10,000 g (Minimum) 
Y1 Axis only 

5 Gross Hermetic Seal 70 psig, 15 Minutes 
Leak Test (High 
Pressure) (Alcohol 
and water) 

6 Electrical Functional See Test Config-
Test urations 

~ AMELCO SEMICONDUCTOR • A TELEDYNE COMPANY • 1300 Terra Bella Ave.• Mountain View• Calif. 94040 • Phone (415) 968-9241 
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This MEMA (Micro-Electronic Modular Assembly) consists of dual binary elements inter­
connected to be used as a 16 or 20 Bit serial or parallel Shift Register. Two operating 
temperature ranges are available, for each configuration. 

~Bo----e---< 

& Do-----1 

£t7~ 
+sv·o----­
GRDo---- &£&.~~~~£ 
NOTES' I. ALL PIN NUMBERS ARE WITHIN TRIANGLES. 

2. 5552-16 BIT REGISTER- USE BITS I THRU 16. 
3. SINGLE PHASE OPERATION' INPUT AT A IS JA AND TIE C TO D. 
4. TWO PHASE OPERATION' INPUT AT A IS ii AND INPUT AT D IS tlB. 
5. DATA SHIFT OCCURS WHEN fJA IS LOW AND 118 IS HIGH. 
6. REGISTER WILL BE RESET BY PROPAGATING STATE OF BIT I THROUGH REGISTER WHENtJA AND tlB ARE HIGH. 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Operating Temperature 

Maximum Input Voltage 

Operating Voltage (Vcc 1) 

Operating Voltage <Vcczl 

Printed in U.S.A. 

5551BM 
5552BM 

-65°C to +150°C 

-55°C to +125°C 

6.8V 

4.5Vto5.5V 

6.5Vto 7.5V 

5551CM 
5552CM 

-65°C to +150°C 

o•c to 1o•c 
6.8V 

4.75 V to 5.25 V 

6.75 V to 7.25 V 

f.090 
MAX 

JANUARY 1968 

5551 
5552 

MEMA (M) PACKAGE 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

8101 

5551BM 

\\\__Package 
Temp. Range 
Circuit 



ELECTRICAL SPECIFICATIONS @ Vcc1 = 5.0 V, Vcc2 = 7.0 V Over Operating Temperature Range 

PARAMETER SYMBOL TEST CONDITIONS P/N 5551 P/N 5552 UNITS 
Number of Bits 20 16 

Vcc 1 Supply Current lvcc1 60 50 mA max. 
Vcc2 Supply Current lvcc2 30 25 

Clock Rate fc 1.0 MHz max. 

Clock Width tc 200 nsec min. 

Output Voltage "Zero" VoL loL Applied (Sink) 0.35 Volts max. 

Output Current "Zero" loL 
Data Outputs 1.5 mAmax. 
Clock Outputs 1.0 ~ 

Output Voltage "One" VoH Hi Temp. Limit Only 2.0 Volts min. 
Data Outp.uts Low Temp. Limit Only 2.5 
Clock Outputs (C or E) 3.5 

Input Current "Zero" linl 
Clock Input (A or D) Input Grounded 1.0 mAmax. 
Reset (B) 2.0 
Data Inputs 1.0 

Input Current "One" linH 
Clock Input (A or D) vinH Applied 30 µA max. 
Reset (B) 60 
Data Inputs 30 

Minimum Voltage "One" VinH Hi Temp. Limit Only 1.5 Volts max. 
Low Temp. Limit Only 2.0 

Maximum Voltage "Zero" VinHL 0.7 Volts max. 

a+ 

IOK IOK 

A 

Jn 

BK 

GNO 

a+ 

IOK IOK 

BK 
B 

l&K 

GNO 

Dual Shift Register 

....,... AMELCO SEMICONDUCTOR •·A TELEDYNE COMPANY • 1300 Terra Bella Ave.• Mountain View• Calif. 94()4() • Phone (415) 968-9241 
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This MEMA (Micro Electronic Modular Assembly) is a sixteen (16) Bit Ripple Counter. A 
common direct reset and individual set inputs are provided. Three choices of maximum 
counting rate and power dissipation are provided by employing the 579, 539, or 509 
Master-Slave Flip Flops from the 500 Series T'L Logic Family. A fourth choice uses two 
579's, two 539's and twelve 509 Master-Slave Flip Flops to accomplish maximum input rate 
with minimum power dissipation. Two operating temperature ranges are available for each 
power level. 

£~ && &£ 
OUTl5 5015 OUTl4 5014 OUTl3 5013 OUTl2 5012 OUTll SOii 

&•svo---­
~ GNO o--- SO I OUTI 

&. A 
504 OUT4 

A£ 
NOTE• 

I. ALL PIN NUMBERS ARE WITHIN TRIANGLES. 

ABSOLUTE MAXIMUM RATINGS 

5598BM 
5605BM 
5625BM 
5645BM 

Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to + 125°C 

Maximum Voltage 6.BV 

Operating Voltage 4.5 Vto 5.5 V 

Printed in U.S.A. 

OUTIO SO 10 ·OUT 9 SO 9 

507 0UT7 
it,. ~ 

5598CM 
5605CM 
5625CM 
5645CM 

-65°C to +150°C 

0°c to 70°C 

6.BV 

4.75 V to 5.25 V 

cure 
& 

JANUARY 1968 

5598 
5605 
5625 
5645 

MEMA (M) PACKAGE 

==-======----.1~ l.o90 L 
MAX 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

8102 

5605BM 

\'-Package 
\-.:Temp. Range 

Circuit 



ELECTRICAL SPECIFICATIONS at Vee= 5.0 v Over Operating Temperature Range 

PARAMETER SYMBOL TEST CONDITIONS 5598 5605 5625 5645 UNITS 
Counting Rate Fe 5.0 0.3 1.5 5.0 MHz max. 

Propagation Time 16 Bits TP 8.0 10 2.4 1.0 µsec Typ. 

Power Supply Current lvce 60 36 110 180 mAmax. 

Output Voltage "Zero" VOL loL applied (sink) 0.3 0.3 0.35 0.35 Volts max. 

Output Current "Zero" loL Bits 1-2 3-4 5-16 1.2 1.8 10.5 mAmin. 
9.0 1.8 1.2 

Output Voltage "One" VoH No external load 4.4 4.4 4.4 4.4 4.4 4.4 Volts min. 

Output Current "One" IA Output Voltage = VinH 600 100 50 50 100 600 µAmin. 

Input Current "Zero" 
Clock/Set Input linl 3.0 1.8 0.35 0.35 1.8 3.0 mAmax. 
Reset Input 15 15 15 6.0 22 36 

Input Current "One" 
Clock/Set Input linH i Input Voltage = VinH 120 60 8.0 8.0 60 120 µAmax. 
Reset Input 400 400 400 100 750 1500 

Minimum Voltage "One" VinH 2.0 2.0 2.0 2.0 Volts min. 

Maximum Voltage "Zero" vinl 0.6 0.6 0.7 0.7 Volts max. 

~ AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 •Phone (415) 968-9241 
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This MEMA (Microelectronic Modular Assembly) can be used as a reversible synchronous 
counter. Operation as a four (4) bit binary or a decade counter can be achieved by two (2) 
external pin connections. Both "one" and "zero" outputs and direct set and reset inputs 
of each bit are provided. The counter state changes when the clock input changes from 
"one" to "zero" and either the up or down input is in the "zero" state. Three (3) choices of 
maximum counting rate and power levels, plus two (2) choices of operating temperature 
range are available. 

~t-+-~~~~-+~t-+-~t---~~~-+~+-+-+-+-t---~~~~~t--+-+~~-+-~ nt, 

+5V~ TOALLCUPS 

~ TO ALL CLIPS 

NOTE· I. ALL PIN NUMBERS ARE WITHIN TRIANGLES. 

DOWN 
4ourPUT 

I 

soe£~&oo· soc£&c soo&.£0 I 
"L---------------~---J 

ABSOLUTE MAXIMUM RATINGS 
5603BM 
5623BM 
5643BM 

5603CM 
5623CM 
5643CM 

Storage Temperature -65°C to +150°C -65°C to +150°C 

Operating Temperature -55°C to +125°C 0°Cto 70°C 

Maximum Voltage 6.BV 6.BV 

Operating Voltage 4.5 Vto 5.5 V 4.75 V to 5.25 V 

Printed in U.S.A. 

JANUARY 1968 

5603 
5623 
5643 

MEMA (M) PACKAGE 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

5603BM 

8401 

\ lPackage 
L Temp. Range 

Circuit 



ELECTRICAL SPECIFICATIONS at Vee= 5.0 v Over Operating Temperature Range 

MEMA TYPE 5603 5623 5643 
·--

PARAMETER SYMBOL TEST CONDITIONS UNITS 
Counting Rate fe 0.2 1.0 3.0 MHz max. 

Powe.r Supply Current lvee 14 36 72 mA max. 

Output Voltage "Zero" VoL loL applied (sink) 0.3 0.35 0.35 Volts max. 

Output Current "Zero" 
Up/Down Outputs loL With decade or binary 2.4 2.4 4.5 mAmln. 
Counter Outputs connections made 0.7 1.8 9.0 

Output Voltage "One" VoH 4.4 4.4 4.4 Volts min. 

Output Current "One" 
Up/Down Outputs IA VinH applied to output 100 100 200 µAmin. 
Counter Outputs 50 100 600 \ 

Input Current "Zero" 
Set/Reset Inputs linl Input grounded 0.35 1.8 3.0 mA max. 
Up/Down Inputs 0.35 1.4 3.0 
Clock Input 1.4 8.4 12 

Input Current "One" 
Set/Reset Inputs linH VinH applied to input 6.0 60 120 µAmax. 
Up/Down Inputs 6.0 12 40 
Clock Input 36 90 240 

Minimum Voltage "One" VinH 2.0 2.0 2.0 Volts min. 

Maximum Voltage "Zero" vinl 0.6 0.7 0.7 Volts max. 

"""" AMELCO SEMICONDUCTOR• A TELEDYNE COMPANY• 1300 Terra Bella Ave.• Mountain View• Calif. 94040 •Phone (415) 968-9241 



This MEMA (Micro Electronic Modular Assembly) contains all the rf circuitry for a 1 watt, 
500 MHz power amplifier. The input and output terminals are matched to 50!2 microstrip 
transmission line. Gain is typically 7 db. Since the amplifier performs well with input signals 
between 30 and 200 milliwatts, it is suitable as a driver for itself in a two stage system. 

The MEMA is a hermetic package utilizing the highest quality metal to ceramic sealing 
techniques. The transistor is wired directly to the microstrip matching circuit thereby mini-
mizing spurious effects. · 

TRANSMISSION LINES 

----11-(----0(26/29) 

(7,12,0-----.... ----.... ----... -----t 
FLANGE) 

i----I---~o(25;30, 
FLANGE) 

CASE 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Operating Temperature 
Maximum Dissipation 

@Tc=25°C 
Dissipation Derating from 25°C Case -

Maximum Supply Voltage 
Maximum Current 
Output Load Max. VSWR at Full Power 

Printed in U.S.A. 

(34) 
POSITIVE 
SUPPLY 

-65°C to +150° 
-55°C to +125°C 

2.5W 
15 mW/"C 
40V 
130mA 
3.0 

JANUARY 1968 

5670BM 

(M) PACKAGE 

7 25 
8 26 

27 
10 28 
II 29 
12 30 

34 

*INTERNALLY CONNECTED 

Complete part number desig­
nation consists of four digits 
and two letters, for example: 

8402 



ELECTRICAL SPECIFICATIONS AT 25"C CASE TEMPERATURE 
PARAMETER TEST CONDITIONS 
RF Power Input Vs= 28V 

P0 =1W 
f = 500MHz 

Input VSWR Same as Above 

Efficiency Same as Above 

Max. Change in Incident VSWR= "f.D 
Power Output for Mismatched VSWP. = 'f.5 

Load as a Percent of VSWR = 2.0 
Power Output with VSWR =3.0 
Matched Load Worst Case Phase 

V5 = 25 V 
P0 = 0.75W 

f= 500MHz 

INCIDENT RF POWER (mW) 
3.oo----.....-....-.................. _. ...... ..,......,.... ....... ...-... 

MEMA402-04 ~ 

t-+1--1--1--+---t-+- INPUT STANDING WAVE I-! 
RATIO VS 

2.50 1-++--+--+--+-+--t-- INCl'OENT R.F. POWER f-1 
AND SUPPLY VOLTAGE 

t-t1---t-+--+---t-+- AT 500 MHz f-1 

f--130V 

1.00 ...._..._..._..._..._..._.._.._.._.._.._.._ ..................... 
0 100 200 300 

INCIDENT R.F. POWER (MILLIWATTS) 

MIN. TYP. MAX. UNITS 
250 mW 

2.0 raffo 

35 o/o 

±0 o/o 
±5.0 
±9.0 
±13 

' 

INCIDENT RF POWER 
1soo----....-....-....-...-...-...-............. ...-...-...-... 

MEMA 402-04 
~ t- R.F. POWER OUTPUT 

~ f-1 INCIDEN~SR.F. POWER 
~ .,......., AND SUPPLY VOLTAGE_v_Flg_e"'-vi--1--1--+--I 

~ IOOO AT 500 MHz V 
~ 
~ V yizoJ 
~ lLV1 
~· [Ll/ _15v 

l 

w .L~ vr 
~ 50ql--l---l.---+---.V1~1.Ll'-l-~---+--+---l-...._ __ .i---<---i.-1 

W -+- -1ov 

0 IOO 200 300 
INCIDENT R.F. POWER (MILLIWA'fTS) 

SUGGESTED MOUNTING 

...,.... AM ELCO SEMICONDUCTOR •A TELEDYNE COMPANY• 1300 Terra Bella Ave. •'Mountain·View • Calif. 94040 • Phone (41Sj· 968~9241 
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