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When the chips are down, an integrated circuits are listed
applications-oriented semicon- by key parameters. You also
ductor directory is your best learn who-makes-what in diodes,
bet for optimum device selec- SCRs and rectifiers. Articles
tion. Bipolars, FETs, UJTs and show design basics, trade-offs.
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FEATURES:
LoW ! POWErArain, = i «w o5 550k s a6 0 58 v e less than TmW/gate (typ.) @ 50% duty cycle
less than 4mW/clocked flip-flop
Single power supply requirement ... ......... 5V optimum, 4.5V to 5.5V range
Guaranteed noise immunity ................. 450mV min. at temperature extremes
Logic propagationdelays ................... 60nsec. typical
BINary ClOCKTate: . . i« v v v i cvvieoom s wmimin s s s 2.5Mc
Full temperaturerange ..................... —55°C to +125°C

LPDTuL LOW POWER DIODE-TRANSISTOR MICROLOGIC™ CIRCUITS

Fairchild LPDTuL integrated circuits offer high performance in the low milliwatt range. High
resistance values and small chip geometry hold down power consumption. The flip-flop
element operates either in the R-S or J-K mode, with maximum dissipation of 6mW at a
2Mc toggle rate. Gates provide fan-out capability of 10 LPDT.L low power logic unit loads,
or one standard Fairchild DT.L diode-transistor logic unit load. (Standard Fairchild DT.L
logic circuits can be used to extend the fan-out capability still further). The circuits come in
Fairchild’s Cerpak flat package, and can be used in satellites, battery-operated field equip-
ment, or other instruments where reliability and high per- T e e ST e e o
formance must be achieved with limited power. Fairchild

LPDTuL low power integrated circuits Zre available in FA ' Rc H I l—D
evaluation quantities from distributors. For complete [ GGG
information write to: SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 ® TWX: 910-379-6435
Micrologic is Fairchild's trademark for integrated circuits.
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ELECTRONIC DESIGN'S
SEMICONDUCTOR DIRECTORY
1966

Mark B. Leeds,
Rene Colen
Technical Editors

Here is the industry’s only complete applications-oriented semiconductor direc-
tory. Combining ELECTRONIC DESIGN’s fourteenth annual transistor data chart
and third annual microelectronics data chart with a who-makes-what diode
guide, the directory gives you in one package:

= All the device information you need to pinpoint solid-state design needs—Ilist-
ed according to major design parameters.

m Technical articles explaining how to use the specifications, major application
areas and the governing design parameters.

= Convenient Reader-Service Card (good for a full year) to order detailed de-
vice specifications direct from the manufacturer.

Transistors are classified according to seven application categories: Audio and
General-Purpose, High-Frequency, Power, Low-Level Switching, High-Level
Switching, Unijunction and Field-Effect. Within each category, types are arranged
in order of improving values of a kéy design parameter. This listing method per-
mits rapid identification of close substitutes, because device specifications can be
compared at a glance. The manufacturer listed in the “Mfr.” column is the origi-
nal registrant of the type for which data are supplied. Alternate suppliers are
listed in the “Remarks’” column. .

The diode chart provides a fast guide to the manufacturers who make the spe-
cific type of diode you need.

Microelectronic devices are divided into two major categories: Digital and
Linear. Within these categories the devices are listed by logic type, in the case
of digital circuits, and by application, in the case of linear circuits.

Cross-indexes for both transistors and microcircuits simplify the job of finding
the specific device when the type number is known.

Keep your semiconductor data up-to-date by doing the following:

Step 1: Obtain specification sheets and other data, by finding the appropriate
numbers on the manufacturers’ literature list (pp. 4-9) and circling them on the
Reader-Service Card.

Step 2: Get your own copy of the 1966 Semiconductor Directory by circling
Reader-Service No. 500.
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Looks are deceiving...

apacitance
aT?
se!

Meet the XTX...a totally new tan-
talum capacitor with unmatched vol-
umetric efficiency. A capacitor which
offers twice the capacitance value of the
CL65—yet retains CL65 case sizes! Voltage
range is widest, too: from 6 all the way to 100.

The inside story? Dependability. CDE’s exclu-
sive seal construction virtually eliminates the
possibility of electrolytic leakage. Rugged internal
construction makes the XTX incredibly shock and vibra-
tion-resistant. It is, in fact, an advanced product...one
just right for computer circuitry, copy machines and many
other applications.

CDE’s new XTX capacitor: just another example of doing the
job just a little better.

CALL YOUR CDE AUTHORIZED INDUSTRIAL DISTRIBUTOR.

CORNELL
CDE M

it
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The cover photo, courtesy of Fairchild Semiconductor, Mountain
View, Calif., shows a number of popular solid-state devices. At the
upper right is part of an SCR (2N4319 type); resting on the left
portion of the SCR structure is a FET (F1100 type); in the center
foreground is a 2N1724 power transistor with an isolated collector;
to its left, a hybrid flip-flop (SH2300 type); slightly above and to
the right of the flip-flop is a ©wA709 monolithic operational ampli-
fier; at the extreme upper left is part of a dual-bipolar unit
(2N2060 type).

ELECTRONIC DESIGN is published bi-weekly by Hayden Publishing Company, Inc., 850 Third Avenue, New York, N. Y.,
10022. James S. Mulholland, Jr., President. Printed at Poole Bros., Inc., Chicago, Ill. Controlled-circulation postage
paid at Chicago, lll., and New York, N. Y. Copyright © 1966, Hayden Publishing Company, Inc., 61,114 copies this issue.
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List of Manufacturers
and their literature offerings

Bring your semiconductor data file up to date. Use the Reader-
Service card to obtain data sheets, catalogs, application notes and
other useful information. Consult dot charts (Transistors: p. 21,
Diodes/Rectifiers: p. 164, and Microelectronics: p. 179, 182, 188) to
learn who makes what in each device category. Starred (*) listings
mean requests for literature and data sheets must go directly to the

manufacturers.
- w - 8
Type of Bleles Type of % |8 |eE
Code Company Information g 2L % Code Company Information o = P %
Offered = 2 Offered = | - <
Airtron Div., Litton Industries Data shearsd 201 BE SBentt:]ixstSemiconductor Div. Catalogs. Design aids. | 212 | 213
200 E. Hanover Ave. Article reprints. AL TNIOL:
: § Holmdel, N.J. 07733
Morris Plains, N.J. 07950 201) 747-5400
(201) 539-5500 i bl
Alpha Industries Data sheets. Catalogs. 202 ?;;d‘;’eylrtSen;itconductor Corp. Data sheets. 24
381 Elliot St. Customer applications AT
) New Haven, Conn. 06506
Newton Upper Falls, Mass. 02164 | service. 203) 787-7181
(617) 969-5310 (203) 787-
AL Amelco Semiconductor Short form catalog. 203 204 BU Burrough's Corp. g Dat? §heets. 25 | 216
Electronic Components Div. Facilities brochure.
1300 Terra Bella Ave. P.0. Box 1226
Mountain View, Calif. 94042 e 0
(415) 968-9241 - Plainfield, N.J. 07061
(201) 757-5000
American Electronic Data sheets. Catalogs. 205 =
Laboratories Inc. Article reprints. o gBi l;l(;oratones ) :
P.0. Box 552 Customer applications Stlg f 'dgg Road
Lansdale, Pa. 19446 service. 285" 03r25; 4;;{'
(215) 822-2929 i ais
American Semiconductor Corp. Data sheets. Catalogs. 206 SR Electr(?nics P, i bR i
3 Tung-Sol Electric Inc.
4 N. Hickory Ave.
: : 630 W. Mt. Pleasant Ave.
Arlington Heights, I11. 60004 s
(312) 392-8830 Livingston, N.J. 07039
(201) 992-1100
AMP | Amperex Electronic Corp. Data sheets. Catalogs. | 207 | 208 | 209 >
Providence Pike Application notes. Smll;!)tl:tg .D'Ode Corp. Data sheets. 218
Slatersville, R.1. 02876 Customer applications ngrILawrrlvT\lJ 07410
(401) 762-9000 service. Design aids. (201) 797-3900
Atlantic Semiconductor Inc. Data sheets. Catalogs. 210 5
905 Mattison Ave. Data manuals. ggg;'g Is.aboratones Catalogs. a9
Asbury Park, N.J. 07712 b one
(201) 775-1827 Lincoln, Neb. 68501
(402) 488-0432
Bell, F. W., Inc. Data sheets. 211 ; ;
1;56 Notton RS X v CDC | Continental Device Corp. Data sheets..Catalogs. | 220 | 221
g 12515 Chadron St. Article reprints.
Columbus, Ohio 43212 :
(614) 294-4906 Hawthorne, Calif. 90250
(213) 772-4551
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Type of Bl aila= Type of - e g
Code Company Information 218 |2 % Code Company Information ] S e
Offered (= < Offered 3 Rt o %
CT | Crystalonics Inc. Short form catalog. 222 | 223 GE | General Electric Co. Data sheets. Catalogs. | 242 | 243 | 244
147 Sherman St. Semiconductor Products Dept. Application notes.
Cambridge, Mass. 02140 Bldg. 7, Electronics Park Article reprints.
(617) 491-1670 Syracuse, N.Y.
DE | Delco Radio Div., Short form catalog. | 224 | 225 L
General Motors Corp. Gl General Instrument Corp. Data sheets. Catalogs. | 245 | 246 | 247
700 E. Firmin St. Technical Service Center
Kokomo, Ind. 46901 600 W. John St.
(317) 457-8461 Hicksville, N.Y. 11802
(516) 681-8000
Delta Semiconductors Inc. Data sheets. Catalogs. 226
879 W. 16th St. GME | General Micro-electronics Inc. Catalogs. 248 249
Newport Beach, Calif. 92660 2920 San Ysidro Way
(714) 646-3286 Santa Clara, Calif. 95051
R (408) 245-2966
DIC | Dickson Electronics Corp. Data sheets. Catalogs. | 227 | 228
P.0. Box 1387 Application notes. General Semiconductors, Inc. Data sheets. Catalogs. 250
Scottsdale, Ariz. 85252 Article reprints. 230 W. 5th St. Data manuals.
(602) 947-5751 Customer applications Tempe, Ariz. 85281 Customer applications
service. (682) 966-7263 service.
Diodes Incorporated Data sheets. Catalogs. 229 Green Rectifier Corp. *
20235 Nordhoff 1-10 30 St.
Chatsworth, Calif. 91311 Fairlawn, N.J. 07411
(213) 341-4850 (201) 797-8100
Eastern Delta Corp. Data sheets. 230 HP Associates Data sheets. 252
29-09 Broadway 620 Page Mill Road Application notes.
Fairlawn, N.J. 07411 Palo Alto, Calif. 94304
(201) 797-4200 (415) 321-8510
Eastron Corp. Data sheets. Catalogs. 231 Heliotek Div., *
25 Locust St. Application notes. Textron Electronics Inc.
Haverhill, Mass. 01830 12500 Gladstone Ave.
(617) 373-3824 Sylmar, Calif. 91342
: (213) 365-6301
Edal Industries Data sheets. Catalogs. 232
4 Short Beach Road Article reprints. HOF | Hoffman Electronics Corp. Data sheets. Catalogs. | 254 | 255 | 256
East Haven, Conn. 06512 Customer applications Semiconductor Div. Application notes.
(203) 467-2591 service. Design aids. Hoffman Electronic Park Article reprints.
El Monte, Calif. 91734
Edgerton, Germeshausen & Data sheets. 233 (213) 686-0123
Grier, Inc. Application notes.
160 Brookline Ave. HU Hughes Aircraft Co. Data sheets. 257 | 258 | 259
Boston, Mass. 02215 Microelectronics Div. Application notes.
(617) 267-9700 500 Superior Ave.
Newport Beach, Calif. 92663
Electro-Optical Systems Inc. * (714) 548-0671
255 N. Halstead
Pasadena, Calif. 91107 Hunt Electronics Co. .
(213) 449-1230 2617 Andjon
T Dallas, Tex. 75220
Electronic Devices Inc. Data sheets. 235 (214) 352-8421
21 Gray Oaks Ave.
Yonkers, N.Y. 10710 ITT | ITT Semiconductors Catalogs. 260 | 261 | 262
(914) 965-4400 3301 Electronics Way
ETC | Electronic Transistors Corp. | Data sheets. Catalogs. | 236 x%?) zi'zmzz?f e e e
153-13 Northern Blvd.
Flushing, N.Y. 11354 IND | Industro Transistor Corp. *
(212) 539-6700 35-10 36th Ave.
Erie Technological Products Catalogs. 237 (Lzolnzg) ;zlzarg%&; sl
Inc. Application notes.
644 W. 12th St. Instrument Systems Corp. Data sheets. 264
Erie, Pa. 16512 770 Park Ave.
(814) 456-8592 Huntington, N.Y.
S 5 (516) 423-6200
FA Fairchild Semiconductor Data sheets. Catalogs. | 238 | 239 | 240
313 Fairchild Drive Application notes. IN Intellux, Inc. Data sheets. Catalogs. 265

Mountain View, Calif. 94040
(415) 962-5011

-Article reprints.

Customer applications
service.

Fansteel Metallurgical Corp.
Number One Tantalum Place
North Chicago, I1I. 60064
(312) 336-4900

26 Coromar Dr.
Goleta, Calif. 93017
(805) 968-3541

Application notes.
Article reprints.

Data manuals.
Customer applications

service. Design aids.

International Diode Corp.
90 Forrest St.

Jersey City, N.J. 07304
(201) 432-7151
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Type of Z|eles Type of Ele st
Code Company Information z|g |2 E Code Company Information 2 | 2 |28
Offered P = Offered = e _§
IEC | International Electronics Corp. Data sheets. Catalogs. | 267 | 268 National Electronics Inc. Data sheets. 284
316 South Service Road Customer applications Geneva, |11, 60134
Melville, L.I., N.Y. 11749 service. (312) 232-4300
(516) 694-7700
NA National Semiconductor Corp. * «
International Rectifier Corp. Data sheets. Catalogs. 269 Commerce Road
233 Kansas St. Application notes. Danbury, Conn.
El Segundo, Calif. 90245 Article reprints. (203) 744-0060
(213) 678-6281 Customer applications : i 1
service. Design aids. NOR | Norden Div., United Aircraft Com. | Data sheets. Catalogs. 285
- - Helen St. Application notes.
IRC Inc., Semiconductor Div. Data sheets. Catalogs. 210 Norwalk, Conn. 06856 Atticle reprints.
71 Linden St. Customer applications (203) 838-4471 Customer applications
W. Lynn, Mass. 01905 service. service.
(617) 598-4800
NUC | Nucleonic Products Co., Inc. Data sheets. 286 | 287
KMC | KMC Semiconductor Corp. Data sheets. Catalogs. | 271 | 272 Components and Devices Div.
Parker Road Application notes. 3133 E. 12th St.
Long Valley, N.J. 07853 Article reprints. Los Angeles, Calif. 90023
(201) 876-3811 Customer applications (213) 968-3464
g Ohmite Manufacturing Co. >
KSC | KSC Semiconductor Corp. * 3601 Howard St.
437 Cherry St. Skokie, 111, 60076
West Newton, Mass. (312) 675-2600
Sl ik PR Philbrick Researches, Inc. Data sheets. Catalogs. 288
Korad Corp. * Allied Drive at Route 128 Application notes.
2520 Colorado Ave. Dedham, Mass. 02026 Article reprints.
Santa Monica, Calif. 90404 (617) 329-1600 Data manuals.
(213) 393-6737 Customer applications
service.
LAN | Lansdale Transistor & *
Electronics Inc. PH Philco Corp. Data sheets. 289 | 290 | 291
1111 N. Broad St. Church Road Short form catalogs.
Lansdale, Pa. 19446 Lansdale, Pa. 19446 Application notes.
(215) 855-9004 (215) 855-4681 Article reprints.
Design aids.
Ledex, Inc. Catalogs. 214
123 Webster St. Power Components, Inc. Data sheets. Catalogs. 292
Dayton, Ohio 45402 P.0. Box 421 Application notes.
(513) 224-9891 Scottdale, Pa. 15683 Customer applications
(412) 887-6600 service. Design aids.
MSI Electronics Inc. Data sheets. Catalogs. 275
116-06 Myrtle Ave. RAD | Radiation Inc. Data sheets. 293 | 294
Richmond Hill, N.Y. P.0. Box 37
(212) 441-6420 Melbourne, Fla. 32901
: (305) 723-1511
Mallory Semiconductor Co. Data sheets. Catalogs. 276
424 S. Madison St. Application notes. RCA | Radio Corp. of America Catalogs. 295 | 296
DuQuoin, I11. 62832 Article reprints. Electronic Components & Devices
(618) 542-2154 Data manuals. 415 8. Fifth St.
Customer applications Harrison, N.J. 07029
service. Design aids. (201) 485-3900
MEP | Mepco, Inc. Data sheets. 217 RA | Raytheon Co. - Ve O B
Columbia Road Semiconductor Operation
Morristown, N.J. 07960 350 Ellis St.
(201) 539-2000 Mountain View, Cal. 94041
- (415) 968-9211
MicroSemiconductor Corp. Data sheets. Catalogs. 278
11250 Playa Court Application notes. Rectico Inc. Catalogs. 297
Culver City, Cal. 90230 Atticle reprints. 20 Village Park Road
(213) 391-8271 Customer applications Cedar Grove, N.J. 07009
service. Design aids. (201) 239-6464
Micro State Electronics Corp. Data sheets. Catalogs. 219 Saratoga Semiconductor Div. Data sheets. 298
Subsidiary of Raytheon Co. Application notes. Espey Mfg. Corp.
152 Floral Ave. Article reprints. P.0. Box 422
Murray Hill, N.J. 07971 Saratoga Springs, N.Y.
(201) 464-3000 (518) 584-4100
Microwave Associates Data sheets. 280 Sarkes Tarzian, Inc. Data sheets. Catalogs. 299
Northwest Industrial Park 415 N. College Ave. Application notes.
Burlington, Mass. 01803 Bloomington, Ind. 47401 Data manuals.
(617) 272-3000 (812) 332-1435 Customer applications
service. Design aids.
MO | Motorola Semiconductor Data sheets. 281 | 282 | 283
Products, Inc. Short form catalogs. Schauer Mfg. Corp. Catalogs. Application 300
5005 E. McDowell Road Application notes. 4500 Alpine Ave. notes. Price lists.
Phoenix, Ariz. 85008 Cincinnati, Ohio 45242
(602) 273-6900 (513) 791-3030
6 ELECTRONIC DESIGN



Show us where you can't
afford to use silicon power
and well show you the

new Bendix B-5000.(

New manufacturing and packaging tech-
niques make the B-5000 possible. These
techniques include new internal device
element assembly, along with new-concept
plastic molding operations. The result is
a simple, low-cost, reliable silicon power
transistor with no power compromise when
mounted upon the normal heat sink.

B-5000’s low cost opens up whole new
application areas for you. Now you can
afford to put silicon power to work in
many industrial and consumer products.
Lighting equipment, TV sets, audio am-
plifiers, appliance sensing amplifiers and
industrial controls, to mention a few.
Compare the cost of the Bendix® B-5000
with any other silicon power unit of equal
rating. You’ll discover significant savings.

Bendix Semiconductor Division

May 17, 1966

¥ costs uhider 40¢

B-5000 offers advances in size, weight and
thermal resistance. Leads and collector
strips are a highly conductive material,
offering excellent solderability, strength
and ability to withstand flex and pull.
Plastic encapsulant offers outstanding in-
sulation resistance, hermeticity, adhesion
ability and high temperature characteris-
tics. In no way does B-5000 compromise
traditionally accepted reliability practices.

With B-5000 you can tailor mounting tech-
niques to fit your needs exactly. Depending
on heat sink, available space and degree
of assembly line mechanization, B-5000
can be mounted in the fashion best suited
to your operation. For example, B-5000
is readily adaptable to the newer assembly
solder techniques without degradation.

ON READER-SERVICE CARD CIRCLE 4

25 watts at 2.5 amps,
10 volts and 100 C.

B-5000 lends itself equally well to other
commonly used production line
techniques.

Electrical specifications

Charac- Limits Test Conditions

teristic i VCB|VCE( IC | 1B | TJ
Min.| Max.| Unit Cedbrl B S

VCEO L I B 0.2

ICEQ —| 10 [ mA 25

1CBO —| 15(mA |14 150

VBE —| 12|V 14 |05

hFE 30| 250 | — 14 |05

hFE 20 - |- 14 [ 1.0

VCEG) | —|12)|V 10| 50

Absolute maximum ratings

VCEO =35 volts, IC=3 amps, IB=1 amp, Tstg=—65 to
175°C, TJ=—65 to 150°C.

For complete information about the new
Bendix B-5000 silicon power transistor,

write to us in Holmdel, New Jersey.
*In volume quantities

THE

(A
endl,
HOLMDEL, NEW JERSEY CORPORATION
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Type of Elsglas Type of 2 |e et
Code Company Information E 2|2 % Code Company Information 2|8 |2 £
Offered = = Offered = <
Semcor Div., Components Inc. Data sheets. Catalogs. 301 W Stewart-Warner Microcircuits Data sheets. Catalogs. 322
3540 W. Osborn Road Inc. Application notes.
Phoenix, Ariz. 85019 730 E. Evelyn Ave. Article reprints.
(602) 272-1341 Sunnyvale, Calif. 94086 Customer applications
> (408) 245-9200 service.
Semicon Inc. Data sheets. Catalogs. 302
Sweetwater Ave. SY Sylvania Electric Prod. Data sheets. Catalogs. | 323 | 324 | 325
Bedford, Mass. 01730 100 Sylvan Road Application notes.
(617) 275-8542 Woburn, Mass. 01801 Customer applications
S ¥ (617) 933-3500 service. Design aids.
Semiconductor Devices Inc. Data sheets. Catalogs. 303
875 W. 15th St. Syntron Company Data sheets. Catalogs. 326
Newport Beach, Calif. 92663 283 Lexington Ave.
(714) 642-5100 Homer City, Pa. 15748
Semiconductor Specialists Inc. Data sheets. Catalogs. 304 Bl
5700 W. North Ave. Customer applications TRWS | TRW Semiconductors Inc. Data sheets. 327 | 328
Chicago, I11. 60639 service. 14520 Aviation Blvd. Article reprints.
(312) 622-8860 Lawndale, Calif. 90260 Short form catalog.
y (213) 679-4561
Semi-Elements Inc. Catalogs. 305
Saxonburg Blvd. Tl Texas Instruments Inc. Data sheets. Catalogs. | 329 | 330 | 331
Saxonburg, Pa. 16056 P.0. Box 5012 Application notes.
(412) 352-1548 Dallas, Tex. 75222 Customer applications
(214) 235-3111 service.
Semtech Corp. Data sheets. Catalogs. 306
652 Mitchell Road Application notes. TR | Transitron Electronic Corp. Short form catalog. 332 | 333 | 334
Newbury Park, Cal. 91320 Data manuals. 168 Albion St.
(213) 628-5392 Customer applications Wakefield, Mass. 01881
service. Design aids. (617) 245-4500
SA Siemens America Inc. Data manuals. 307 Trio Laboratories Data sheets. 335
230 Ferris Ave. 80 DuPont St. Application notes.
White Plains, N.Y. 10603 Plainview, N.Y. 11803 Customer applications
(914) 948-3434 (516) 681-0400 service.
SIG Signetics Corp. Data sheets. 308 UC | Union Carbide Electronics Data sheets. Catalogs. | 336
811 E. Arques Ave. Application notes. 365 Middlefield Road Application notes.
Sunnyvale, Calif. 94086 Article reprints. Mountain View, Calif. 94041 Customer applications
(408) 739-7700 (415) 961-3300 service. Design aids.
STC | Silicon Transistor Corp. Data sheets. Catalogs. | 309 | 310 Unitrode Corp. Data sheets. Catalogs. 337
E. Gate Blvd. Application notes. 580 Pleasant St. Data manuals.
Garden City, N.Y. Customer applications Watertown, Mass. 02172 Customer applications
(516) 742-4100 service. (617) 926-0404 service. Samples.
Test reports.
N| Siliconix Inc. Catalogs. 3 312
1140 W. Evelyn Ave. Vactec Inc. Data sheets. 338
Sunnyvale, Calif. 94086 2423 Northline Industrial Blvd.
(408) 245-1000 Maryland Heights, Mo. 63045
(314) 432-4200
Slater Electric Inc. Data sheets. Catalogs. 313
45 Sea Cliff Ave. Application notes. Varian/Bomac Div. Data sheets. Catalogs. 339
Glen Cove, N.Y. Beverly, Mass. 01915 Application notes.
(516) 671-7000 (617) 922-6000 Customer applications
service. Design aids.
Solar Systems Inc. Data sheets. Catalogs. 314
8241 N. Kimball Ave. Application notes. VAR | Varo Inc., Special Products Div. | Data sheets. Catalogs. 340 | 341
Skokie, 111. 60076 Article reprints, 2201 Walnut St. Article reprints.
(312) 676-2040 Data manuals. Garland, Tex. 75040 Design aids.
Customer applications (214) 276-6141
service.
VEC | Vector Solid State Labs. *
SSP | Solid State Products Inc. Data sheets. Catalogs. | 315 | 316 Southampton, Pa. 18966
One Pingree St. Application notes. (215) 357-7600
?2 Ilc;r)rl,7l:;s>zsghgl970 C::::;rg aoglicatons Western Semiconductors Inc. Data sheets. Catalogs. 343
2200 Fairview St. Application notes.
SOL | Solitron Devices Inc. Data sheets. 317 | 318 Santa Ana, Calif. 92704 Customer applications
1177 Blue Heron Blvd. Short form catalogs. (714) 546-2250 service. Design aids.
Riviera Beach, Fla. 33404 Data manuals. . =
(301) 848-4311 WH Westinghouse Electric Corp. Data sheets. 344
Molecular Electronics Div. Short form catalog.
SSD | Sperry Semiconductor Data sheets. Catalogs. | 319 Box 7377
380 Main Ave. Elkridge, Md. 21227
Norwalk, Conn. 06852 (301) 796-3666
(203) 847-3851 ;
WH Westinghouse Electric Corp. Data sheets. Catalogs. | 345 | 346
SPR | Sprague Electric Co. Data sheets. 320 321 Semiconductor Div. Application notes.

491 Marshall St.
North Adams, Mass. 01247
(413) 664-4411

Application notes.
Short form catalog.

Youngwood, Pa. 15697
(412) 925-7272

Article reprints.
Design aids.
Short form catalog.
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~ the price
- of systems
~ power supplies

~ Just Dropped $100

(Con Avionics Has Another New Line)

When we cut $100 from the going market price for sys-
tems power supplies, we kept all the features you need most.

For example, Con Avionics’ new line carries an uncondi- PARTIAL SPECIFICATIONS
tional five year guarantee. It has a Mean Time Between Fail- Input: 105-125 VAC, 47-63 cps
ure of 35,000 hours, calculated according to Mil Handbook Regulation: (Line and load combined) +0.05%
217. We use silicon transistors exclusively, so the units oper- Ripple: 1 mv RMS max.
ate to 75°C. They are designed and manufactured to meet Response time: 25 microseconds
specifications under the worst possible combination of Temperature Coefficient: 0.015%/°C or
operating conditions. 18 mv/°C., whichever is higher

The secret to maintaining all this quality at a low price Temperz?ture: ForC may.
lies in designing a systems power supply right from the start. 'E_Ehe entire voltage range between 5.5 vdc and
Most m(?dules used in high power systems applications are relr.l(%svdrgr:zecofvr%r;d g\otvgtrenn;)é-stlé rz%déelsan%g-
just modified lab units. Wattages from 104.5 to 816.

But when you design a supply just for systems use you
worry about things like panel space. So Con Avionics new

HS supplies are available in rack and half-rack size. You
can pack 12 volts at 20 amps into 5%” of panel height and
8” of width.

And in a system supply you design-in optimum air flow,
for both vented and forced air cabinets. Our units are self-
cooled, too.

Before you buy another power supply for a systems appli-
cation, remember that the price is now $100 lower than it
used to be. Call, write, wire or TWX Mr. Gerry Albers at
Con Avionics for all the details.

'
FULL RACK SIZE
=)
HALF RACK SIZE

CONSOLIDATED AVIONICS a pwsion o §
800 Shames Drive ® Westbury, L. I., New York = 516-ED 4-8400

ON READER-SERVICE CARD CIRCLE 5
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Select the best transistor for the job by knowing
which parameters govern for a given application. Here is
the lowdown-from dc to RF and low-level thru large signal.

Modern bipolar transistors, unlike first-genera-
tion types (devices generally numbered below
2N700), have been specifically tailored to achieve
optimum performance in certain applications. The
key to transistor selection, then, lies in under-
standing and consulting the parameters which
reflect a transistor’s suitability for any particular
application.

Here is a master chart which shows the govern-
ing parameters according to major application
categories. It embraces small- and large-signal
amplifiers, low- and high-speed low-level switch-
ing circuits, power switching networks and RF
power amplifiers. The frequency range runs from
dc to the gigahertz region.

Application categories narrow the search

Simply stated, the best transistor for an ap-
plication is one which performs the intended
function at lowest cost. Years ago, when nearly all
transistors were made by an alloy process,
differences between types could be predicted quite
readily. Compromises were inevitable; the general
trade-off was between frequency response and
power-handling ability.

For a time, the dream of a universal transistor
was entertained with the advent of mesa, planar
and annular types of transistors. But the vision
never materialized because with each technologi-
cal advance it was found that transistors tailored
to very specialized applications could be designed.
These devices enabled performance in these ap-
plications to exceed by far all prior expectations.

To narrow the search for the transistor best
suited to your application, a key parameter chart
(see table) has been developed. The chart is
applicable to the majority of available devices,
including modern ones made by mesa or passivat-
ed technologies as well as older types made by
alloy and grown processes.

The following definitions delineate the apphca—
tion categories.
= Small-signal amplifiers to 3 Mhz. These devices
handle small amounts of power, and they need

William D. Roehr, Manager, Device Characterization Sec-
tion, Applications Engineering, Motorola Semiconductor
Products Inc., Phoenix, Ariz.
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m Low-level,

only have a limited frequency response. Operation
is small-signal, that is, no large excursions of
collector current are required, although collector-
voltage swings may be large.

= Small-signal amplifiers above 30 MHz. These
devices are similar to those above but are primar-
ily intended for RF applications. There are some
differences in the significant characteristics, par-
ticularly in gain, noise and age.

= Low level, low-speed switching and large-signal
drivers. These cover switching speeds or am-
plification at frequencies below 1 MHz. They are
generally of the same type as those in the first
category, but additional specifications such as
saturation voltages and response times are needed
to define switching and large-signal performance.
high-speed switching. Devices in
this group are typified by a high f, value (> 50
MHz, generally) and a low storage time.

= Large-signal amplifiers and power switching.
Representative devices have a dissipation figure in
excess of five watts at a 25°C case temperature.

= RF power amplifiers. Devices in this category

“Why settle for second-best?”’ Pick the optimum transis-
tor type for your application by using author Roehr’s
guide to distinguishing between bipolar devices. It shows
where and why transistors can and should be used.

ELECTRONIC DESIGN



are especially designed for use as power amplifiers
and oscillators at frequencies exceeding 10 MHz.

Gain: major factor in small-signal amplifiers

In small-signal amplification to 30 MHz, the pri-
mary characteristic of the amplifier is the power
gain of the circuit. The power gain of an amplifier-
operated common-emitter with no circuit feedback
is easily determined from the transistor » parame-
ters:?!

R, ht

elysEes e e o TR

G

where R, is the load resistance, k. the small-signal
current gain (B), h,. the input admittance and h;.
the input impedance. Note that Ak is the determi-
nant of the h;.—h;e— h,.—h,, matrix where h,. is
the voltage feedback. ratio. In many cases R, <<
Noe, SO that Ak and gain may be approximated by?
hfezRL

S hie - (2)
At low frequencies, input impedance h;, may be
written as 77+ hye 7, S0 that Eq. 2 may be further
simplified to

Gk [ (3)

RL

7, + (7'/h,) :| ;
where 7, is the transistor base resistance, and 7.
the transistor dynamic emitter resistance. A
transistor stage has a power gain equal to the
product of a current gain and a voltage gain.
Parameter h;. establishes the current gain and the
resistances (primarily the R,/r. ratio) determine
the voltage gain. :

The actual amplifier design can proceed once

e \ e

This micropower switching transistor geometry is the
2N3493 device (Motorola). Featuring input and output
capacitances of 0.7 pF, the transistor itself is in the
rectangular-shaped overlap area between the circles.
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the h parameters as a function of the operating
point and some data on their inter-relationships
are known. This information is usually found on
the curves of a transistor data sheet.

Frequency response: a figure of merit

Second in importance only to gain in small-
signal amplifiers is the frequency response. Here
the gain-bandwidth frequency (fr) 1is of prime
interest.? It serves as a very useful figure of
merit.

To calculate circuit cutoff-frequency, the capac-
itance from base to collector (C,) must also be
considered. For a common-emitter amplifier
without degeneration, the response will be down 3
dB at the critical frequency given by

f o fT/hfe
S A

Older specification sheets generally use the term
“heta-cutoff frequency,” fa., which is related to fr

by
fae%f'l‘/h/e- (5)

In the front ends of preamplifiers, the
noise figure is all-important. Noise will be lowest
for transistors having high ;. and low 77, values.
Designing for low noise is usually quite involved,*
but helpful data sheet design curves are usually
supplied. If it is not specified, assume that the
transistor will usually be too high to be satisfac-
tory for first-stage preamplifier operation, parti-
cularly when low frequencies are to be handled.

Aside from gain, frequency response and noise,
there are a number of other, in general, secondary
parameters that must be considered.

For linear operation, the available voltage
swing must generally be confined. This avoids

(4)

A ring-dot geometry is exhibited by the 2N3783 bipolar
transistor. Suitable for very low-noise RF amplification,
this Motorola device has a maximum noise of only 2.2 dB
at 200 MHz. The yolk-colored pattern is the base area.
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distortion due to saturation in the low-voltage
region and avalanche effects in the high-voltage
area. The guideline to follow—since linearity is
seldom specified—is to take the specified value of
Ver and nine-tenths of Viyz as suitable limits
for load-line excursions.

Even though small-signal amplifiers d1ss1pate
low power, the power-dissipation rating at am-
bient temperature and the maximum junction-tem-
perature rating deserve some attention. In addi-
tion, although the Iz, leakage current is negligible
in modern silicon transistors, it is large enough to
cause stability problems in germanium types; where
it, too, must be taken into account. In all transis-
tors, the variation of base-emitter voltage and cur-
rent gain as a function of temperature directly af-
fects stability,® although V; and h;. were neglected
in older treatments of the subject because the
effect of Iy,z0 was so much greater.

Devices classified as general purpose transistors
will perform best in audio and video amplifying
applications. In general, the best present types are
silicon pnp passivated units, as they have the flat-
est curve of ks, vs I, and the lowest noise.

Engineers occasionally stretch a point in their
search for a universal device. They may use a
transistor which has been optimized for some

Key parameters based on application

other function in a small-signal amplifier applica-
tion, just because the device is handy, or economi-
cal in large quantities. This may be foolhardy. For
example, both silicon and germanium transistors
intended for high-speed switching or RF am-
plification are poor choices as general-purpose
devices. The switches, if made of silicon, will be
gold-diffused to reduce storage time in saturated-
mode switching service. This manufacturing
practice causes the ks to be low and to fall off at
low current, and also produces high leakage cur-
rents and high noise. A germanium-type switch is
a poor choice because of low voltage-ratings and
relatively high leakage currents. Similarly, the RF
device will exhibit low gain at low frequencies and
its h.; is often very sensitive to changes in I, and/
or VCE

Oscillation frequency index of RF performance

RF small-signal amplifier applications require a
new look at the gain and frequency parameters.
The characteristics of importance in the RF region
are in general quite different from those in the
audio realm. Here too, gain is important, but the
best indicator of it in the high-frequency region
above the beta-cutoff frequency fee iS fmas, the

Required specification ratings Characteristics limits
Veeo by Cob hee ) Edge Func-
Device types Usecategory | Pe |Pa | T, | Vego or ) Vausl - of or | or [SVeg Ntf)ilse of | tg [ tional
) Mour | O Iy & | sat test
Alloy (GPA or GPS)
Grown, mesa Small-signal
Planar amplifiers X | X X X X X* X X -
Annular (no gold) (to 30 MHz)
(standard diffusion)
Drift, mesa Small-signal a
:lanT amplifiers X X x| x X .
nnular
b MH
(RF diffusion) fahove M)
Low-level, low-
Alloy, grown (no gold) speed switching
Mesa (to 1.0 MHz); X X X X X X X X X X X 2
Planar Large-signal
Annular drivers
(below 30 MHz)
I\gfsa goId::oped Low-level, high-
i) speed switching e o v L s Ge R e
Annular (low-voltage (above 1.0 MHz)
(standard diffusion) - !
Large-signal
All power types with amplifiers; X X X X X X X A
standard base diffusion | Power-switching A . A .
(below 10 MHz)
Power-class
amplifiers; % G,
RF types only Oscillators X X X X X Pogt
(above 10 MHz)

12
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maximum frequency of oscillation.®
The power gain at high frequencies for practi-
cal amplifiers is given as

fr

¢~ 8wfir,C,’

where f, is the gain-bandwidth product, f the
frequency of operation, 77, the base-spreading
resistance and C,. the -collector-base feedback
capacity. The maximum frequency of oscillation,
fmazy, may be found by solving Eq. 6 for the fre-
quency where power gain is unity. This yields

Fip o \/8*fT__ 7

: :
5 G

G (6)

Note that power gain will increase at the approxi-
mate rate of 6 dB/octave as circuit operation is
shifted down in frequency from f,.. Precise
calculations can be made by using the two-port
admittance parameters provided on the modern
data sheet.

Once again, for the input stages of a system,
noise figure is important.” As with audio amplifier
types, devices that do not have a specified noise
figure will probably not be suitable for front-end
operation at vhf and uhf.

Agc is a bias factor

RF devices generally exhibit a maximum gain
when operated at certain bias conditions. Many
transistors are designed to have special automatic
gain control (agc) characteristics, so that gain
decreases at a certain rate in relation to changes
in the dc bias.

The gain may be reduced by decreasing the
collector current (reverse age), or increasing the
collector current (forward age). All transistors
are capable of reverse-agc operation, whereas a
forward agc characteristic is obtained only by
special device design. Forward-agc operation is
suitable only at frequencies above f..; reverse age
may be used at any frequency. Forward age has
the advantage of an increasing signal-handling
capability with rising input signal. This agc
information is usually supplied for devices which
are designed for particular use as gain-controlled
amplifiers.

Other characteristics to be considered include
the breakdown-voltage rating, Vs, because it
comes into play when choosing power supply
voltages, and allowable output-voltage swings.
Ambient-temperature power rating and the
junction-temperature limit are of only passing
interest. This is because RF applications are
typified by low power-dissipation figures. Func-
tional tests of gain and noise, as specified on some
data sheets, show the optimum operating point
and are an excellent guide to whether the device
will be suitable for a given application. '

As for the matter of “universality,” the RF
device is most emphatically a special product.
General-purpose and switching transistors are not
nearly as suitable in RF applications. In general,
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the gain of these units will be very low, they will
be unstable, and they will exhibit high noise.

Saturation, dc modes set switching stage

In low-level, low-frequency (= 1 MHz) switch-
ing, many of the characteristics specified for most
modern devices must be weighed. The same type
of transistor that makes a good audio amplifier
may very well serve as a good switch.

Here, specifications additional to the audio
figures are required. Of primary importance in a
switching system is the gain of the stage which
approaches the de gain (hyz). Also, because most
devices operate in a saturated mode, the satura-
tion voltage is of considerable interest. It sets a
system-voltage level and largely determines the
power dissipation.

Finally, the remaining set of major parameters
is the switching times.® Included here is the stor-
age time, for in the case of the older, alloy-junc-
tion devices, it can be lengthy. Nearly all modern
types of transistors, however, have storage times
which are quite small by comparison; they are
therefore suitable for low-speed switching cir-
cuits. It is nonetheless desirable to have a storage
time (t,), specification, which is approximated by

IB] At IB2

ts T - (Ic/h’m + 132) : (®)
where 7, is the storage-time time-constant, I, the
turn-on base current, I;, the turn-off base current,
I, the collector current and h,; the dc current
gain. Equation 8 is helpful in estimating storage
time at a point other than the one specified on the
data sheet. For alloy devices, Eq. 8 holds quite
well; for modern devices, it is found that -, varies
somewhat with I.. In the latter case, Eq. 8 may
result in an error of 2:1 and therefore should not
be used indiscriminately.

Another figure of merit is the sum of the rise
and fall times. An index of the rise-and-fall-time
values can be obtained from f, and C,,. Parameter
fr predominates in the rise-time equation in the
high-current region, while output capacitance C,,
is paramount in the low-current region. To pre-
dict rise time, t,, both parameters must be known

Io/1y,

and used in:
1
by (2 T fr i CM) <1 =12 Ig, by ) 1%

In Eq. 9 f; is the gain-bandwidth product, R, the
load resistance, C,, the -collector-base capaci-
tance, I, the collector current, I;, the base cur-
rent and hy, the dc current gain.

Load line control is essential

The expression is reasonably accurate provid-
ing that I./Iz;, < hpg/2. In applying it, the I3,
value must approximate a step of current, R,
should be a pure resistor and the values of f, and
C,» must be averaged over the load line used.
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The voltage breakdown rating, Vize, usually
proves to be the best indicator of an upper voltage
limit. But in many cases, careful control of the
load line and the reverse bias placed on the tran-
sistor makes it possible to switch voltages up to
the Vpo rating.®

For switching applications such as multivibra-
tors and flip-flops, where capacitors are used in
the base-coupling circuit, the Vs, rating must
be known, as it is quite easy to exceed this limit
inadvertently.

The rated dissipation at ambient temperature
and the maximum junction-temperature limit
rate attention, but are not of prime importance,
because the power dissipated here is fairly small.

The leakage currents of germanium and silicon
devices may be a selection factor. In today’s silicon
transistors they are so low that they are not of
design significance. On the other hand, the leakage
of germanium devices may prove troublesome.

Silicon transistors are generally preferable to
germanium types in switching applications be-
cause the former have a higher Vj;; turn-on
voltage. This and their lower leakage currents
make it easier to maintain the cut-off state.

Storage time a key in high-speed switching

The characteristics of importance to high-speed
switching applications are essentially the same as
those in the previous group. But there is greater
emphasis on the storage-time specifications, since
they prove to be a primary limit on how fast a
logic system can operate.

To achieve low storage time, the recommended
devices are low-voltage germanium or gold-doped
silicon units. These transistors are generally un-

This power transistor features an isolated collector. Shown
before being sealed, this semiconductor type (2N1724)
unit comes in a TO-61 package.
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suitable for applications other than switching. Sili-
con npn types achieve the fastest switching.

Designers are sometimes tempted to use an RF
transistor in a switching application. The results
are disappointing, for RF devices have low Vo
ratings, low kg, values, high storage times and
poor saturation characteristics.

Power rates high in large-signal amplifiers

In large-signal amplification, large amounts of
power are handled and the power rating of the
transistor at a specified case temperature becomes
of paramount interest. The voltage which it can
tolerated, as indicated primarily by the BV o
rating, is also of great importance. The other
voltages normally mentioned on data sheets gen-
erally do not greatly affect these applications.

In such devices, the edge of the saturation
region, as evidenced by the knee in the collector
V-I curve is significant. This is particularly so for
the linear power amplifier, as it is obviously desir-
able to handle current peaks and voltage excur-
sions as close to the saturation region as possible
for maximum efficiency. Edge of saturation infor-
mation can often be obtained from data sheet
curves. In power transistors, saturation will often
occur when Vep > Vi,

These power units are also used in power-
switching, where many of the characteristics that
are of consequence are the same parameters that
govern in low-level applications. In this category,
storage time may also limit the speed at which
switching can be handled, although speed itself
is usually not of primary importance.

Rise time at high currents is a major interest,
but because of the current range over which these
devices are switched, the use of f, measured at a
single point does not correlate with measured rise
time if fitted to Eq. 9, and the rise-time spec-
ifications and curves must be used. Gain (hry)
matters because efficiency is a prime considera-
tion, and so too does saturation voltage because of
the large currents usually handled. The product
of the current and saturation voltage largely de-
termines the power dissipation and dictates the
requirements for the heat dissipator.

Current excursions modify frequency response

A common denominator for both large-signal-
amplification and power-switching applications is
frequency response. The gain-bandwidth frequen-
cy (fr) serves as an indicator of amplifier high-
frequency response, but as with switching service,
the amplifier’s large current excursions cause
discrepancies. When attempting to calculate
frequency vresponse, Miller effect due to C,
should be considered as well as fs.

Generally, better amplifier performance predic-
tions can be obtained from proper use of the tran-
sistor switching data. If rise-time data is plotted
as a function of I, with V; as a parameter (under
the condition I./I;, << hrg), a large signal cut-
off frequency can be found from

ELECTRONIC DESIGN
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I,
fa= 2at, hyy Iy,

In Eq. 10, f, is the large-signal common-emitter
cut-off frequency and I. the ON collector current.
Parameter ¢, is the rise time obtained from
switching data at the collector current (I,) and
voltage swing of interest. Note that V., of the
switching test is the same as AV.; in amplifiers,
and Ion of the switching test corresponds to
I pky in amplifiers ; hpy is the transistor de current
gain and I, is the turn-on base current used in the
switching test.

Flat curves of hyy vs I, are desirable for silicon
transistors, as they are commonly driven from
high-impedance sources to obtain the best thermal
stability and the lowest distortion. For germani-
um power transistors, a low-impedance drive
circuit is required to achieve the same ends, so
that a flat curve of transconductance vs collector
current is needed.'®

An extremely important characteristic of power
devices is the safe operating area.'* Data are
usually presented in graphic form showing per-
missible regions of V.z-I, operation as a func-
tion of time. Unfortunately, safe area does not
correlate very well with the power ratings based
upon thermal resistance. All the same, safe area,
not power rating, is more often than not the
arbiter of power-handling ability, and therefore is
the prime concern.

(10)

Functional tests guide RF operation

RF operation creates conditions such that
conventional parameters simply give no indication
of a particular transistor’s suitability. The only
way to select devices, then, is to refer to the func-
tional test on the manufacturer’s data sheet. Here
you will find the power gain at a given power
output under the optimum conditions for which
the devices were designed.

Bear in mind that the BV, voltage rating
has proved to be the most useful single voltage
rating for RF power transistors. As in low-fre-
quency power applications, the edge of saturation
is significant and so is safe area information.
Secondary considerations are the maximum tem-
perature rating and 25°C case power-dissipation
rating. When designing the tuning circuit, output
capacitance C,, must be known.

Sewing up the tailored device choice

A theme of this discussion has been that there is
no universal transistor. It is wisest to select tran-
sistors with specifications tailored by the manu-
facturer to a given application.?

It is found, for example, that devices intended
for high-speed, low-level saturated switching
service possess very high noise figures and very
low gain as audio-frequency amplifiers. Germani-
um switches, made from low-resistivity material
to achieve low storage time, similarly should not
be used indiscriminately in audio amplifiers.

Devices intended for RF applications are de-
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Pick the right device! When faced with a number of tran-
sistor geometries, cans, etc., to choose from, use the key
parameters as a guide to application.

signed to have very low base-spreading resist-
ances. For this, a diffusion profile in the base is
made to have an average low resistivity. As a
result, the input capacity is rather high, the cur-
rent gain very low, rendering this type of device
unsuitable for audio and switching applications.

Conversely, the switching device, designed to
have a high emitter-breakdown voltage and a low
input capacitance, will have a high-base-spreading
resistance. This results in low power gain and
high noise when it is operated as an RF amplifier.
In the power area, too, the same types of trade-
offs are evident. = =
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MINUTES

SECONDS

. New Microflex
Timer/Counter
Dials make
accurate
settings,
easier!

HZ60A6
COUNTER

And not one turn too man
coils depend on precise win

NEW TWISTER...
ACCURATE TIME/COUNT CONTROL

New and consistently better! At the left is
the new face of our famous Microflex® reset
timers and counters. High-visibility, direct
reading dials enable you to make highly accu-
rate settings, easier! The larger, 20-turn scale,
for example, may be in minute divisions with
the inner in seconds. Settings as short as 3/yoth
of a second with == /soth second accuracy are
readily obtained. Other dial selections to 120
hours are available. After the desired pre-set
time period, a variety of 15 amp. contacts can be
opened or closed to control motors, solenoids,
valves, etc. Uniform new lettering and attractive
neutral grey color make units compatible with
all other Eagle Signal types and with your most
advanced machine designs. For full details about
these new timers and counters, use Reader
Service Card, circle number 91.

'i'URN...TURN...TURN...

CLUTCH

characteristics of radio tuning
AG.LE. did a’

good turn for a leading manufacturer W shown

above. Using a Micr

oflex counter, variations in motor speed resulting from

wire tension changes are taken care of . . . and an accurate product is

produced each time. T
and press the button.
stops automaticall

clutch and motor.

he operator merely needs to set the high-visibility dial

The arbor turns the pre-set number of revolutions and

In this system, the Microflex gounter controls brake,
Complete information is in Bulletin 730. For a copy, use

Reader Service Card, circle number 92.

FILL'ER UP...

HOPPER
VALVE
LIMIT SWITCH

Bl

HA42A6
RESET TIMER

®
MOTOR@ )

And not one ounce too many! A leading food su
manufacturer presented the Man from E.A.g.L.E. wisthptprlz
packaging requirement shown at the left. This manufac-
turer wanted to accurately fill containers. A versatile
Microflex timer was the answer. It moves the containers
under the hopper . .. filling and advancing them by the
time lapse technique. The limit switch in this system
activates the Microflex which controls hopper-valve and
motor circuits. An accuracy of !/9% of full seale is con-
sistently maintained and the manufacturer can vary the
container sizes and amounts he wants them to carry
Intriguing? Write for Bulletin 110 for full data Use.
Reader Service Card, circle number 93. ;

The Man from E.A.G.L.E. would like yo! i

| ,E-A.G.LE. u to see h -

plete ‘‘showcase’’ of process control i¥:leas. May wltse ::rr:ld

you %ur cata!og? For your copy, use the handy Reader Serv-

g:iegna'alr)di‘,’iscigﬁleEnvvmg?_r Sé, or write directly to Eagle
, E. W. Bliss Co

oot et BeD: mpany, Federal Street, Dav-

LEITEX) [+ [EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY
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UNDERCOVER OPERATOR

22AP Plug-in General Purpose Relay

... thee
ship and

and plate circuijt require
Featyres include: forms tg 3PDnT]epn|LS§
;pec:als on request; standarqg units
r;:ve gold-plated contacts for longer
s %lf life; lower pull-in voltages (DC.
SSDA ;‘)(f; nominal, AC: 75% of nomi-.

; Operating voltages 0.5
250, DC 0.2 to 130 in current rangé(s)

uarmp. Con}plete in-

¢ new relay bulle-
tin. For your copy, use R
ice Card, circle na’r'nber 9§ader g

SPECIFICATIONS
® Contacts: SPDT, DPDT, 3pPpT
® Contact Rating: § and 70 amps.
® Pull-in: 22 milliseconds average

L] D/(),D-Ol/[ Speed: 72 milljs, onas
il
5 b 7 /1Seconds

® Size: 134" x 25 x A

® Weight: 3 ounces

POWERFuUL PARTNER \

- - - 105 your to :
power-handling asslijghest medium-
workhorse. 25pS t

rugged %" diameter silver cadmium
3 ad

‘%(,ltde alloy contact; lower ptﬂ'lum
'tages (DC: 75% of nominal, AC:

6% of nominal); A i
ages 4 to 250, DC f 130 5 volt

rent ranges from .02 t

to 130 |

full technical information on this and

and medium
the Re P
number 96

Eagle Signal general purpose

) relays, yse
ader Service Card, and ’circle

RELAY DESIGNERS’ RELAY

25AA Open Frame General Purpose Relay

5

Ask the man from E.A.G.L.E. to open
his ‘“‘showcase’” of ideas for you.
Many can help solve your process
control problems. Want our com-
plete catalog? Use the handy Reader
Service Card, circle number 98 or
write: Eagle Signal Division, E. W.
Bliss Company, Federal Street, Dav-
enport, lowa 52803.
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... and boy what a relay it is! Ver-
satile, dependable, economical. You'll
find hundreds of uses for these 5 or
10 amps., UL listed high-reliability
types. Standard units have gold-
plated contacts which permit longer
shelf life. Other significant features
include: lower pull-in voltages (DC:
70% of nominal, AC: 75% of nomi-
nal). AC operating voltages 0.5 to
250, DC 0.2 to 130 in current ranges
from .005 to 10 amp. Detailed speci-
fications on these and other Eagle
Signal general purpose relays are
given in a new technical bulletin. For
your copy, use Reader Service Card,
circle number 97.

SPECIFICATIONS

® Contacts: SPDT

. lC;‘ontacz‘ Rating: 20 amps. 115/230
AC 60 cyele resistive o 7 HP @
715/230 vac motor-inductive
® Pull-in: 50 milliseconds may.

® Drop-out Speed: 30
max.

milliseconds
® Size:2) " x 1% x AL

® Weight: 3 ounces

SPECIFICATIONS

® Contacts: SPDT, DPDT, 3PDT

e Contact Rating: 5A and 10A @ 775
VACe5A-1/10 HP @ 115 VAC, 1/6
HP @ 230 VACe®10A-1/6 HP @ 115
VAC, 1/3 HP @ 230 VAC

® Pull-in: 22 milliseconds average

® Drop-out Speed: 12 milliseconds
average

o Size: 174" x 1%, x 1)4"

® Weight: 2 ounces

LITET] (¥ EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

=~
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How to use the charts

A tint pairs the transistor type with
the value of its key parameter for most ap-
plications in each transistor category. De-
vices are listed in order of increasing value
of that key parameter. Note, however, that
since various manufacturers may character-
ize their types differently, some “jumps” may
take place in the sequence. Consider, for ex-
ample, a type in the high-frequency category.
Its key characteristic will be fe Or fr (values
of fr are preceded by a single asterisk). But
fee is the frequency at which ks drops to
0.707 of its low-frequency value, and f, is
the gain-bandwidth product, or the product of
h;. and frequency at a point where h; is
dropping by 6 dB per octave. Thus, f, is about
hse times greater than f.. for a given type.

Under maximum ratings, manufacturers
were asked to specify collector power dissipa-
tion at 25°C case temperature, this general-
ly being the most meaningful single rating.
The derating factor can then be used to esti-
mate P. for other operating temperatures.

Either Vego or Vg is listed as a maximum
voltage rating. Vs is related to collector-
emitter diode breakdown and V.z, to col-
lector-base diode breakdown. But bear in
mind that many manufacturers’ data sheets
will list other important voltage ratings, such
as Vogs or Vegg.

Under characteristics, ELECTRONIC DESIGN
asked manufacturers to supply typical values
—maximums, minimums or spreads. Where
deviations from this occur, they are noted.

Finally, a word of caution: the character-
istics listed serve primarily as a guide and
generally should not be used exclusively for
direct comparison of types. This is because
it is impossible to list the wide variety of test
conditions under which characteristics have
been measured. Vg0, for example, can differ
considerably for comparable devices when
measured at a collector current of 100 pA in
one case and 1 mA in another. The best bet
is to consult the manufacturers’ data sheets
before making the final selection. Also, scan
the articles that preface each listing section.
Each article contains important information
about parameter evaluation.

Key to Symbols

foe

fa.b

hFE
lo

COG

Con

t,

tS

Vor sat)

Eu
Ve

IDSS

BVDGO

BVoes
Cis

N.F.

n

IEO

I,

Vi (sat)
VEB'_' 1
VOB]

= small-signal short-circuit forward
current transfer ratio cutoff fre- »
quency (commont-emitter)

= small-signal short-circuit forward
current transfer ratio cutoff frequen-
cy (common-base)

= gain-bandwidth product

= collector power dissipation (aver-
age)

= junction temperature °C

= derating factor

= max collector voltage, collector to
emitter, base open

= max collector voltage, collector to
base, emitter open

= max collector current
= max collector current (peak)

= small-signal short-circuit forward
current transfer ratio (common-
emitter)

= dc short-circuit forward current
transfer ratio (common-emitter)

= collector cutoff current (dc), emitter
open

= output capacitance (common emit
ter)

= output capacitance (common-base)

= rise time

= storage time

= collector-to-emitter saturation volt-
age transconductance

= pinch-off voltage

= zero-bias drain current

= drain-gate breakdown voltage with
gate-source open-circuited

= breakdown voltage from drain to
gate with drain shorted to source

= common source short-circuit input
capacitance

= noise figure

= intrinsic standoff ratio

= max emitter reverse current

= max peak point emitter current

= max emitter saturation voltage

= min emitter reverse voltage

= min base one peak pulse voltage

ELECTRONIC DESIGN



(ACTUAL SIZE)

Holitron

announces a family of

90 Amp NPN Silicon Planar
Power Transistors featuring

fast switching, high voltage
capabilities with
Pr=350W @ 25°C!

DESIGN LIMITS PERFORMANCE SPECIFICATIONS
Py BVeso Veeo BVeso figa Vg (sat) Vee (sat) lcso H
Type (sus)

Watts
Number 2550 Volts Volts Volts Volts Volts kA MH

Case le=1mA le=0.2A e=1mA le="75A lc=90A lc =50A, Ig = 5A Vg = 60V

Max. Min. Min. Min. Min. Min. Max. Max. Max. Typ.
MHT8920 350 80 60 8 10 5 20 15 10 20
MHT8921 350 100 80 8 10 5 20 15 10 20
MHT8322 350 120 100 8 10 5 20 15 10 20
MHT8923 350 140 120 8 10 5 20 1.5 10 20

50°C

Case lec = 2mA le = 50A lc =50A, g =10A Veg =RATED | MIN.
2N3149 300 80 80 10 10 = 25 15 2000 0.1
2N3150 300 100 100 10 10 — 25 15 2000 0.1
2N3151 300 150 150 10 10 — 25 15 2000 0.1

TRANSISTOR DIVISION

@(ﬂltmn DEVICES, INC.

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 848-4311 / TWX: (510) 952-6676

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated
Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and High-Pac Interconnection Systems.

ON READER-SERVICE CARD CIRCLE 6
May 17, 1966 19



Key to Transistor Types

Construction

AE  Annular epitaxial
AJ Alloy junction
AD  Alloy diffused

DD  Double diffused
DG  Grown diffused
DJ Diffused junction

DM Diffused mesa

DDM Double-diffused mesa

DP  Diffused planar

DR  Dirift

ED  Electro-chemical diffused-collector
EM  Epitaxial mesa

EP Epitaxial
FA Fused alloy
FJ Fused junction

GD  Grown diffused
GJ Grown junction
GR  Rate grown

MB  Meltback

MD  Micro-alloy diffused base
MS Mesa

PE Planar epitaxal

L Planar

SBT Surface barrier

SP Surface precision alloy
TDP
PADT

Triple-diffused planar
Past alloy diffused technique
Materials

ge germanium
si silicon

New DC Scope!
... the Heathkit 1014

¢ Sets New Standard for Per-
formance & Value . .. $299.00
Kit . . . $399.00 Assembled g
e DC to 8 mc Bandwidth—0.04
usec. rise time e Calibrated
Vertical Attenuator — .05 v/cm
to 600 v. (max.) Input e Trig-
gered Sweep — 18 calibrated
rates e Delay-Line Vertical
Amplifiers for Fast Rise Signal
Analysis e Electronically Regu-
lated Power Supplies — Forced
Air Cooling e Built for Continu- |
ous-Duty Industrial & Lab Use

A 5” DC scope with calibrated
time base & 5X sweep magni-
fier. For 115/230 volt, 50-60
cycle operation.

Kit 10-14, 45 Ibs. .... $299.00
Assembled IOW-14,

A5 IBS,. . ohiies thas $399.00
RO e Ao e HmATHRIT ]
1 Heath Company, Dept, 60-5
r FREE CATALOG Benton Harbor, Michigan 49022
. Fully [ Please send FREE Heathkit Catalog &
s Describes Information describing the New
. Over 250 Heathkit 10-14 Oscilloscope
Heathkit [J Enclosed is $ , plus shipping.
Electronic Please send model .
jo Products Name l
oW Address
| "'; City State Zip.
Prices & specifications subject to change without notice. TE-141 J

FREE FOLDER
ECCOSHIELD®
 RF SHIELDING MATERIALS

LCCOSMIELD ES LCCOSHIELD SO snd €O

&«

5 gt

Brand new six page folder in color describes a com-
plete line of Eccoshield products to combat RFI—
conductive plastic sheet and gaskets, adhesives, coat-
ings, caulking compounds, metallic foil—the works.

This valuable Folder is yours.
Write or use Reader Service Card.

EMERSON & CUMING, INC.

¢ Canton, Massachusetts
* 604 W. 182d St., Gardena, Calif.
® 9667 Allen Ave., Rosemont, lil.

Emerson &‘Cumlng Europe N. V.

ON READER-SERVICE CARD CIRCLE 7

Oevel, Belgium
ON READER-SERVICE CARD CIRCLE 8

ELECTRONIC DESIGN



Manufacturers and their lines

Manufacturer. Symbol AL:lio High-l::quency Po:er Lowl:tevel Hig:'ll-.evel Fie:;:;ffect Un:i-l;:ction
Amelco AL ° ® ° ° ° °
Amperex AMP ° ° ) ° °
Bendix BE ° ° °
Burroughs BU °
Continental Device cbC © ° ° . °
Crystalonics CcT ° ° ° ° °
Delco DE ° ®
Dickson DIC ®
Electronic Transistor ETC ) ] ® ° °
Fairchild FA ° ° @ ® ° °
General Electric GE ® @ ® ° ° 2
General Instrument Gl ° ) ° ° ® °
General Micro-electronics GME ° ° ° ®
Hughes HU ° ° °
ITT Semiconductors ITT ° ° ° ®
Industro Transistor IND ° ® °
International Electronics IEC ° ° )
KMC Semiconductor KMC ° ®
KSC Semiconductor KSC ° ° ®
Lansdale LAN ® ° e °
Motorola [[0] e ® ° ° ® s °
National Semiconductor NA ) e @ ° @
Nucleonic Products NUC ° ° ® ) °
Philco PH ° °
Radio Corp. of America RCA ° ° ° ° ° °
Raytheon RA ® ® ° ®
Siemens America SA ® © ° ° ®
Silicon Transistor STC ° @ )
Siliconix | ®
Solid State Products SSP ) ® &
Solitron SoL ®
Sperry Semiconductor SSD ° ° °
Sprague SPR ° ° ° ° ®
Sylvania SY ° ° ° ® °
Texas Instruments 11l ° ® ° ° ° ° °
Transitron TR ° ® ° ° °
TRW Semiconductors TRWS ° ® ° ° °
Union Carbide uc ° o ° °
Vector VEC ° ° °
Westinghouse WH ° ° °
May 17, 1966 21




Audio and General Purpose

Mostly audio and general-purpose types handling less than one watt.
Listed in order of increasing forward-current transfer ratio.

MAX. RATINGS CHARACTERISTICS
v f
Cross T: [ 2CEO ae Package
index | Type ,h“ it (o) .| Veso le leo *tr | Outline

Key No. Mfr. Type Ng (mW) C mW/°C| (V) | (mA) (1A) (MHz) | (T0-) Remarks
2N1439 NA pnp,A,si 512 400 200 2.25 50 100 025 - 5 CT:
2N1223 $SD AJ 6 250 175 1.67 40 100 0.1 - 5 CT, SPR

Al NS-664 NA pnp,A,si 7-22 400 175 2.5 50 100 1 - 5 Industrial Type
NS-668 NA pnp,A,si 1-22 150 175 1 50 100 1 - 18 Industrial Type
2N927 NA pnp,A,si 8-22 150 200 85 60 100 025 - 18 SPR
2N935 SSD A) " 385 160 2.85 40 50 0.1 0.2 18 CT, SPR
2N938 SSD AJ 9 250 175 1.67 35 50 025 - 18 CT, SPR
2N1024 SSD AJ g 250 175 1.67 15 100 025 1 5 AMP, CT, SPR
2N1025 SSD A) 9 250 175 1.67 35 100 025 - 5 AMP, CT, SPR

23 2N1028 SSD AJ 9 250 175 1.67 10 100 025 - 5 CT, SPR
2N1154 Tl npn,si 9 750 150 6 *50 60 B - - TR, NA, ETC
2N1155 Tl npn,si 9 750 150 6 *80 50 ) - - TR, NA, ETC
2N1156 Tl npn,si 9 750 150 6 *120 40 b - - TR, NA, ETC
2N1220 SSD AJ *9 250 175 1.67 25 100 0.1 - 5 CT, SPR
2N1222 SSD A) 9 250 175 1.67 25 100 0.1 - 5 CT, SPR
2N1586 Tl npn,si 9 125 87.5 2 10 25 1 - - TR, ETC
2N1587 Tl npn,si 9 125 87.5 7 20 25 1 - - TR, ETC
2N1588 Tl npn,si 9 125 87.5 2 40 25 1 - - TR, ETC
2N332A GE npn,DG,si 9-20 500 175 383 45 25 ; - h TR
2N1440 NA pnp,A,si 9-22 400 200 2.25 50 100 025 - 5 AMP, CT

A3
2N2673 GE pnp, DG, si 9-22 250 175 1.66 *60 25 1 - 46
2N1394 Gl pnp,ge 10 50 - 0.8 *10 - 15 - -
2N1408 Gl pnp,AJ,ge *10 150 100 2 *50 - 7.0 1 5 MO
2N1643 cT pnp,si *10 250 160 1.9 25 50 001 - 5
2N1672A Gl npn,AJ,ge *10 120 85 % *55 - 25 2 /]
BCZ12 AMP pnp,AJ,si 10 250 150 2 60 50 0.1 1 1
2N925 NA pnp,A,si 10-24 150 200 .85 40 100 025 - 18 SPR
2N470 TR npn,PL,si 10-25 200 175 1.2 15 25 5 8 5
2N471 TR npn,PL,si 10-25 200 175 1.2 30 25 5 8 5

. 2N472 TR npn,PL,si 10-25 200 175 1.2 45 25 5 8 5

4

2N472A TR npn,PL,si 10-25 200 175 1.2 45 25 5 8 5
2N1082 TR npn,PL,si *10-50 200 175 L5 *2% 50 5 17.2 5
2N102 N npn,AL,ge *10.5 1000 75 - *30 1500 | 500 - 13
N117 Tl npn,si 12 150 175 1 *45 25 2 - - TR
2N332 Tl npn,si 12 150 175 1 *45 25 2 - 5 GE, TR
2N1474 SSD A) 12 250 175 1.67 60 100 050 - 5 CT, AMP, SPR
2N1476 SSD AJ 12 250 175 1.67 100 100 0.2 - 5 CT, SPR
2N756 NA npn, DM, si 1222 500 200 2.5 45 100 0.2 - 18 TR
2N756A NA npn,DM,si 12-22 500 200 2.5 60 100 0.1 - 18 TR
2N923 NA pnp,A,si 12-30 150 200 .85 25 100 025 - 18 SPR

A5
NS-731 NA npn,DM,si 12-55 400 175 2.5 15 100 1 - 18 Industrial Type
NS-733 NA npn, DM, si 12-55 400 175 24 30 100 1 - 18 Industrial Type
2N1149 Tl npn,si 12.3 150 175 1 *45 25 2 - - TR
2N726 Tl npn, si 15 300 175 2 20 50 1 - 18
2N1248 TR npn,PLE,si 15 30 150 24 6 5 .01 - 3 GE
2N1311 Gl npn,AJ,ge 15 120 85 2 10 - 7.0 155 5 Tl
2N1655 RA pnp,si 215 250 160 1.85 125 50 1.0 .050 b CT, SPR
2N2177 SSD AJ AL 100 175 .67 6 50 .005 - 5 CT, SPR
2N2178 SSD A) 15 100 175 .67 6 50 .005 = 18 CT, SPR
2N2370 NA pnp,A,si 15 200 200 1.0 15 100 .005 - 5 Low Level, Low Noise, AMP, CT

AB SPR
2N2372 NA pnp,A,si %15 150 200 1 15 100 .005 - 18 Low Level, Low Noise, CT, SPR
2N2391 Tl pnp,si 15 300 175 2 20 50 10 - 50
BCY30 AMP pnp,AJ,si 15 250 150 2 *64 100 1 25 b
BCY33 AMP pnp,AJ,si 15 250 150 2 *32 100 1 4 5
BCZ13 AMP pnp,AJ,si 15 85 - 9 *20 10 01 1.5 - Sub min case
2N529 Gl - 1520 100 85 2 *15 - 0 2 5
NS-663 NA pnp,A,si 15-36 400 175 2.5 50 100 1 - 5 Industrial Type
NS-667 NA pnp,A,si 1536 150 175 1 50 100 1 - 18 Industrial Type
MA885 MO pnp,AJ,ge 15-40 200 100 2.67 *50 500 15 10.5 5 tfab

A7
2N243 Tl npn,si 16 750 150 6 *60 60 1 - - TR, NA
2N936 SSD AJ *18 385 160 2.85 35 50 0.1 - 18 CT, SPR
2N939 SSD AJ 18 250 175 1.67 35 50 .025 - 18 CT, SPR
2N1026 SSD AJ 18 250 175 1.67 35 100 025 - by CT, SPR
2N1027 SSD AJ 18 250 175 1.67 15 100 .025 - 5 CT, SPR

(see pages 4-9 for explanation of company abbreviations.)
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AUd io (continued)

MAX. RATINGS CHARACTERISTICS|
; v f
Cross hg P Tj QVCEO | | oe Package
Index Type ‘he c (o) 5 CBO c co fr Outline
Key No. ~ Mtr. Type FE (mW) € mW/°C (Y) |(mA) (1A) (MHz) | (T0-) Remarks
2N1219 SSD A) *18 250 175 1.67 A 100 0.1 - 5 SPR
2N1221 SSD AJ 18 250 175 1.67 25 100 0.1 - 5 CT, SPR
IN1474A SSD A) 18 250 175 1.67 60 100 .050 - b CT, SPR
2N1441 NA pnp,A,si 18-36 400 200 2.25 35 100 .025 - 5 AMP, CT
N757 NA npn,DM,si 18-40 500 200 25 45 100 0.2 - 18 TR, GI
A8
2N333A GE npn,DG,si 18-44 500 175 3.33 45 25 3 11 5 TR
2N2674 GE npn,DG,si 18-44 250 175 1.66 *60 25 A - 46
2N928 NA pnp,A,si 18-55 150 200 .85 60 100 .025 - 18 SPR
2N334A GE npn,DG,si 18-90 500 175 3.33 45 25 ] 12 5 TR
2N758 NA npn,DM,si 18-90 500 200 2 45 100 0.2 - 18 TR, GI
2N758A NA npn,DM,si 18-90 500 200 2.5 60 100 0.1 - 18 Gl
INT734 Tl npn,si 20 500 175 3.33 60 50 1 - 18 TRWS, TR
2N738 Tl npn, si 2 500 175 3.33 80 50 1 - 18 TR
2N1273 Tl pnp,ge 20 150 85 2.5 *15 150 14 - 5
- 2N1274 Tl pnp,ge 20 150 85 2.5 *25 150 14 - 5
9
2N1310 Gl npn,AJ,ge *20 120 85 2 *90 - 1/ 1 5 Tl
2N1312 Gl npn,AJ,ge *20 120 85 2 *50 - 7 7 5 Tl
2N1372 Tl pnp,ge *20 250 100 3.3 .25 200 - - 5
2N1373 Tl pnp,ge *20 250 100 3.3 *45 200 - - 5
2N1380 Tl pnp,ge 2 250 100 3: *12 200 14 - 5
2N1381 Tl pnp,ge 20 250 100 3.3 225 200 14 - 5
2N1383 Tl pnp,ge 20 200 85 3.3 %5 200 14 - b
2N1445 Tl npn, si *20 800 200 4.57 *120 750 10 - 5
2N1564 Tl npn, si 20 600 175 4 60 50 1 - 5 TRWS, TR
i 2N1572 Tl npn,si 20 600 175 4 80 50 1 - 5 TR
2N1672 Gl npn,AJ,ge *20 120 85 2 *40 - 25 2 5
2N2371 NA pnp,A,si *20 200 200 1.0 15 100 .005 - 5 Low Level, Low Noise, AMP, CT
SPR
2N2373 NA pnp,A,si *20 150 200 1 15 100 .005 - 18 Low Level, Low Noise, CT, SPR
2N3579 SSD pnp,EP *20 400 200 2.28 60 30 0.05 80 46
2N3877 GE npn,PL,si *20 min 200 100 2.67 70 50 0.5 135 98
IN3BT7A GE npn, PEP,si *20 min. 200 100 2.67 85 50 0.5 135 98
A130 AMP npn,PL,si *20 360 200 2 *90 - - 30 b
A310 AMP npn,PL,si *20 300 175 2 *135 - B, 50 5
A3ll AMP npn,PL,si *20 300 175 2 *80 - A 30 5
All
BCY38 AMP [ pnp,Al,si *20 120 150 2 *32 250 1 45 5
2N530 Gl - 20-25 100 85 2 ¢1b - 5 3 5
2N2042 MO pnp,AJ,ge *20-50 200 100 *2.671 105 200 10 - ] Tl
2N2042A MO pnp,AJ,ge *20-50 200 100 *2.671 105 200 10 - 5 Tl
2N926 NA pnp,A,si 20-55 150 200 85 40 100 .025 - 18 SPR
2N339A TR npn,PL,si *20-80 250 175 3 60 150 1 10 11
2N340A TR npn,PL,si *20-80 250 175 3 85 150 1 10 11
2N341A TR npn,PL,si *20-80 250 175 3 125 150 1 10 11
2N118 Tl npn,si 24 150 175 1 *45 25 2 - - TR
2N333 Tl npn,si 24 150 175 1 *45 25 i - 5 GE, TR
A12
2N1150 Tl npn,si 24 150 175 1 *45 25 2 - - TR
2N924 NA pnp,A,si 24-60 150 200 85 25 100 .025 - 18
NS-662 NA pnp,A,si 24-60 400 175 2.5 40 100 1 - 5 Industrial Type
NS-666 NA npn,A,si 24-60 150 175 1 40 100 1 - 18 Industrial Type
2N330A RA pnp,si 25 380 160 29 -30 50 0.1 0.05 5 SSD, AMP, CT
2N563 Gl pnp,AJ,ge 25 150 85 YIS *30 300 i 0.8 -
2N564 Gl pnp,AJ,ge 25 120 85 2 *30 300 5 0.8 5 IND
2N1589 Tl npn,si 25 125 87.5 2 10 25 1 - - TR
2N1590 Tl npn,si 25 125 87.5 7 20 25 1 - - TR
2N1591 Tl npn,si 25 125 87.5 2 40 25 1 - - TR
A3
2N1623 RA pnp,si 25 250 160 1.85 20 50 1.0 0.05 5 CT, SPR
2N2304 RA npn,PL,si Wi 600 300 34 30 250 .010 10 5
2N2617 AMP pnp,si 25 350 150 2 25 50 .001 £ -
2N2831 Y npn,PE,si 85 360 175 - *40 200 .30 250 18 TRWS
BCY31 AVWP pnp,AJ,si 25 250 150 2 *64 100 A 25 5
BCY34 AMP pnp,AJ,si 23 250 150 2 #32 100 ot .6 5
SA2253 AL npn,si *25 - 150 - *40 - .05 - e
2N531 Gl - 25-30 100 85 2 *15 - 5.0 3% 5
2N658 Tl pnp,AJ,ge *25-80 250 100 6.66 12 1000| 6 - 5
2N306 SY npn,AL,ge *25-125 180 85 - *20 - 20 .600 22
Al4
2N2860 SY npn,PE,si *25-125 200 175 - *30 - 1 *1000 18
2N279 AMP | pnp,Al,si 30 125 75 2.5 30 10 110 0.15 1 Low Noise
2N662 Tl pnp,AJ,ge *30 250 100 6.66 12 100 6 - §
N727 Tl npn,si 30 300 175 2 20 50 1 - 18
2N1477 SSD A) 30 250 175 1.67 100 100 0.2 - 5 CT, SPR

May 17, 1966
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AUdiO (continued)

MAX. RATINGS CHARACTERISTICS
\
Cross ||' Tj *VCEO | | 'ae Package
Index Type *h. Pc ) o CBO c co *r Outline
Key No. Mfr. Type FE (mW) c mW/°C| (V) |(mA) (1A) (MHz) | (10-) Remarks
2N1654 RA pnp,si *30 250 160 1.85 80 50 1 .050 5 CT, SPR
2N1656 RA pnp,si *30 250 160 1.85 125 50 1 .050 ol CT, SPR
2N2173 Tl pnp,ge *30 240 100 3.2 15 750 10 - 5
2N2173 MO pnp,ge *30 240 100 &2 15 750 10 - 5
2N2392 Tl pnp,si 30 300 175 2 20 50 10 - 50
Al5
2N2599A SSD pnp,EP *30 400 200 2.28 100 30 0.025 60 46
BCY39 AMP pnp,AJ,si *30 120 150 2 *69 250 | .85 5
BCZ14 AMP pnp,AJ,si 30 85 - 9 *2 10 .01 1.5 = sub min case
2N532 Gl - 30-35 100 85 2 215 - 5 4.0 B
2N1101 SY npn,AL,ge *30-6 180 85 - *20 100 50 10 22
2N1102 SY npn,AL,ge *30-60 180 85 - *40 100 50 0.10 22
2N1442 NA pnp,A,si 30-65 400 200 2.25 30 100 .025 - 5 CT
2N650 MO pnp,AJ,ge 30-70 200 100 2.67 *45 500 10 5 Tl
2N650A MO pnp,AJ,ge 30-70 200 100 2.67 *45 500 10 - 5 Tl
2N653 MO pnp,AJ,ge 30-70 200 100 2.67 *30 250 15 1 5 Tl
A 16 :
2N1186 " MO pnp,AJ,ge 30-70 200 100 267 | *60 500 10 - 5
2N1191 MO pnp,AJ,ge 30-70 200 100 2.67 *40 200 15 - 5 Tl
MA881 MO pnp,AJ,ge 30-70 200 100 2.67 *60 500 10 10.75 5 tfab
MABB6 MO pnp,AJ,ge 30-70 200 100 2.67 *50 500 15 10.75 5 tfab
2N2711 GE npn,PL,si 30-90 200 100 2.67 18 100 P - 98 NUC
N2713 GE npn,PEP si *30-90 200 100 2.67 18 200 0.5 - 98 Full line spread
MPS2711 MO npn,EP si *30-90 310 135 2.81 18 100 0.5 - 92
MPS2715 MO npn,EP si *30-90 310 135 2.81 18 25 0.5 - 92
2N1051 npn,DD,si 30-100 500 150 4 40 100 9 4 5 NA
2N1707 MO pnp,AJ,ge 30-150 200 100 2.66 *30 400 15 t4 5 tfab
Al 2N244 Tl npn,si. 32 750 150 6 *60 60 1 - - TR, NA
2N405 RCA pnp,AJ,ge 3 150 71 - *20 35 14 0.65 40
2N406 RCA pnp,AJ,ge 35 150 71 - *20 35 14 0.65 1 LAN
2N780 Tl npn,si 35 300 175 2 45 50 0.01 - 18 AL
2N1010 RCA npn,AJ,ge 35 20 55 - *10 2 10 2 1 LAN
2N2389 Tl npn,si 35 450 200 2.51 215 500 0.01 - 50
BCY32 AvMP pnp,AJ,si 35 100 150 i *64 50 - 4 9
2N533 Gl - 35-40 100 85 2.0 o - R 4.5 5
40234 RCA npn,P,si 35-180 500 175 3.3 18 100 | 0.5(max)| *60 -
AC 121 SA pnp,AJ,ge 35-190 900 90 20 20 300 5 1.5 1
A18 ¥
2N2926 GE npn,PL,si 135-470 200 100 2.67 - 100 0.5 - 18 NUC, t Full line spread, GME
MPS2926 MO npn,EP si 35-470 310 135 2.81 18 100 0.5 - 92
2N937 SSD A) *36 385 160 2.85 30 50 0.1 - 18 CT, SPR
2N940 SSD AJ 36 250 175 1.67 35 50 025 - 18 CT, SPR
2N1469 SSD A) 36 250 175 1.67 35 100 .025 - ] CT, SPR
2N1475 SSD Al 36 250 175 1.67 60 100 .050 - b AMP, CT, SPR
2N759 NA npn,DM, si 36-90 500 200 2.5 45 100 0.2 - 18 TR, GI, Tl
2N759A NA npn,DM,si 36-90 500 200 2.5 60 100 0.1 - 18 SPR,GI, Tl
2N335A GE npn,DG,si 37-90 500 175 3.33 45 25 5 - 5
2N2675 GE npn, DG, si 37-90 250 175 1.66 *60 25 3 - 46
ALY
2N334 Tl npn,si 39 150 175 1 *45 25 2 - 5 GE/TR
2N1151 T npn,si 39 150 175 1 *45 25 2 - - R
2N735 Tl npn,si 40 500 175 3.33 60 50 1 - 18 TRWS, TR,
2N739 Tl npn,si 40 500 175 3.33 80 50 1 - 18 '
2N934 RCA pnp,MS,ge *40 150 - - 13 - - - 18
2N1370 Tl pnp,ge 40 150 85 25 25 150 14 - 5
2N1371 Tl pnp,ge 40 150 85 2.5 45 150 14 - 5
2N1374 Tl pnp,si 40 250 100 3.3 25 200 i/ - 5
2N1375 Tl pnp,ge 40 250 100 38 *45 200 7 - 5
2N1382 Tl pnp,ge 40 200 85 3.3 25 200 14 - 5
A2
2N1413 GE pnp,AJ,ge *40 200 85 3.33 *35 200 12 - 5
2N1565 Tl npn, si 40 600 175 4 60 50 1 - 1 TRWS, TR
2N1573 Tl npn,si 40 600 175 4 80 50 1 - 5 TR
2N1622 Gl npn,AJ,ge *40 120 85 2 *90 - 7.0 1 5
2N2868 GE npn,PE,si 40 2800 200 16 40 1000 | .010 130 o
2N2909 GE pnp,PE,si 40 2800 200 16 40 1000 | .010 130 46
2N3064 CT pnp,si 40 400 200 p ok *110 100 .01 - 46
2N3065 CT pnp,si 40 400 200 23 110 100 .01 - 46
2N3580 SSD pnp,EP *40 400 200 2.28 60 30 0.05 80 46
A306 AMP npn,PL,si 40 360 200 2 25 - .01 100 18
A2l
BCY1l1 AMP pnp,AJ,si 40 310 150 2.5 60 500 0.1 Ly 1
BCY12 AMP pnp,AJ,si 40 310 150 2.5 32 500 0.1 1.5 1
MES00 AMP npn,PL,si 40 360 200 2 *40 - 01 100 18
SFT325 NUC pnp,ge *40 . 500 85 - *2 500 30 - 1
2N480A TR npn,PL,si 40-100 200 175 12 45 25 2h 20 5 GE
(see pages 4-9 for explanation of company abbreviations.)
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Audio (continued)

MAX. RATINGS CHARACTERISTICS
h ¢ f
Cross . T, % CEO ae Package
Index Type ““ Pc (nl ) o VCBO ‘C ICO i"‘l’ Outline
Key No. M. Type *hee (mW) ¢! |mw/%c| V) | (mA) | (uA) (MHz) | (10-) Remarks
2N2043 MO pnp,AJ,ge *40-100 200 100 2.67 105 200 10 0.75 5 Tl
2N2043A MO pnp,AJ,ge *40-100 200 100 2.67 105 200 10 0.75 5 Tl
2N659 Tl pnp,A),ge © *40-110 250 100 6.66 12 1000 6 - 5
2N2244 NA npn,DM,si 40-120 500 200 A5 20 100 01 - 18 Low Level
2N2247 NA npn, DM, si 40-120 500 200 2.5 45 100 01 - 18 Low Level
A22
: 2N2250 NA npn, DM, si 40-120 500 200 2.5 20 100 .01 - 18 Low Noise, CDC
2N2253 NA npn,DM,si 40-120 500 200 1.5 45 100 .01 - 18 Low Noise, CDC, AMP
2N4030 FA pnp,PE,si 40-120 800 200 22.8 60 - 2 100 5
2N4031 FA pnp,PE,si 40-120 800 200 22.8 80 - 2 150
NS-732 NA npn, DM, si 40-125 400 175 2.5 15 100 1 - 18 Industrial Type
NS-734 NA npn, DM, si 40-125 400 175 2.5 30 100 1 - 18 Industrial Type
2N1192 MO pnp,AJ,ge 40-135 200 100 2.67 *40 200 15 - 5 Tl
2N3691 FA npn,PL,si *40-160 625 150 2 35 50 05 *200 - RO97A package, CDC
0C79 AMP pnp,PADT,ge 2 0.55 15 1.2 *26 0.3 10 1.2 1
2N104 RCA pnp,AJ,ge 44 150 70 - *30 50 10 0.7 40
A23
2N215 RCA pnp,AJ,ge 44 150 70 - *30 50 10 0.7 1
2N3709 Tl npn,PE,si *45-165 250 125 2.5 30 30 0.1 - i 1Plastic
MPS3709 MO npn, EPsi *45-165 310 135 2.81 30 30 0.1 - 92
2N3708 Tl npn,PE,si *45-660 250 125 2.5 30 30 0.1 - t tPlastic
MPS3708 MO npn,EP,si *45-660 310 135 2.81 30 30 0.1 - 92
2N280 AMP pnp,A),ge 47 125 75 2.5 30 10 150 0.1 = Special Case
OC7IN AMP pnp,AJ,ge 4 110 75 0.45 30 10 - - 1
2N119 Tl npn,si 49 150 175 1,19 *45 25 1 - - TR
2N335 Tl npn,si 19 150 175 1 *45 25 2 - 5 GE, TR
2N1152 Tl npn,si 9 150 175 1 *45 25 2 - - TR
A2
2N917 FA npn,DP si 50 300 200 L7l 15 - 0.0005 *800 18 TI, RCA, AL, TRWS
2N918 FA npn,PE,si *50 300 200 171 15 50 0.002 *900 18 MO, TI, RCA, AL, TRWS
2N1443 NA pnp,A,si 50 400 200 2.25 15 100 025 - 5 GT
2N2616 FA npn,PE,si *50 800 200 4.56 15 50 0.002 *900 18 AL
2N27129 FA npn,PE,si *50 800 200 4.56 15 50 0.002 900 18 AL
2N3581 SSD pnp,EP *50 400 200 2.28 40 30 0.02 30 46
A569 AMP npn,PL,si *50 300 175 2 *20 - .01 100 18 Chopper, aVoff, =50V
A570 AMP npn,PL,si *50 300 175 2 *20 - 0.1 100 18 Chopper, Voff,=100.V
A1341 AL npn,si *50 200 150 - 575 - .010 - 18
;i BC410 AMP pnp,AJ,si 50 310 150 25 32 500 | 0.1 1.5 1
25
ME216 AMP npn,PL,si 50 360 200 2 *20 - 5 100 18
NS-661 NA pnp,A, si 50 400 175 25 30 100 il - 5 Industrial Type
NS-665 NA pnp,A,si S 150 175 1 30 100 1 - 18 Industrial Type
2N214 SY npn,AL ge *50-100 180 85 - *40 100 50 .01 22
2N1059 sY npn,AL,ge *50-100 180 85 - *20 100 20 .10 22
2N651 MO pnp,AJ,ge 50-120 200 100 2.67 *45 500 10 - 5 Tl
2N651A MO pnp,AJ,ge 50-120 200 100 2.67 *45 500 10 - 5 il
2N1187 MO pnp,AJ,ge 50-120 200 100 2.67 *60 500 10 2 5
MA882 MO pnp,AJ,ge 50-120 200 100 2.67 *60 500 10 1.0 5 tfab
MA887 MO pnp,AJ,ge 50-120 200 100 2.67 *50 500 15 1.0 5 tfab
A2 :
2N654 MO pnp,AJ,ge 50-125 200 100 2.67 *30 250 15 - 5
2N2706 MO pnp,AJ,ge 50-150 200 100 2.66 *25 400 10 13 5 tfab
PA1001 AL npn,DP,si *50- 150 - 200 2 *60 - .010 - 18
40232 RCA npn,P,si 50-180 500 175 .33 18 100 0.25 *60 -
BC 122 SA npn,PE,si 50-400 75 125 5.0 20 50 0.01 250 -
2N565 Gl pnp,AJ,ge 55 150 85 25 *30 300 5 1 -
2N566 Gl pnp,AJ,ge 55 120 85 2.0 *30 300 5 1 5 IND
N2717 GE npn,PL,si 55 200 100 2.67 - 100 0.5 - 18
0C58 AMP pnp,AJ,ge 55 20 75 1.5 7 b 1.5 1.6 - Sub min case
2N3394 GE npn,PL,si *55-110 200 100 2.67 25 100 0.1 - 98 Epoxy case
A2l
MPS3394 MO npn,EP,si *55-110 310 135 2.81 25 100 0.1 - 92
MPS3397 MO npn,EP,si *55-500 310 135 2.81 25 100 0.1 - 92
MPS3398 MO npn,EP,si *55-800 310 135 2.81 25 100 0.1 - 92
2N169 GE npn,GR,ge *60 65 85 1.1 15 20 - 8
2N449 GE npn,GR, ge *60 65 85 1.1 15 20 - 8 -
2N736A Tl npn,si 60 500 175 3.33 60 100 0.5 18 TR
2N929 Tl npn,si 60 300 175 2 45 30 0.01 - 18 FA,GI, TR, AL, SPR,UC, MO
2N957 FA npn,DD,si *60 800 150 6.5 20 - 1.0 250 18 TRWS, AMP
2N1097 GE pnp,AJ,ge *60 175 - 2.9 *16 200 16 - 5
2N1098 GE pnp,AJ,ge *60 175 - 29 *16 200 16 - 5
A28
2N1121 GE npn,GR,ge *60 65 85 1.1 15 20 - 8 =
2N1376 Tl pnp,ge 60 250 100 3.3 25 200 7 - 5
2N1377 Tl pnp,ge 60 250 100 3.3 *45 200 7 - 5
2N1414 GE pnp,AJ,ge *60 200 85 3.33 *35 200 12 - 5
2N1566A Tl npn,si 60 600 175 4 60 100 0.1 - 5

(see pages 4-9 for explanation of company abbreviations.)
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Audio (continued)

MAX. RATINGS CHARACTERISTICS
¥ f
Cross h ) = CEO ae Package
Index Type *hk i (OJ ) i VCBO Ie fis *r Outline
Key No. Mfr. Type FE (mW) mW/°C "ol (mA) (1A) (MHz) | (10-) Remarks
NZ387 Tl npn, st 60 300 175 7 7 0 | 0.0l = 50
2N2600A SSD pnp,EP *60 400 200 2.28 100 30 0.025 80 46
BCZ10 AMP pnp,AJ,si 60 250 150 2 25’ 50 0.1 1 1
BCZ11 AMP pnp,AJ,si 60 250 150 2 25 50 0.1 3 1 »
0C60 AMP pnp,AJ,ge 60 20 75 15 7 5 J=h 1.6 - Sub min case
A
2 $15660 FA npn,DPE,si *60 600 200 3.42 *40 1000 | - 650 - RO83 package
SFT323 NUC pnp,ge *60 200 85 - *24 250 15 - 1
SFT353 NUC pnp,ge 60 200 85 - *24 150 15 - 1
2N3858 GE npn,PEP,si *60-120 200 100 2.67 30 100 0.5 - 98
2N3858A GE npn,PEP,si *60-120 200 100 267 | , 60 100 | 0.1 - 98
2N660 Tl pnp,AJ,ge *60-150 250 100 6.66 12 1000 | 6 - 5
2N3721 GE npn,PL,si 60660 200 100 2.67 18 100 0.5 - 98
MPS3721 MO npn,EP,si 60-660 310 135 2.81 18 100 0.5 - 92
2N2430 AMP npn,ge *63 360 90 3.3 32 30 - - 1
2N175 RCA pnp,AJge 65 20 71 - *10 2 12 .85 40
A3
2N220 RCA pnp,AJ,ge 65 20 71 - *10 2 12 0.85 1
2N407 RCA pnp,AJ,ge *65 150 71 - *20 70 14 - 40
2N408 RCA pnp,AJ,ge *65 150 71 - *20 70 14 - 1 LAN
2N649 RCA pnp,AJ,ge *65 100 71 - 25 50 14 - 1 LAN
2N1924 GE pnp,ge *65 225 85 37 *60 500 10 - 5
2N3062 CT pnp,si 65 400 200 2.3 *90 100 01 - 46
2N3063 CcT pnp, si 65 400 200 2.3 *90 100 01 - 46
BCY40 AMP pnp,AJ,si *68 120 150 2 *32 250 1 .85 5
2N270 RCA pnp,Al,ge *70 250 50 - 275 75 10 1 7
7 2N281 AMP pnp,AJ,ge 70 165 75 3 *32 50 4.5 0.9 1
31
2N282 AMP pnp,AJ,ge 70 165 75 = *32 50 4.5 0.9 1 Matched Pair 2N281's
2N591 RCA pnp,AJ,ge 70 50 71 - 32 20 ] 0.7 1
2N647 RCA pnp,AJ,ge *70 100 71 - 25 50 14 - 1 LAN
2N1592 Tl npn,si 70 125 87.5 2 10 25 1 - - TR
2N1593 Tl npn,si 70 125 87.5 2 2P 25 1 - - TR
2N1594 TI npn,si 70 125 87.5 2 40 25 1 - - TR
2N3128 NA npn,PL,si 70 150 150 1.2 20 100 002 - -
A1109 AL npn,si *70 - 150 - *45 - 10 - 18
2N1175A MO pnp,AJ,ge *70-140 200 100 3.33 35 200 12 - 5
2N1705 MO pnp,AJ,ge 70-150 200 100 2.66 *18 400 10 13 5 tfab
A3
N213 SY npn,AL,ge 70-250 180 ° 85 - *40 100 50 0.1 22
2N1251 N npn,AL,ge *70-250 180 85 - *20 100 20 T 2
2N109 RCA pnp,A),ge 15 150 71 - %25 70 7 1 40 LAN
2N217 RCA pnp,AJ,ge *75 150 71 - 52 70 7 1 1 LAN
2N412 RCA pnp,AJ,ge 75 80 71 = 13 15 10 10 J LAN
2N1378 Tl pnp,ge 75 250 100 33 212 200 i - 5
2N1379 Tl pnp,ge 75 250 100 3:3 ') 200 7 - 5
40253 RCA pnp,AJ,ge *78 650 90 10 *25 500 14 (max) | *1 i
0C74 AMP pnp,AJ,ge 75 0.55 75 .66 20 300 10 1.5 1
2N1431 sy npn,AL,ge *75-150 180 85 - *25 100 20 .01 22
A
o 2N1189 MO pnp,AJ,ge *75-175 200 100 2.67 *45 500 10 - 5
2N2712 GE npn,PL,si *75-225 200 100 2.61 18 100 0.5 - 98 NUC
2N2714 GE npn,PEP,si *75-225 200 100 2.67 18 200 0.5 - 98
2N3402 GE npn,PE,si *75-225 50 150 4.47 25 500 0.1 - 98 Epoxy case, heat clip
2N3404 GE npn,PE,si *75-225 560 150 4.47 50 500 0.1 - 98 Epoxy case, heat clip
2N3414 GE npn,PE,si *75-225 360 150 2.67 25 500 0.1 - 98 Epoxy case
2N3416 GE npn,PE,si *75-225 360 150 2.67 50 500 0.1 - 98 Epoxy case
MPS2712 MO npn,EP,si *75-225 310 135 2.81 18 100 0.5 - 92
MPS2716 MO npn,EP,si *75-225 310 135 2.81 18 25 0.5 - 92
2N336A GE npn, DG, si 76-333 500 175 3.33 45 25 5 - 5 TR
A3
2N760 NA npn, DM, si 76-333 500 200 2.5 45 100 0.2 - 18 TR, GI, AL
2N760A NA npn, DM, si 76-333 500 200 2.5 60 100 0.1 - 18 TR, GI, AL
2N2676 GE npn, DG, si 76-333 250 175 1.66 *60 25 1 - 46
2N661 Tl pnp,AJ,ge *80 250 100 6.66 12 100 [ 6 - 5
2N736 Tl npn,si 80 500 175 3.33 60 “50 1 - 18 TRWS, TR
2N740 Tl npn,si 80 500 175 3.33 80 50 1 - 18 TR, AL
2N1415 GE pnp,AJ,ge *80 200 85 3.3 %35 200 12 - b
2N1566 Tl npn,si 80 600 175 4 60 50 1 - 5 TRWS, TR
2N1574 Tl npn,si 80 600 175 4 80 50 1 - 5 TR
2N3462 AMP npn,si *80 600 200 1.7 35 50 0.07 - 18 Low Noise
A 35
2N3463 AMP npn,si *80 300 200 17 50 50 0.002 - 18 Low Noise
40261 RCA pnp,DR, ge 80 80 85 1.2 *50 10 12 (max)|  *40 1
0C59 AMP pnp,AJ,ge 80 20 1% 118 7 5 155 22 - Sub min case
2N543A TR npn,PL,si 80-200 200 175 1.2 50 25 B 10 5
2N2245 NA npn, DM, si 80-250 500 200 2.5 20 100 .01 - 18 Low Level

(see pages 4-9 for explanation of company abbreviations.)
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Try a new source
for planar 2N2222 & \2N2369 families

If you've been wishing for a new source of
silicon planar general purpose amplifiers or
high speed switches, ITT has now provided
the answer.

ITT is in full production on the popular
2N2222 amplifier family and the 2N2369 high-
speed switching family. You can have the
same transistor performance you’ve been
getting from other suppliers, plus the supplier

FACTORIES IN PALO ALTO. CALIFORNIA; LAWRENCE, MASSACHUSETTS; WEST PALM BEACH, FLORIDA; HARLOW AND

perforfhance you can only get from ITT.

If y@u’re buying silicon planars from either
of thesg families, evaluate the new source.
Order em today . . . get them today . . .
from any distributor of ITT Semiconductors.
ITT Semiconductors, 3301 Electronics Way,
West Palm Beach, Florida, is a division of
the Interfational Telephone and Telegraph
Corporatiah.

SEMICONDUCTORS

ON READER-SERVICE CARD CIRCLE 9

May 17, 1966
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AUd iO (continued)

MAX. RATINGS CHARACTERISTICS
¥
Cross hy T}- *VCEO | | ‘ae Package
Index Type *he Pg (52 & CBO c co *t1 Outline

Key No. Mfr. Type FE (mW) C' [ mW/7C| (V) [(mA) (1A) (MHz) | (T0-) Remarks
2N2248 NA npn,DM,si 80-250 500 200 2.5 45 100 .01 - 18 Low Level
2N2251 NA npn,DM, si 80-250 500 200 23 20 100 .01 - 18 Low Noise, CDC
2N2254 NA npn, DM, si 80-250 500 200 25 45 100 .01 - 18 Low Noise
2N2715 GE npn,PL,si 82 200 100 2.67 *18-18| 100 0.5 - 18 IEC, GME
2N3060 CT pnp,si 85 400 200 2:3 *70 100 .005 - 46

A 36

: 2N1144 GE pnp,AJ,ge *90 175 85 ) *16 200 16 - -

2N1145 GE | pnp,AJ,ge *90 175 85 2.9 *16 200 16 - -
2N1925 GE | pnp,ge *90 225 85 &) *60 500 10 5
2N2431 AMP | pnp,ge *90 1000 75 33 *32 1000{ 10 1.7 1
2N3058 cT pnp, si 90 400 200 23 6 100 .0001 - 46
0C75N AMP pnp,AJ,ge 90 110 75 0.45 30 10 - - 1
2N2923 GE npn,PL,si 90-180 200 100 2.67 25 100 0.5 - 98 IEC, GME
2N3393 GE npn,PL,si *90-180 200 100 267 25 100 0.1 - 98 Epoxy case, GME
MP$3393 MO npn,EP,si *90-180 310 135 2.81 25 100 0.1 - 92
40231 RCA npn,P,si 90-300 500 175 .33 18 100 0.5 *60 -

A37
40233 RCA npn, Fsi 90-300 500 175 33 18 100 0.5 *60 -
2N3710 Tl npn,PE,si *90-330 250 125 2.5 30 30 0.1 - t tPlastic
MPS3710 MO npn,EP si *90-330 310 135 2.81 30 30 0.1 - 92
MPS3396 MO npn,EP,si *90-500 310 135 2.81 25 100 0.1 - 92
2N120 Tl npn,si 99 150 175 1 *45 25 2 - - TR
2N336 Tl npn,si 99 150 175 1 *45 25 2 - 5 GE, TR
2N1153 Tl npn,si 9 150 175 1 *45 25 2 - - TR
2N567 Gl pnp,AJ,ge 100 150 85 2.5 *30 300 5.0 1.5 -
2N568 Gl pnp,AJ,ge 100 120 85 2.0 *30 300 5.0 1.5 5 IND
2N3130 NA npn,PL,si 100 150 150 122 60 100 .002 - -

A 38
2N3582 SSD pnp,EP *100 400 200 2.28 40 30 0.02 30 46
A307 AVWP npn,PL,si 100 360 200 2 *25 - .01 100 18
ME213 AMP npn,PL,si 100 360 200 2 *45 - i1 100 18
ME217 AMP npn,PL,si 100 360 200 2 *20 - &) 100 18
ME900A AMP npn,PL,si 100 360 200 2 *40 - .01 100 18
ME901 AMP npn,PL,si 100 360 200 2 *40 - .01 100 18
MES01A AMP npn,PL,si 100 360 200 2 *40 - .01 100 18
2N508A MO pnp,AJ,ge *100-200 200 100 3.33 *30 200 7 - 5
2N3859 GE npn,PEP,si *100-200 200 100 2.67 30 100 0.5 - 98
2N3859A GE npn,PEP,si 100-200 200 100 2.67 60 100 0.1 - 98

A39
2N652 MO pnp,AJ,ge 100-225 200 100 2,67 *45 500 10 - 5 Tl
2N652A MO pnp,AJ,ge 100-225 200 100 2.67 *45 500 10 - 5 Tl
2N1188 MO pnp,AJ,ge 100-225 200 100 2.67 *60 500 10 - 5
MA883 MO pnp,AJ,ge 100-225 200 100 2.67 *60 500 10 1.25 5 tfab
MAB88 MO pnp,AJ,ge 100-225 200 100 2.67 *50 500 15 +1.25 5 tfab
2N213A SY npn,AL,ge 100-250 180 85 - *40 100 50 0.1 22
2N655 MO pnp,AJ,ge 100-250 200 100 2.67 *30 250 15 - Y Tl
2N1193 MO pnp,AJ ge 100-250 200 100 2.67 *40 200 15 - 5 Tl
2N4032 FA pnp,PE,si 100-300 800 200 22.8 60 - 7 100 -
2N4033 FA pnp,PE,si 100-300 800 200 22.8 80 - 2 150 -

A0
PA1000 AL npn,DP,si *100-300 - 200 2 *30 - .010 - 18
2N3692 FA npn,PL,si *100- 400 625 150 2 *35 50 .05 *200 - RO97A package, CDC
2N3707 Tl npn,PE si *100-400 250 125 2.5 30 30 0.1 tPlastic
MPS3707 MO npn,EP,si *100-400 310 135 2.81 30 30 0.1 - 92
2N2716 GE npn,PL,si 110 200 100 2.67 - 100 0.5 - 18 NUC, 1EC, GME
40329 RCA pnp,AJ,ge 120 125 100 2.8 x25 100 14 (max 128 1
2N2171 MO pnp,AJ,ge 120-310 500 100 6.7 *50 400 10 F-5 5 tfab
2N1926 GE pnp,ge il s ! 85 3.7 *60 500 10 - - 5
2N1190 MO pnp,AJ,ge *125-300 200 100 2.67 *45 500 10 5

5 BC 107 SA npn,PE,si *125-500 260 175 5.0 45 100 0.0007 150 18

41

2N2903 AL npn,DP,si *125-625 600 200 35 *60 - .010 - 5 Dual
2N2903A AL npn,DP,si *125-625 600 200 3.5 *60 - .010 - 5 Dual
IN2428 AMP pnp,ge 130 500 78 0.3 32 100 - 1.7 1
AC 163 SA pnp,AJ,ge *130 900 90 20 24 200 10 23 il
2N2706 AMP pnp,AJ,ge 115 500 90 0.37 *52 200 - 4.8 1
2N2707 AMP ge *135 500 90 0.37 #32 200 - 2:5 1 Matched NPN, PNP Pair
AF 127 SA pnp,AD, ge 140 60 75 2.5 32 10 1.2 75 18
2N569 Gl pnp,AJ,ge 150 150 85 28 30 300 5 2 -
2N570 Gl pnp,AJ,ge 150 120 85 2.0 *30 300 5 2 5 IND
2N930 Tl npn,si 130 300 175 2 15 30 0.01 - 18 FA, GI, TR,NUC, SPR, UC, MO

A 42
2N2388 Tl npn,si 150 300 175 2 45 30 0.01 - 50
2N2586 Tl npn,si 150 300 175 2 45 30 0.002 - 18 AMP, FA, AL, UC
2N3129 NA npn,PL,si 150 150 150 152 45 100 .002 - -
40262 RCA pnp,DR,ge 150 80 85 1.2 *50 10 12 (max *30 1
AC172 AMP npn,AJ,ge 150 280 75 2.7 32 200 10 - 1

28

(see pages 4-9 for explanation of company abbreviations.)
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After 130,000,000 diodes

|

T,

ﬁ'!

1-amp glass rectifiers come easy

The basic technology required for making
silicon glass rectifiers has long since been
proved out in ITT’s diode operation. More
than 130,000,000 diodes last year paved the
way for 1966 1-amp glass rectifier capability
that’s already operating at better than a 1.2
million annual rate.

If you’re using old-fashioned top-hats
because delivery is slow on DO-29 glass
rectifiers, make the switch now.

ITT offers immediate shipment of 200 to
1000 V, 1-amp glass rectifiers from factory
stock or from ITT distributors’ shelves. See
how fast silicon glass rectifier delivery can
be — call your ITT factory representative
or any of ITT’s semiconductor distributors
throughout the United States today. ITT
Semiconductors, a division of International
Telephone and Telegraph Corporation, 3301
Electronics Way, West Palm Beach, Florida.

SEMICONDUCTORS

FACTORIES IN PALO ALTO, CALIFORNIA; LAWRENCE, MASSACHUSETTS; WEST PALM BEACH, FLORIDA; HARLOW ‘AND FOOTSCRAY. ENGLAND. FREIBURG AND NURENBERG. GERMANY
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Audio (continued)

MAX. RATINGS CHARACTERISTICS
\ f
Cross hy T}. "VCEO | | ae Package
index | Type A P e .| ceo| ‘e co *r | Outline
Key No. Mfr. Type FE (mW) (o mW/°C| (V) | (mA) (+A) (MHz) | (T0-) Remarks
2N2924 GE npn,PL,si 150-300 200 100 2.67 25 100 0.5 - 98 IEC, GME
2N3392 GE npn,PL,si *150-300 200 100 2.67 25 100 0.1 - 98 Epoxy case, GME
2N3860 GE npn,PEP,si *150-300 200 100 267 30 100 05 - 98
2N4086 GE npn,PL,si *150-300 200 100 2.67 12 100 0.1 - 98
MPS3392 MO npn,EP,si *150-300 310 135 2.81 25 100 0.1 - 92
A3
2N2246 NA npn, DM, si 150-450 500 200 2.5 2 100 .01 - 18 Low Level
2N2249 NA npn,DM,si 150-450 500 200 25 45 100 .01 - 18 Low Level
2N2252 NA npn, DM, si 150-450 500 200 2.5 20 100 .01 - 18 Low Noise, CDC, AMP
2N2255 NA npn, DM, si 150-450 500 200 %5 45 100 .01 - 18 Low Noise
MPS3395 MO npn,EP,si *150-500 310 135 2.81 25 100 0.1 - 92
2N2453 AL npn,DP,si *150-600 600 200 114 *60 9 .005 - 9 Dual
2N2453A AL npn,DP si *150-600 600 200 1.14 *80 9 .005 - 5 Dual
2N3061 CT pnp,si 155 400 200 23 *70 100 .005 - 46
2N2613 RCA pnp,AJ,ge 160 120 100 - *30 50 ) 10 1
2N3241 RCA npn,PL,si 175 500 175 - 25 100 0.1 60 - HT
Ad4
2N3242 RCA npn,PL,si 175 500 175 - 25 200 0.01 60 - T
2N3403 GE npn,PE,si *180-540 560 150 4.47 25 500 0.1 - 98 Epoxy case, heat clip
2N3405 GE npn,PE,si *180-540 560 150 4.47 50 500 0.1 - 98 Epoxy case, heat clip
2N3415 GE npn,PE si *180-540 360 150 2.67 25 500 0.1 - 98 Epoxy case
2N3417 GE npn,PE,si *180-540 360 150 2.67 50 500 0.1 - 98 Epoxy case, heat clip
2N3711 Tl npn,PE,si *180-660 250 125 2.5 30 30 0.1 - t tPlastic
MPS3711 MO npn,EP,si *180-660 310 135 2811 30 30 0.1 - 92
2N1185 MO pnp,AJ,ge 190-400 200 100 2.67 *45 500 10 - 5
MA884 MO pnp,AJ,ge 190-400 200 100 2.67 *60 500 10 t1.75 5 tfab
0 MA889 MO pnp,AJ,ge 190-400 200 100 2.67 *50 500 15 t1.75 5 tfab
4
2N1194 MO pnp,AJ,ge 190-500 200 100 2.67 *40 200 15 - 5 Tl
2N1086 GE npn,GR, ge 195 65 85 ki 9 20 - 8 -
2N1086A GE npn,GR,ge 195 65 85 1.1 9 20 - 8 -
2N1087 GE npn,GR,ge 195 65 85 1.1 9 20 - 8 -
2N571 Gl pnp,AJ,ge 200 150 85 2.5 *30 300 b 3 -
N572 Gl pnp,AJ,ge 200 120 85 2.0 *30 300 3 5 IND
2N2614 RCA pnp,AJ,ge 200 120 100 - *40 50 10 1
2N3059 or pnp, si 200 400 200 2.3 6 100 .0001 - 46
2N3427 (o] pnp,AJ,ge 200-500 200 100 2.67 *45 500 3.0 6.0 5
MA1703 MO pnp,AJ,ge 200-500 200 100 2.67 *25 500 3.0 3.0 5 tfab
A%
MA1706 MO pnp,AJ,ge 200-500 200 100 2.61 #15 500 15 3.0 5 tfab
2N2429 AMP pnp,ge 220 500 75 3.3 32 100 - 23 1
2N2925 GE npn,PL,si 235-470 200 100 2.67 25 100 0.5 - 98 IEC, GME
DI6E7 GE npn,PEP,si *235-470 200 100 2.67 18 100 0.5 - 98
DI6E9 GE npn,PEP si *235-470 200 100 2.67 25 100 0.5 - 9
ME495 AMP npn,PL,si *250 360 200 2 *40 - 1 - 18
2N3900A GE npn,PL,si 250-500 200 100 2.67 18 100 0.1 - 98 5 dB(max nf)
2N3391 GE npn,PL,si *250- 500 200 100 2.67 25 100 0.1 - 98 Economy — Epoxy, NUC, IEC, GME
2N3391A GE npn,PL,si *250-500 200 100 2.67 25 100 0.1 - 98 5 dB(max nf), GME
2N3900 GE npn,PL,si *250-500 200 100 2.67 18 100 0.1 ~ 98
A 47 .
2N4087 GE npn,PL,si 250-500 200 100 2.67 12 100 0.1 - 98
2N4087A GE npn,PL,si 250-500 200 100 2.61 12 100 0.1 - 98 5 dB(max nf)
ME213A AMP npn,PL,si 300 360 200 2 45 - J 100 18
2N2953 RCA pnp,AJ,ge 350 120 100 - *30 150 5 10 1
2N4017 FA pnp,DPE,si *350 600 200 3.4 *80 200 10 5.5 - RO52A package, Dual pnp
2N3428 (0] pnp,AJ,ge 350-800 200 100 2.61 *45 500 3.0 8.0 5
MA1704 MO pnp,AJ,ge 350-800 200 100 2.67 75 500 3.0 5.0 5 tfab
MA1707 MO pnp,AJ,ge 350-800 200 100 2.67 B 500 15 14.0 5 tfab
2N3078 AMP npn,PL,si 360 360 200 2.06 *80 50 .01 - 18 TR
2N3390 GE npn,PL,si *400-800 200 100 2.67 25 100 0.1 - 98 Economy — Epoxy, NUC, IEC, GME
A48
2N4018 FA pnp,DPE,si *500 600 200 3.4 *60 200 10 7.0 - RO52A package, Dual pnp
2N4019 FA pnp,DPE si *500 600 200 34 *45 200 10 7.0 - RO52A package, Dual pnp
MA1702 MO pnp,AJ,ge 500 200 100 2.67 *45 500 3.0 7.0 5 tfab
MA1705 MO pnp,AJ,ge 500 200 100 2.67 25 500 3.0 6.0 5 tfab
MA1708 MO pnp,AJ,ge 500 200 100 2.67 15 500 15 5.0 5 tfab
2N3077 AMP npn,PL,si 600 360 200 2.06 *80 50 .01 - 18 TR
A520/A521|  AMP npn,PL,si 600 300 200 1572 80 50 .005 60 5 6 lead diff amp
$15650 FA npn,DPE si *600 200 125 5 25 - .050 40 - RO110 package
2N3395 GE npn,PL,si 800 200 125 (3161128 100 0.1 - t Economy — Epoxy, GME, 1EC
2 2N3396 GE npn,PL,si 800 200 125 9;379] 025 100 A - it Economy — Epoxy, GME, IEC
49
2N3397 GE npn,PL,si 800 200 125 0375 25 100 0.1 - t Economy — Epoxy, GME, IEC
2N3398 GE npn,PL,si 1250 200 125 0.375| 25 100 0.1 - t Economy — Epoxy, GME, IEC
2N2785 GE npn,PL,si 2000 1800 200 10 40 500 10 - 5 SPR
2N997 Tl npn,si *7000 500 175 3.3 40 300 0.01 = 18 (Darlington) ,FA, SPR
2N35 - pnp,AS, ge - 50 - - a5 - - - - SY, Gl

30

(see pages 4-9 for explanation of company abbreviations.)
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Why ITT wet tantalum
capacitors can’t leak

Every ITT Red Cap®© wet tantalum capacitor gets a “total
stress” seal that, unlike the ordinary single-crimp seal,
positively prevents electrolyte leakage. To accomplish
this, ITT inserts a teflon end seal, then spins down the
open end of the can until end seal, anode and insulating
washer are under a predetermined compressive force.
Seal integrity is further insured by the addition of an
epoxy end fill. Since the epoxy’s expansion coefficient
is less than that of the can, temperature cycling cannot
relax the spun seal. v :
If you're tired of electrolyte leaks and the problems
that go with them, here's an easy solution. Order the
ones that can't leak — the Red Caps®© — from your ITT
Capacitor distributor or from ITT Semiconductors, a
division of International Telephone and Telegraph Corpo-
ration, 3301 Electronics Way, West Palm Beach, Florida.

SEMICONDUCTORS

FACTORIES IN PALO ALTO, CALIFORNIA: LAWRENCE, MASSACHUSETTS: WEST PALM BEACH, FLORIDA: HARLOW AND FOOTSCRAY. ENGLAND: FREIBURG AND NURENBERG. GERMANY.
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AUdiO (continued)

MAX. RATINGS CHARACTERISTICS
% f
Cross hy Tj "VCEO | | a8 Package
Index Type % e P< 6] o CBO c co f Outline

Key No. Mér. Type heg (mW) C mW/°C| (V) | (mA) (1A) (MHz) [ (T0-) Remarks
2N331 pnp,AJ,ge - 200 71 - *30 - 16 - 5 MG, GI, IND
2N1392 Gl pnp,ge - 50 - 0.8 *20 - 8.0 - -
2N1393 Gl pnp,ge - 50 - 0.8 *20 - 8.0 - -
2N4020 FA pnp,DPE si - 600 200 2.3 *45 200 10 160 - RO52A package, Dual pnp
2N4021 FA pnp,DPE, si - 600 200 2.3 *45 200 10 160 - RO52A package, Dual pnp

A50

; 2N4022 FA pnp,DPE,si - 600 200 2.3 15 200 10 160 - RO52A package, Dual pnp

2N4023 FA pnp,DPE,si - 600 200 2.3 45 200 10 160 - RO52A package, Dual pnp
2N4024 FA pnp,DPE,si - 600 200 2.3 45 200 10 160 - RO52A package, Dual pnp
2N4025 FA pnp,DPE,si - 600 200 23 45 200 10 160 - RO52A package, Dual pnp
FT4020 FA pnp,DPE,si - 500 200 2.8 45 200 10 0.7 - Dual pnp
FT4021 FA pnp,DPE si - 500 200 2.8 60 200 10 0.55 - Dual pnp
FT4022 FA pnp, DPE,si - 500 200 2.8 60 200 10 0.7 - Dual pnp
FT4023 FA pnp,DPE, si - 500 200 2.8 45 200 10 0.7 - Dual pnp
FT4024 FA pnp,DPE, si - 500 200 2.8 60 200 10 0.55 - Dual pnp

AB1 FT4025 FA pnp, DPE si - 500 200 2.8 60 200 10 0.7 - Dual pnp
ME209 AMP npn, PE, si - 300 175 2 *10 - .002 - 18 Chopper, Voff=250nV
ME214 AMP npn,PE, si = 300 175 2 *45 - .002 - 18 Chopper, Voff=500nV
SP10801 FA npn,DP,si - 350 200 2 *45 - - - 89
SP10810 FA pnp,DPE  si - 350 200 ? *20 - - - 89
SP10811 FA pnp,DPE,si - 350 200 2 *20 - - 100 89

(see pages 4-9 for explanation of company abbreviations.)

Late-arrivals . . .

The following bipolar transistor families, manufactured by General Instrument, are
epoxy encapsulated units (TO-18 cans) similar or equivalent in characteristics to their
metal-can counterparts (for detailed information on device properties use the literature
offering form and reader-service card, p. 4):

Audio and general purpose
2N2711 - 2N2716 2N3390 - 2N3398

32

2N2721 - 2N2726

High-frequency

2N3563 - 2N3566
2N3605 - 2N3607
2N3638 - 2N3645

High-level switching

2N4140 - 2N4143 (similar to 2N2221, 2N2222, 2N2906, 2N2907)

2N3414 - 2N3416

2N3702 - 2N3711
2N3900 - 2N3905
2N3983 - 2N3985

2N4227 - 2N4228 (direct equivalents of metal-can types)

ELECTRONIC DESIGN
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NEW contact/ess meter relays (472

Utter reliability. .. utter simplicity. Completely
fail-safe circuitry insures 1009, reliability. No limita-
tion on pointer travel due to mechanical contacts.
Model 3324XA meter relays are CONTACTLESS.
An infinite life lamp and photo-conductors do the
sensing. Solid state switching circuit and relay
(10 amp, DPDT, 115 VAC) are contained internally
on single control point units. Double control point
models also available. Control point indication is
within 29, of actual switching. Available
THROUGH DISTRIBUTORS in ranges shown.

| Approx. :’ Single Control | Double Control
| Ohms (at. No. ’ Price [Cat. No. | Price

DC Microammeters
0-50 | 3000
0-100 1300 (16452
0-200 570 }16453
0-500 220 i16454
DC Milliammeter |

0-1 |16455
DC Millivoltmeter [
0-50

A
|
) |

| RANGE

$99.00
| 96.15
| 96.15
| 96.15

16451 16470
| 16471
| 16472

| 16473

$136.35
133.65
| 133.50
133.50

|
80 | 95.10 |16474 | 132.45

10 [16460 |63.60 | 16480 | 137.25

solutions to tough
meter applications

INSTRUMENTS THAT STAY ACCURATE
1 |

ro

ire edqg

Takes only half the space of a 215" Edgewise meter
with little sacrifice in scale length. Movement is
self-shielded. DC accuracy is £+ 29, (F.S.); AC
(rectifier type), &= 39, (F.S.) at 25°, 60 cycle sine
wave. Dustproof case. Meter comes complete with
bezel and mounting hardware. 20 Ranges are
STOCKED (see sampling below). Contact your
ELECTRONIC DISTRIBUTOR about Model 1521.

Cat.
No.

Approx.

Ohms Price

RANGE

DC Voltometers
0-150

DC Milliammeters
0-100

DC Millivoltmeters
0-50

DC Microammeters
0-25

AC Voltmeters
0-150

1000 o/v 10358 $15.45

1.35 6817 15.90

10 0713 16.20

3150 4552 23.40

1000 o/v 10415 20.10

For Complete Details, Request Bulletin 2073 and Meter Relay Reprint Article.

SIMPSON ELECTRIC COMPANY

5202 W. Kinzie Street, Chicago, I11.60644 « Phone: 312-379-1121

Export Dept.: 400 W. Madison Street, Chicago, Ill. 60606 « Cable, Amergaco

®

In Canada:
In India:

Bach-Simpson Ltd., London, Ontario

Ruttonsha-Simpson Private Ltd., International House,
Bombay-Agra Road, Vikhroli, Bombay

ON READER-SERVICE CARD CIRCLE 12
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High-Frequency

Includes types ranging up to and above the vhf
range. Listed in order of increasing f« or f.

MAX. RATINGS CHARACTERISTICS
|
f % 2 Cco
Crass *‘ae b T *VCEO | hfe |CEO *goe Package
Index Type . T c OJ a CBO C h HCEX ob | Outline
Key No. Mir. Type (MHz) | (m¥) (°c) |mW/°c| (V) (mA) FE (1A) (pF) | (T0-) Remarks
2N2709 RA pnp, si 0.05 250 160 | 1.85 35 50 *10 1 *110 5
2N444 Gl npn,AJ,ge 1 100 85 1.67 215 - 10 6 *16 5 Tl, ETC
HF 1 2N444A Gl npn,AJ,ge 1 150 100| 2 235 - 15 4 *14 5 Tl, ETC
2N3296 Mo npn,E,si - W 175 40 *60 700 *5-50 0.1 *20 - Special ceramic stud-mount
2N3297 MO npn, E,si ] 25W 175| 167 *60 1.52 *2.5-35 1.0 *60 3
2N94 sY npn,AL,ge 2 150 100 - *20 100 *10-80 30 9 22 ETC
2N233 SY npn, AL, ge 2 150 85 - *10 100 10 - 7 22 ETC
2N233A sY npn,AL,ge Z 150 85 - *10 100 *10 - 7 22 ETC
2N445 Gl npn,AJ,ge 2 100 85 1.67 15 - 20 6 *16 5 Tl, ETC
2N445A Gl npn,AJ,ge 2 150 10| 2.0 S - 35 4 *14 5 Tl
HF 2
2N515 SY npn,AL,ge 2 150 85 - *18 100 *10-50 50 8 22
2N516 SY npn,AL,ge 2 150 85 - *18 100 *15-75 50 8 22
2N3295 MO npn, E si 2 W 17517133 *60 250 *20-60 0.1 *8 5
2N1391 Gl fipn,AJ,ge 3 150 10| 2 *25 - *40-160 4 *20 5
2N2946 CcT pnp, PE, si 3 400 200 2.4 *40 100 *30-150 0.0005| *10 46 SPR
SFT337 NUC| pnp,ge 3 150 80 - o5 100 60 2.5 - 1
2N212 sY npn,AL,ge 4 150 85 - *18 100 *10-30 30 7 22
2N517 sY npn,AL,ge 4 150 85 - *18 100 *20-100 50 8 22
2N1058 SY npn,AL,ge 4 50 75 - *18 50 *10-23 50 d 22
HF 3 2N139 RCA | pnp,Al,ge 4.7 80 70 - *16 15 48 6 - 40
2N218 RCA | pnp,Al,ge 4.7 80 70 - *16 15 48 6 - 1
IN94A SY npn,AL,ge 5 150 100 - *20 100 *7-21 30 9 22
2N211 sY npn,AL,ge 5 150 85 - *18 100 *20-100 30 7 22
2N446 Gl npn,AJ,ge 5 100 85 1.67 *]5 - 30 6.0 *16 5 Tl
2N446A Gl npn,AJ,ge 5 150 100 2 %25 - 60 4.0 *14 5 Tl
2N1090 RCA | npn,A),ge 5 120 85 - I 400 *30 8 *25 5 Gl
2N2945 SPR | pnp,PE,si *5 400 200 2.4 ) 100 *40-250 0.0002| *10 46
FK3962 FA pnp,DP,si 5.5 175 200 2 60 50 3 - *6 - Hermet package
FV3962 FA pnp,DP,si 55 175 200 2 60 50 *300 - *6 51
i 2N2276 SPR | pnp,AT,si *8 150 140 1.3 *15 50 *15 0.003 *6.0 *18 Matched Pair 2N227
2N2217 SPR | pnp,SP,si *6 150 140( 1.3 #15 *15 0.003 *6.0 18 Matched Pair 2N2276
3N90 SPR | pnp,PE,si *6 300 200( 17 30 20 - 0.01 8 18 Duet, Voff <50u V
3N91 SPR | pnp,PE,si *6 300 200( 1.7 30 20 - 0.01 8 18 Duet, Voff <100, V
3N92 SPR | pnp,PE,si 6 300 200( 17 30 20 - 0.01 8 18 Duet, Voff <200u V
3N93 SPR | pnp,PE,si *6 300 200 17 50 20 - 0.01 8 18 Duet, Voff < 50uV
3N94 SPR | pnp,PE,si *6 300 2000 17 50 20 - 0.01 8 18 Duet, Voff < 100u V
3N95 SPR | pnp,PE,si *6 300 2000 17 50 20 - 0.01 8 18 Duet, Voff <200V
3N112 SPR | pnp,PE, si *6 200 2000 1.1 *50 20 15 .010 *10 90 Dual
3N113 SPR | pnp,PE,si *6 200 200 1.1 *50 20 3eh .010 *10 90 Dual
2N409 RCA | pnp,Al,ge 6.7 80 7 - k] 15 48 10 - 40
HF 5
2N410 RCA | pnp,AJ,ge 6.7 80 71 - *13 15 48 10 - 2 LAN
FK3964 FA pnp,DP,si 7 175 20| 2 45 50 *500 - *6 - Hermet package
FV3964 FA pnp,DP,si 7 175 200 2 45 50 *500 - *6 51
SA-313 SPR | pnp,SP,si " 150 140 13 20 50 *6 0.01 6 5 Symmetrical
SA-314 SPR | pnp,SP,si *7 150 140 13 15 50 *8 0.02 6 5 Symmetrical
SA-316 SPR | pnp,SP,si ol 150 140 13 10 50 *10 0.003 6 5 Symmetrical
SA-413 SPR | pnp,SP,si .1 150 140 13 20 50 *6 0.01 6 18 Symmetrical
SA-414 SPR | pnp,SP,si *] 150 140 13 15 50 *8 0.02 6 18 Symmetrical
SA416 SPR | pnp,SP,si *1 150 140 13 10 50 *10 0.003 6 18 Symmetrical
2N2378 SPR | pnp,SAT,si .2 150 140 13 *10 50 225 0.001 *6 18
HF 6
2N3318 SPR | pnp,SPAT si *1.6 150 140 13 15 50 - 0.001 9 18 Chopper
2N471A TR npn,PL,si 8 200 150512 30 25 10-25 5 *8 5
2N472A TR npn,PL,si 8 200 175, =12 45 25 10-25 5 *8 H
2N473 TR npn,PL,si 8 200 18I 12 15 25 20-50 5 *8 )
2N474 TR npn,PL,si 8 200 175 1.2 30 25 20-50 5 *8 5
2N474A TR npn,PL, si 8 200 1754 12 30 25 20-50 5 *8 5
2N475 TR npn,PL,si 8 200 175 1.2 45 25 20-50 5 *8 5
2N4T5A TR npn,PL,si 8 200 175} 12 45 25 20-50 5 *8 3
2N495 SPR | pnp,SPAT,si *8 150 140 13 2 50 15-30 0.1 *12 1
2N581 RCA | pnp,AJ,ge 8 150 85 - *18 100 30 3 - ] GI, TI, LAN, IND
HF 7
2N1054 TR npn,PL,si 8 600 17515523 $125 750 *20 5 *120 5 S
2N1118 *SPR| pnp,SAT,si 8 150 140 13 25 50 35 0.001 *§ 5 *PH orig Reg, CT
2N1118A *SPR| pnp,SAT,si 8 150 140 13 25 50 25 0.001 *6 5 *PH orig Reg, CT
2N2377 SPR | PNP,SAT,si *3 150 140 13 $9h 50 30 0.002 *6 18
SA-312 SPR | pnp,SP,si *8 150 140( 1.3 10 50 *10 0.01 6 5 Symmetrical

(see pages 4-9 for explanation of company abbreviations.)
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High-Frequency

(continued)
MAX. RATINGS CHARACTERISTICS
|
f v =0
Cross *'ae P i *VCEO | hfe ICEO *goe Package
Index Type 15 c DJ o CBO C *h HCEX ob | Outline
Key No. Mfr. Type (MHz) | (m¥) | (°C) [mW/7C| (V) (mA) FE (A) | (pF) | (T0-) Remarks
SA-315 SPR | pnp,SP,si *3 150 140| 13 12 50 *10 0.01 6 5 Symmetrical
SA-412 SPR | pnp,SP,si *§ 150 1401 1.3 10 50 *30 0.01 6 18 Symmetrical
SA-415 SPR pnp,SP,si *8 150 140 1.3 12 50 *10 0.01 6 18 Symmetrical
2N447 Gl npn,AJ,ge 9 100 85 1.67 %15 - 50 6 *16 §
i 2N44TA Gl npn,AJ,ge 9 15 10| 2 *25 - 85 4 *14 5
8
2N447B Gl npn,AJ,ge 9 150 100 2 225 - 150 4 *14 5
2N140 RCA | pnp,AJ,ge 10 80 70 - *16 15 75 6 - 40
2N219 RCA | pnp,AJ,ge 10 80 70 - *16 15 75 6 - 1
2N411 RCA | pnp,Al,ge 10 80 71 - *13 15 75 10 - 40
2N541 TR npn,PL,si 10 200 1751212 15 25 80-200 4 *20 5 GE
2N542 TR npn,PL,si 10 200 1751512 30 25 80-200 5 *20 5 GE
2N542A TR npn,PL,si 10 200 175| 1.2 30 25 80-200 5 *8 5 GE
2N543 TR npn,PL,si 10 200 1751 1.2 50 25 80-200 5 *20 5 GE
2N602 Gl pnp, DR, ge *10 120 85 2.0 *30 - *20-80 8 i 5
i 2N1206 TR npn,PL,si 10 3000 17525 60 150 *20-80 1 50 5
2N1207 TR npn,PL,si 10 3000 17525 125 150 *20-80 1 *50 5
2N1907 Tl pnp,ge *10 60000 100| 2000 *100 20 *20 500 - 3
2N1908 Tl pnp,ge *10 60,000 100| 2000 *130 20 *20 500 - 3
2N1974 FA npn,DP, si *10 3w 200( 17.2 60 - 70 0.005 Ik 5 TRWS, CDC, TR, AMP
2N2944 CT pnp, PE, si *10 400 2000 2.4 £15 100 *80-450 0.0001 | *10 46 SPR
2N3317 SPR | pnp,SPATsi *10 150 140 13 30 50 - 0.001 29 18 Chopper
2N3319 SPR | pnp,SP,si *10 150 140 13 30 50 - 0.001 39 18 Chopper
SA-310 SPR | pnp,SP,si *10 150 140 1.3 10 50 i) 0.01 6 5, Symmetrical
SA-311 SPR | pnp,SP,si *10 150 140 1.3 6 50 *5 0.01 6 5 Symmetrical
SA-410 SPR pnp,SP,si *10 150 1401 13 10 50 *30 0.01 6 18 Symmetrical
HF 10
SA-411 SPR pnp,SP, si *10 150 1401 13 10 50 *30 0.01 6 18 Symmetrical
2N4T76 TR npn,PL,si 12 200 1i5]= 12 15 25 30-60 9 *10 5
2N477 TR npn,PL,si 12 200 175440122 30 25 30-60 5 *10 5
3N114 SPR | pnp,PE,si *12 300 2000 1.7 *30 20 3 .010 *10 18 Dual
3N115 SPR | pnp,PE,si 2 300 2000 1.7 *30 20 3 .010 *10 18 Dual
3N116 SPR | pnp,PE,si b 300 2000 1.7 *30 20 3 .010 *10 18 Dual
3N117 SPR | pnp,PE,si 517 300 2000 1.7 *50 20 3 010 *10 18 Dual
3N118 SPR | pnpPE,si M2 300 200 1.7 *50 20 3 .010 *10 18 Dual
3N119 SPR | pnp,PE,si 7 300 2000 1.7 *50 20 8 .010 =) 18 Dual
2N582 pnp,AJ,ge 18 150 85 - £25 100 60 2 - ) Gl, TI, RCA, LAN, IND
i 2N1429 pnp, SAT, si 18 100 140( 0.86 6 50 45 0.001 A7 5 SPR, CT
2N478 TR npn,PL,si 20 200 17515052 15 25 40-100 5 *8 5 GE
2N479 TR npn,PL,si 20 200 175 1.2 30 25 40-100 4 *8 b GE
2N479A TR npn,PL,si 20 200 17512 30 25 40-100 5 *8 5 GE
2N480 TR npn,PL,si 20 200 1751 =412 45 25 40-100 47 *8 5 GE
2N496 *SPR | pnp,SPAT,si *20 150 140| 13 10 50 25 0.1 212 1 *PH orig. Reg.
2N1065 Gl pnp,DR,ge *20 120 85 2.0 *40 - *20-80 8 ] 5
2N2432 Tl npn,PE,si *20 300 A e 30 100 50 0.01 *12 18
2N4138 Tl npn,PE,si *20 300 175452 30 100 50 0.01 ]2 46
$15649 FA npn,DP,si *20 200 126/[455: 25 - 200-1000 3 4 - RO110 package
HF 12
2N1411 SPR | pnp,MA, ge 225 25 85 - *5 50 *75 0.3 =3 24 PH, GI
0C45 AMP | pnp,AJ, ge *25 83 75 - #15 5 75 0.5 - -
2N274 RCA | pnp, DR, ge 30 120 100f 1.6 - -10 60 4 *2 4 Vcev=-40
2N344 *SPR | pnp,SBT,ge 30 20 55 1.33 =5 5 2 0.7 *3 24 *PH orig Reg
2N345 *SPR | pnp,SBT,ge 30 20 55 1.33 5 5 35 0.7 3 24 *PH orig Reg
2N371 RCA | pnp,DR,ge 30 80 71 - *24 10 80 10 - 7
2N372 RCA | pnpDR,ge 30 80 71 - *2 10 80 10 - 7
2N603 Gl pnp, DR, ge *30 120 85 