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ELECTRONIC DESIGN’S ELEVENTH ANNUAL
TRANSISTOR DATA CHART

1963

Donald Christiansen
Technical Editor

ELECTRONIC DESIGN’s 11th Annual Transistor Data Chart includes more
than 3,000 listings, of which about 875 appear for the first time.

Transistors are classified according to seven application categories: Audio
and General Purpose (page T4), High-Frequency (page T16), Power

(page T40), Low-Level Switching (page T62), High-Level Switching
(page T'77) and, for the first time, Field-Effect (page T85) and Unijunction
(page T86).

Within each category, types are arranged in order of increasing value of
a key design parameter. This also permits quick identification of close sub-
stitutes.

Alternate suppliers are listed in the “Remarks” column. The manufacturer
whose data are listed is identified in the “Mfr.” column. He is not necessarily
the original registrant.

A cross index (page T88) identifies types in numerical sequence. Each
type in the cross index carries a code that identifies its application category
and specifies the block of 10 types in which it ‘appears. A3, for example,
means the type can be found in the third block of the Audio section.

Many manufacturers, upon request, provide detailed application notes
and data sheets to the design engineer. Where this is true, it is noted next to
the manufacturer’s name in the list of manufacturers (page T1). -



Update Your Transistor File

...In Two Easy Steps

Step 1. Send for your personal copy of the 1963 Transistor Data Chart, Reader-Service
No. 549. It has been tailored to meet your needs as a design engineer—to gmde you in
the rapid selection of transistors for a particular circuit need.

Step 2. Having narrowed the field to a number of similar types, your next step is to refer
to manufacturers’ specification sheets for exact test conditions, application details and
other pertinent information.

But unless you have invested much time and effort on your transistor file, it is bound to

contain obsolete types and overlook new ones.

So, to supplement the Data Chart, ELECTRONIC DESIGN has made special arrangements
with semiconductor manufacturers to provide specification sheets and application notes
to readers requesting this material. Merely circle the number alongside each manufacturer s
name on the speciat Reader-Service card at the end of this section.



Transi

Further Information Available Further Information Available
Code Company Code Compadny Circle
Type Type Reuc"er—
Service
No,
L PS| ifi i : d d
Al Ao eotint: FETapplicationotes 20 Ps| | Pacific Semiconductor, Inc Condensed catalog and data
(TRW Electronics) sheets
341 Moffett Blvd. page data folder, and other 400 417
" in View. Calif S 12955 Chadron Ave.
ountain View, Calif. rochures Hawttome, Calif.
AMF | American Machine and Foundry Co. Data sheets on 38 transistor pH | Philco Corp. Transistor reference chart
Leland Airborne Products Div. types i Lansdale Div. and planar reliability report
AMF Semiconductor Dept. 401 504 Church Road 418
Vandalia, Ohio Lansdale, Pa.
AMP | Amperex Electronic Corp. Several condensed catalogs RCA | Radio Corp. of America Condensed catalog, data
230 Duffy Ave. and application notes 402 Semiconductor Div. sheets and application notes| 419
Hicksville, L.I., N.Y. Somerville, N.J. on many devices
BE | Bendix Semiconductor Div. Two guides to silicon and RRD | Radio Development & Research Corp. |Will not manufacture after
South St. germanium transistors 403 100 Pennsylvania Ave. 1963
Holmdel, N.J. Paterson 3, N.J.
cs Clark Semiconductor Corp. Data sheets on transistors RA | Raytheon Co. Condensed catalog
Div. of National Semiconductor Semiconductor Div.
Walnut Ave. 404 350 Ellis St. 421
Clark, N.J. Mountain View, Calif.
CL | Clevite Transistor Condensed catalog and Silicon Transistor Corp. Condensed catalog
200 Smith St. application notes 405 150 Glen Cove Road 422
Waltham 54, Mass. Carle Place, L.I., N.Y.
CT | Crystalonics, Inc. 3-ring folder of data sheets s Siliconix, Inc. Application notes, data
249 Fifth St. and application notes 406 Sunnyvale, Calif. sheets and articles on FET | 454
Cambridge 42, Mass. devices
DE | Delco Radio Div. Condensed catalog, data Solid State Electronics Corp. Data sheet on SST610
GM Corp. sheets, application notes 407 15321 Rayen St. transistor 424
Kokomo, Ind. and test data Sepulveda, Calif.
FA Fairchild Semiconductor Condensed catalog and Solid State Products, Inc. Folder of data sheets and
545 Whisman Road data sheets 408 One Pingree St. comparison chart 425
Mountain View, Calif. Salem, Mass.
GE General Electric Co. Condensed catalog, data
Semiconductor Products Dept. sheets and application notes ssp | Sperry Semiconductor Div. Data sheets and tentative
Electronics Park 409 Norwalk, Conn. specifications 426
Syracuse 1, N.Y.
Gl General Instrument Corp. Data sheets, tentative SPR | Sprague Electric Co. Condensed catalog
18 East 41st Street specifications and applica- 410 347 Marshall St. 427
New York 17, N.Y. tion notes North Adams, Mass.
HW | Honeywell Semiconductor Products Application notes, lab SY Sylvania Semiconductor-Div. Full catalog, data sheets
2747 Fourth Ave. South reports and data 411 100 Sylvan Road and Circuit Loops brochures 428
Minneapolis 8, Minn. Wobum, Mass.
HU | Hughes Semiconductor Div. Application selection guide, Ti | Texas Instruments Inc. Data sheets, application
500 Superior Ave. data sheets and brochures | 415 13500 North Central Expressway notes and theory of FET 429
Newport Beach, Calif. Dallas 22, Texas devices brochure
IND | Industro Transistor Corp. Condensed catalog, data TR | Transitron Electronic Com. Data sheets, application
35-10 36th Ave. sheets and application notes| 413 168- 182 Albion St. notes, condensed catalog 430
Long Island City 6, N.Y. Wakefield, Mass. and an article reprint
KF | Kearfott Semiconductor Cormp. Loose leaf binder of semi- TS Tung-Sol Electric, Inc. Condensed catalog, FET.
437 Cherry St. conductor engineering data | 414 One Summer Ave. brochure and silicon double | ;44
West Newton 65, Mass. Newark 4, N.J. diffused brochure
MO Motorola Semiconductor Products, Inc. | Condensed catalog, data WE Westem Electric Co., Inc. Available only to agencies
5005 E. McDowell Road sheets and reliability 415 Marion and Vine St. of the U.S. Govt. and their
Phoenix 8, Ariz. brochure Laureldale, Pa. subcontractors
NA | National Semiconductor Corp. Condensed catalog, data wH | Westinghouse Electric Corp. Condensed catalog, data
90 Rose Hill Ave. sheets, engineering memos, | 414 3 Gateway Center sheets, application and 433
Danbury, Conn. application notes Pittsburgh 30, Pa. design notes
May 24, 1963 41



How TO USE THE CHARTS

A color code pairs the transistor type with
the value of its key parameter. Types are
listed in order of increasing value of key
parameter. Note, however, that since various
manufacturers may characterize their types
differently, some “jumps” may take place in
the sequence. Consider, for example, a type
in the high-frequency category. Its key char-
acteristic will be fee, fr, O fu (values of fr
are preceded by a single asterisk; values of
fa, by a double asterisk). But fo, is the fre-
quency at which %, drops to 0.707 of its low
frequency value, and f, is the gain-band-
width product, or the product of h;. and
frequency at a point where h; is drop-
ping by 6 db per octave. Thus, fr is about k.
times greater than f., for a given transistor.

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 dissipa-
tion rating. The derating factor can then be
used to estimate P, for other operating tem-
peratures.

Either Vemo or Vo is listed ag a maximum
voltage rating. Vg is related to collector-
emitter diode breakdown and Vzo to col-
lector-base diode breakdown. But bear in
mind that many manufacturers’ data sheets
will list other important voltage ratings, such
as Vs 0 Vong.

Under characteristics, ELECTRONIC DESIGN
asked manufacturers to supply typical values
rather than maxs or mins. Where deviations
from this occur they are noted.

Finally, it must be cautioned that the char-
acteristics listed are primarily a guide and
generally cannot be used for direct compari-
son of types. This is because it is impossible
to list the wide variety of test conditions
under which characteristics have been meas-
ured. Vono, for example, can differ consider-
ably 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 con-
sult the manufacturers’ data sheets before
making the final selection.
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Key to Symbols

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

small-signal short-circuit forward current transfer
ratio cutoff frequency (common-base)

gain-bandwidth product

collector power dissipation (average)
junction temperature deg 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 (com-
mon-emitter)

collector cutoff current (dc) emitter open

output capacitance (common-emitter)

output capacitance (common-base)

rise time

storage time

collector-to-emitter saturation voltage
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 vol tage

min emitter reverse voltage

min base one peak pulse voltage

T T e T S s T A e

ELECTRONIC DESIGN



Key to Transistor Types

Construction GD  Grown diffused
AJ Alloy junction GJ Grown junction
AD  Alloy diffused GR  Rate grown
DD  Double diffused MB  Meltback
DG  Grown diffused MD  Micro-alloy diffused
DJ Diffused junction base
DM  Diffused mesa MS  Mesa
DDM Double- diffused mesa PE Planar epitaxial
DP  Diffused planar PL  Planar
DR  Drift SBT Surface barrier
ED  Electro-chemical SP Surface precision alloy
diffused- collector TDP Triple- diffused planar
EM  Epitaxial mesa
EP  Epitaxial Materials
FA  Fused dlloy ge germanium
FJ Fused junction si silicon
Manvufacturers and their Lines
High- Low-Level |High-Level | Field-
Manufacturer Audio | Frequency | Power | Switching | Switching | Effect | junction
(A) (HF) (P) (LL) (HL) (FE) | (UNJ)
Amelco [ ) ® ®
AMF @
Amperex ® ® [ ® ®
Bendix ® ® ® ®
Clark ®
Clevite ® ® ® @
Crystalonics J ®
Delco @ ®
Fairchild ® ® @ ®
General Electric ® ® ® ® ® ®
General Instrument [ ® @ ® @
Honeywell ® ®
Hughes ® ® ® ®
Industro ® () @ ® [ J
Kearfott ® ® @ ® ®
Motorola ® @ @ ® @ ®
National Semiconductor @ @ ® @
Philco ® ® ® @
PSI ® ® @
Radio Development ®
Raytheon & e [ ® ()
RCA @ @ [ () ® ®
Silicon Transistor ® ®
Siliconix ®
Solid State Electronics ) ®
Solid State Products ol
Sperry ® ® ®
Sprague ® ® ®
Sylvania ® ® ® @
Texas Instruments ® ® ® ® ®
Transitron @ (] @ @ @
Tung-Sol @ @ @ ® ® ®
Western Electric ® ® ) @ ®
Westinghouse @ @

May 24, 1963




AUDIO AND GENERAL PURPOSE

Mostly audio and general-purpose types below
one watt. In order of increasing forward-current
transfer ratio.

MAX. RATINGS CHARACTERISTICS
h v {ae
*
Cross *hfe T . CEO | €oe . 1
Index Type **GFE Fe { l) vCBU ‘C CO | NF cob fab
Key No. Mer, | Type m {mw) | %! | mw/2C (v) (ma) | (ua) (db) | (pf) | (mc) Remarks
20160 RRD | npn,GJ,si | 0.93 150 175 - *40 25 0.2 25 1 4
2N160A | RRD |npn,GJsi | 0.93 150 175 - *40 25 0.2 25 il 4
Al 2N349 RRD | npn,GJ,si | 0.95 750 175 - *125 40 10 - - 3
2N161 RRD | npn,GJ,si | 0.96 150 175 - *40 25 0.2 25 ] 5
2N161A | RRD |npn,Gl,si | 0.96 150 175 - *40 25 0.2 25 1 5
2N348 RRD | npn,GJ,si | 0.86 750 175 - *90 50 10 - - 3
2N10% RRD | npn,GJ,si | 0.96 500 175 - *90 30 6 - - 3
2N347 RRD | npn,GJ,si | 0.98 750 175 - *60 60 10 18 1 3
2N1095 { RRD |npn,GJsi | 0.98 500 175 - *60 40 5 - - 3
A2 2N163 RRD | npn,GJ,si | 0.99 150 175 - *40 25 0.2 25 1 6
2N163A | RRD | npn,GJ,si | 0.89 150 175 - *40 25 0.2 25 7 6
2N1566 | TI npn,MS,si | 1.2 - 175 80 60 100 1 50 - - TR, NA
N2673 | GE | npn,GDsi | *8-22 250 185 1.66 *60 25 0.004 [ 11 | 4 10
2N1154 | NA | npn,DMsi | 9 750 150 5 50 60 5 - - - Tl
283155 | NA | npn,DMsi | 8 750 150 5 80 50 6 - - - Tl
IN1156 | NA [npnDMsi | 9 750 150 5 120 40 8 - - e
2N117 Tl npn,GR,si | 9-20 150 175 1 *30 25 2 20 - 4 TR,USN
2N332 Tl npn,GRsi | 9-20 150 175 1 45 25 2 20 - 6 GE,TR,RRD,NA,RA AMP
2N332A | NA [ npn,MS;si | 920 150 175 0.86 45 - 2 - 30 - 1
2N333A | NA | npnMSsi | 9-20 500 175 2.8 45 - 0.5 - 15 - GE, Tl
5 f 2N1143 TR | npn,DJ;si | 320 150 150 - *45 25 0.1 25 7 1 NA, Ti
2M243 Tl npn,GJ ,si | 932 750 150 6 60 60 1 - - 1 NA, SO
2N470 TR | npn,GJ,si | 1025 200 200 - 15 25 0.02 22 1 8 NA, TI, AMP
2N4ATL TR | npn,GJ,si | 10-25 200 200 - 30 25 0.02 2 7 8 NA, Tl, AMP
2472 TR |npn,GJsi | 10-25 200 200 - 45 25 0.02 22 i) 8 NA, TI, AMP
2N4728 | TR | npn,DGsi | 10-25 .200 200 - 45 25 0.02 22 1 8 NA, T
2M102/13 SY |[npn,Alge | 105 W 75 20 *30 1.5a | 5ma - - =
2N144/13 SY | npnAlge | 10.5 1w 75 20 *60 0.8a | 5ma - - -
2N1439 | NA | pnpAlsi | 12 400 200 2.28 50 100 0.01 12881825 1 audio/med. power
2NT56 NA | npn,DM,si | 12-20 500 200 25 45 - 9.2 - - -
A4
2N756A | NA | npn,DM,si | 12-20 500 200 2.5 60 - 0.1 - -
2N2674 GE | npn,GD,si | *12-40 250 185 1.66 *60 25 0.004 11 4 1
CK64B RA {pnp,Alge | 135 15 85 1.25 45 100 10 - - - Sub min
CK64C RA | pnp,Alge | 135 75 85 1.25 45 100 10 - - - Sub min
2N935 SSD | pnp,A)si | 14 385 160 2.85 40 50 0.005 18 70 2 NA
2N284 AMP | pnp,AJ,ge | 15 125 75 2.5 £32 125 4.5 - - -
2N284A | AMP |pnp,AJge | 15 125 75 220 *60 125 4.5 - - -
2N339A | TR |npn,DJsi | 15 1000 200 8 55 1 - - - -
2N340A | TR |npn,DJsi | 15 1000 200 8 85 0.1 1 - - -
2N341A | TR |npn,DJsi | 15 1000 200 8 *125 0.1 1 - - -
AS
2N927 NA |pnp,AJsi | 15 150 200 2.5 70 - .005 - 12 8
2N938 SSD | pop,AJ,si | 18 250 175 17 35 100 .001 - il 1 NA
2N1247 | NA |[npn,DMsi | 18 30 150 0.2 6 1.5 - 12 - | TR
2N1249 TR | N-GJ 15 30 - = 6 5 0.002 | - 8 5
2N1440 NA | pnp,Alsi | 15 400 200 2.28 50 100 0.01 12 25 1 audio/med. power
201623 RA | pnp,Alsi | 15 250 160 0.54 20 50 .005 18 70 Al
2N1655 RA | pnp,AJsi | 15 250 160 0.54 125! 50 .005 18 70 2 AMP
BCZ12 AMP | si 15 250 150 2 *60 150 0.01 8 50 1
TR34 IND | pnp,AJ.ge | 15 120 85 3 40 150 10 15 15 1.6
2N2381 Tl P,si *15-%45 | 1000 - - 20 30 - - -
A6
T8601 i) pnp,AJ,ge | *15-*60] 200 100 - *12 400 20 - -
15603 TS pnp,AJ.ge | *15*60] 200 100 - *20 400 20 - - =
2N925 NA | pp,Al,si | 16 150 200 2.5 50 - .005 - 12 8
2N528 Gl * 17 100 85 2 =15 - 3 14 14 - matched pnp,npn
2NT56A TR | N-M 17 500 - 0.30 60 100 0.1 - D 100
N12717 | TR | N-GJ *18 150 - 1.00 *40 25 - - 5 15
2Ni584 | TR | N-GJ 18 150 - 1.00 60 25 - - 5 5
IN1586 | TR |npn,Glsi | *18 150 150 1533 15 50 0.5 2050 2. 16:
2N1587 | TR [ N-GJ 18 150 - 1.00 30 25 - - 5 5
21588 TR | npn,GJysi | *18 150 150 1.33 60 50 0.5 20 %9 15
hel IN334A | NA | npnMS,si | 18:36 500 175 2.8 45 - 0.5 15 - = 1l
2N751 NA | npn,MS,si | 18-36 500 200 2.5 45 - 0.2 - - -
2N757A | NA | npnMS,si | 18-36 500 200 2.5 60 - 0.1 - - =
2N118 Tl npn,GR,si | 18-40 150 175 1 *30 25 2 20 - 5 TR
L 'ZN333 Tl npn,GR,si | 18-40 150 175 1 45 25 2 20 - 8 GE, TR,NA,RA ,AMP

ELECTRONIC DESIGN
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10 DECADES OF LOW-NOISE DEVICES
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The units plotted here are representative of a broad range of over 100 low- noise devices Tl offers for your low-noise applications.

Low-noise devices for your

SUBAUDIO CIRCUITS

Texas Instruments 2N2497-2500 series field-effect transistors give
the design engineer extremely low-noise characteristics — as low as
5 db at 10 cycles. They are ideal for such low-frequency equipment
as null-detection apparatus, medical research equipment, oscillo-
graphic and magnetic tape recorders, oscilloscopes and all types of
low-level transducers. M The circuit below illustrates how Texas
Instruments 2N2500 silicon field-effect transistors are used to achieve
low-noise, low-frequency operation.

60 db LOW-NOISE AMPLIFIER

—50v

NF—15db @ Ro= 10K
12 db @ Ro= 50KQ
1db @ Re=100KQ
1db @ Ro= 1Megn2

) = RESISTORS — All % walt, Tl Type COMR
CAPACITORS
¢, M |onastolo 202497 [, onad97f, | 2ni3L ] x
—‘@ « ) ’—@ 0 C,— 5.6 pf — Tl Type SCM 565BP035CA
€3C5.C;— 220 pf — TI Type SCM 227HPO10C4

0
d
1K

400K 330K 8K 0K 400 K

0,
g
€4Cs— 1.0 pf —TI Type SCM 105FPO35C4

C; [ Cg— 10 pf —TI Type SCM 106BPO20C4

1uksioed 62k S0k 5K ) Co= 68 =TI Ty SCH G8G701SCH
r 7% j —

Cs 51
s1K -|—+ 5l 51K O X ;'»t;

This circuit gives you a maximum voltage gain of 60 db +0.5 db
from —55°C to 125°C with built-in gain adjustment. You also get
good low-frequency response and stable circuit operation. B Write
for your technical information file on low-noise Tl devices for your
subaudio applications:

Tl cannot assume any responsibility for any circuits shown or
represent that they are free from patent infringement.

T6

Low-noise devices for your
AUDIO CIRCUITS

Now you can design the low-level, high-gain amplifier shown below
with typical noise figure as low as 1 db. Advanced low-level planar
technology of Texas Instruments 2N929 and 2N2586 transistors
makes possible high gain at low current levels, plus the extremely
low leakage currents necessary for true low-noise performance.

TYPICAL LOW-LEVEL, LOW-NOISE AMPLIFIER

+ 225
13 MEG. 910K 330K 680 K 75K AMPLIFIER GAIN=1000 =60 db
" FEEDBACK 4db @ Re= 1K
NF 04 @
Co BW (Re=50K0) 17 db @ Ro=1

&y T oures NPUT IMPEDANCE =340K @1 ke
QUTPUT IMPEDANCE= 12K0 @ 1 ke

FIRST STAGE BIASED AT 10 a

G
o—n———@ 2N2586
aL o

INPUT

RESISTORS — All % watt, Tl Type CD%MR

CAPACITORS

€y Gy, Cs, Cs—2 pf, TI Type SCM 225FP020C4
C2.Cy 20 pf, TI Type SCM 226BPO1SCA
G 20 pf, T Type SCM 226GP035C4

3

15K

Pz
300 3300

820K

820K f.l.lc, 820K

For high-impedance transducer applications, TI 2N930 and 2N2586
devices permit typical 1 db noise figure at emitter currents below
1 microampere, and generator resistances over 1 megohm. These
special characteristics allow direct coupling of low-level, high-
impedance sources . ..advantages previously available only with
vacuum tubes and field-effect transistors. High gain at low levels
plus very thin regions in these units combine to offer low power
consumption and high radiation resistance to make the 2N930 and
2N2586 ideal for space applications. H A technical information file
on almost 50 TI low-noise devices for audio circuits is yours
upon request..

SEMICONDUCTOR-COMPONENTS
DIVISION

ELECTRONIC DESIGN




solid-state amplification

—— LF-HF : VHF

FROM TEXAS INSTRUMENTS

MICROWAVE

1 me 10 me 100 mc

Figures shown are not theoretical; all are achieved measurements from actual circuit operation.

1gc 10 gc 100gc

Low-noise devices for your
LF-UHF CIRCUITS

For your low-noise, high-frequency receiver and preamplifier appli-
cations, Tl 2N2415 germanium mesa transistors give you a typical
noise figure of 2.4 db at 200 mc, maximum available gain of 15.5 db
at 500 mc with a fmax of 3 gc. M In the following circuit, HRB-Singer,
Inc. utilizes 2N2415 transistors and “multiple feedback’ techniques
to achieve a uniform low noise figure, nominally 6 db, over the entire
frequency range of 300 to 1000 mc with an average gain of 35 db.
Unique design provides stable operation over a temperature range
of —30° to +-70°C and eliminates the need for RF tuning capacitors.

Y HRB. SINGER 300.1000 mc BROADBAND AMPLIFIER

: X z

J,: i 1 {Z ._'lf 'I!: r J[ J,: ouTPUT

weur | M2415) | 2naats anm 2N2415| [ 202415 | [2naals | | awaars anals 2M2415]  |an241s
o1
+Ye

% LI o 25 25 28 L

T T T T T 'I
7l | I I T 11l 7 il

Another line of Tl low-noise communications devices is the Dalmesa
2N2188 and TI363 series of germanium alloy diffused mesa tran-
sistors. These advanced units offer you ultra-high performance from
dc to 100 mc, typical mid-frequency noise figures of less than 2 db,
and increased high-frequency stability through guaranteed maximum
output capacitance of 2.8 pf at 9 volts. Il Investigate TI's wide selec-
tion of low-noise transistors for LF-UHF circuits by writing for a free
fact file on these devices.

TEXAS INSTRUMENTS

I NCORPORATED
13500 N. CENTRAL EXPRESSWAY
P. O. BOX 5012 « DALLAS 22, TEXAS

May 24, 1963

Low-noise devices for your

MICROWAVE CIRCUITS

Now you can design microwave circuits for highest frequencies at
lowest noise with the new GaAs Pill Varactor Diode from Texas Instru-
ments. These new subminiature devices offer you minimum cutoff
frequency of 90 gc to 150 gc at — 2 volts with low junction capacitance
- C) @ 0 bias from 0.15 to 0.75 pf. Your production-line require-
ments for identical plug-in units are met through tight control of
junction and package characteristics. B These features offer you the
lowest package capacitance and inductance in industry today —
backed up with Tl varactor manufacturing capacity to meet your
tightest production schedules. B TI GaAs Pill Varactor Diodes are
particularly applicable to low-noise parametric amplifiers, harmonic
generators, microwave switches, sub-harmonic oscillators, phase
shifters and parametric limiters.

FOR FULL INFORMATION ... ;

... write for a fact-filled file of technical data on low-noise Tl devices
designed for application in your frequency range. Please address your
card or letter to Department 605 and specify which of these four
information files you desire.

i SUBAUDIO
2. AUDIO

3. LF-UHF =
4. MICROWAVE

Ask your authorized Tl distributor about “‘Transistor Circuit Design,’
an informative new hardbound book for circuit designers authored
by 32 TI engineers and published by McGraw-Hill.

19605
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A continued

MAX. RATINGS CHARACTERISFICS
f
h v *ae
Cross *h = . 1. . CEO | Coe fT
Index Type i FE Pc ( I) VCBU lC CO | NF *cob T
Key No. Mir. | Type Gm (mw) %! | mw/lC (v) (ma) | (pa) (db) | (pf) ‘(mc) Remarks
2N175 RCA | pnp,AJ,ge | 65 20 = = *10 2 12 6 - *0.85
2N398A | MO | pnp,AJ,ge [ 65 150 100 2 105 200 | 12 - - Gl, Tl
2N407 RCA | pnp,AJ,ge| 65 150 71 - *20 70 14 - - - SY
2N408 RCA | pnp,AJ,ge | 65 150 71 - *20 70 14 = = =
2N649 RCA | npn,AJ,ge | 65 100 - - *20 50 14 - - -
L 2N759A | TR | N-M 65 500 - 0.30 60 10 0.1 - 5 100
IN1448 | IND | pnp,Al,ge [ 65 200 85 3:33 45 400 | 5 6 20 |4
2N1452 | IND | pnp,Al,ge | 65 200 85 3.33 45 400 | 7.5 g 2001122
0c74 AMP | pnp,PADT,ge 65 550 75 - 20 300 | 10 - - 155
2N2043 | MO | pnp,AJ,ge | 65100 [ 200 100 2.67 105 200 | 25 - 25 [ 075 | T
IN2043A | MO | pnp,AJ.ge [ 65100 | 200 100 2.67 105 200 [ 25 - 25 | 0.75 | “Meg-A-Life", TI
2N323 GE | pnp,AJ,ge | 68 140 85 4 18 100 16 - 25 2.5 | Driver, MO
2N281 AMP | pnp,PADT,ge 70 165 75 - "3 25 | 45 - - 0.9
2N282 AMP | pnp,ge 70 167 75 *-32 JE0 R 5 - - 0.9
20361 IND | pnp,Al,ge | 70 150 85 2:5 45 200 10 - - - RA, US
A 2N591 RCA | pnp,AJ,ge | 70 100 - - 230 40 7 - - 0.7 |SY
2N64T RCA | npn,AJ,ge | 70 100 - - *25 50 14 & i b
N7 | TI npn,MS,si | 70 1.0 175 - 80 50 1 20 5 50 | TO-18, TR, NA
2N739 TI |npn,OMsi | 70 | 1w 175 - 125 70 1 - - - NA
2N1352 | IND | pnp,AJge | 70 150 85 2.5 30 200 2.5 1825 | R2:5E R HK
2N1565 | TI | npn,MS,si | 70 152 175 - *80 50 1 20 5 50 NA
oN1573 | T | npn,DM,si | 70 12w 175 - *125 50 1 - - -
2N213 SY | npn,Al,ge | 70-250 | 150 85 %3 *40 100 50 - - 0.01
2N1251 | SY npn,AJ,ge | 70-250 150 85 2.5 *20 100 50 - - 120!
TR-383 | IND | pnp,Alge | 72 200 85 3.33 25 200 7.5 - 20 | 1.8 | 2N383
A% IN527A | MO [ pnp,AJge | 72121 | 225 100 3 *45 500 10 15 40 | 7.0 [ “Meg-A-Life"”
2N241 GE | pnp,Alge | 73 100 85 3 25 200 16 - 40 1.3 SO
2N109 RCA | pnp,Al,ge | 75 150 - - 25 70 14 -
2N192 GE | pnp,AJge | 75 75 85 2 25 50 16 15 40 1.5
2N217 RCA | pnp,AJ,ge | 75 150 - - 25 70 14 - - -
2N361 us | pnp,Alge | Y75 150 85 - 30 200 10 13 - 1.5
2N1192 | MO | pnp,A,ge | 75 200 100 2.7 *40 200 2 10 - 2 Tl
2N1443 | NA | pnp,Alsi |75 400 200 2.28 50 100 0.01 12 2508 I8l audio/med. power
| 2N1672 | GI npn,AJ,ge | 75 120 85 0.5 *40 & b - - - Trixie driver
€620 CT |popAlsi | 2775 250 160 2 10 50 - &3 165 1= tg FE
32 .
G €622 CT | pnp,Al,si | *75 250 160 2 10 50 - 143 15 - tg FE
C624 CT | popAlsi | *75 250 160 2 10 50 - 0.4 15 | = tg FE
GT-74 Gl | pop,Alge | 75 150 100 2 25 - 5 6 35 |li=
GT-81 Gl pnp,AJ,ge [ 75 150 100 2 25 - 5 16 35 -
TR-323 | IND |pnp,Al,ge | 75 150 85 2.5 16 200 7.5 - 20 2.5 [ 2N323
IN1376 | SY | pnp,AJ,ge | 75-150 | 150 100 2 %05 200 100 - - - Tl
2N1431 [ sY npn,AJ,ge | 75-150 180 75 3.6 *25 100 50 - - 10
N2712 | GE [ npn,P,si *75-225| 200 100 2.67 *18 100 0.051a] 2.8 59 =
2N2716 | GE | npn,Psi 75-225 | 200 100 2.67 *18 25 0.05¢3| 2.8 5 -
2N1950 | IND | npn,DM,si | 75-250 | 600 175 4 20 - 0.01 - -
3
A 2N1951 | IND |npn,DM,si | 75-250 | 600 175 4 30 - 0.01 - - -
2N1952 | IND | npn,DM,si | 76-250 | 600 175 4 40 - 0.01 | - - -
2N1279 | TR | N-GJ *76 150 - 1.00 *40 25 - - 5 15
2N120 Tl npn,GR,si | 76-333 150 175 1 *30 25 2 20 - 1 TR
2N336 TI | npn,GR,si | 76-333 | 150 175 1 45 25 2 20 - 13 [ TR, GE, NA, RA, AMP
IN336A | NA |npnMS,si [ 76-333 | 500 175 2.8 45 - 0.5 - - - Tl
2N760 NA | npn,DM,si | 76-333 | 500 200 2.5 45 - 0.2 - - - Tl
IN760A | NA | npn,DM,si | 76-333 500 200 23h! 60 - 0.1 - - TI, TR
IN1153 | NA | npn,DM,si | 76-333 | 150 175 0.86 45 25 2 - T 1 TR, Tl
2N321 GE | pnp,AJ,ge | 80 225 85 4 20 200 16 - 250 H1E8 MO
At 2N527 SY |pnp,AJge | 80 225 85 3.7 *45 500 10 - - Rl O
2N651 MO | pnp,AJ,ge | 80 200 100 2.8 *45 500 3 5 - 2 us, Y, Tl
2N651A | MO | pnp,AJ,ge | 80 200 100 28 *45 500 10 15 - 20 | ™
2N654 MO |pnp,AJge | 80 | 200 100 2.8 *30 250 5 10 - 20 |US TI/
INT80 TI | npn,DM,si | 80 1w 175 - 45 50 0005 | - - -
2N1187 | MO | pnp,Al,ge | 8O 200 100 2.1 *60 500 5 5 - 2
2N1370 | TI | pop,Alge | 80 150 85 2.5 25 150 3 6.5 | - 2.0 | Gl, KF
2N1371 | TI | pnp,Al,ge | 80 150 85 2.5 25 150 3 65 | - 2.0 KR
INI374 | TI | pop,AJige | 80 250 100 3.3 25 200 3 65 | - 2 KF
2N1375 | TI | pop,Al.ge | 80 250 100 3:3 45 200 3 65 | - 2 KF
A35 :
2N1382 | TI | pnp,Alge | 8O 200 85 - 25 200 14 65 | - 2
2N1449 | IND | pnp,AJ,ge | 80 200 85 3.33 45 400 5 6 20 5
2N1926 | GE | pnp,Al,ge | 80 225 85 - 40 500 4 - - = MO
CK28A RA | pnp,A,ge | 80 80 85 - 12 400 80 - 14 17 micromin RF switch
0C59 AMP | pnp,PADT, e 80 10 55 - 7 10 1i5 - - 2.2

T10 ELECTRONIC DESIGN



SHOCKLEY SEMICONDUCTOR DEVICES

D TYPE E 4-LAYER DIODES
1-N SERIES
Switching Voltage (Vs) Holding Current (In) Switching Voltage (Vs) Holding Current (Iy,)
in volts in milliamps in volts in milliamps
Type 25°¢C —40° to 85°C 25°C —40°C Type 25°¢C —40° to 85°C 25°C 85°C
IN3831 | 20+4 14-25 0.5-15 40 max 1N3839 20+4 14-25 14-50 5 min
1N3832 25+4 19-30 0.5-15 40 max 1N3840 25+4 19-30 14-50 5 min
1IN3833 30+4 23-36 0.5-15 40 max IN3841 304 23-36 14-50 5 min
1N3834 35+4 28-41 0.5-15 40 max 1N3842 35+4 28-41 14-50 5 min
1N3835 404 32-46 0.5-15 40 max 1N3843 404 32-46 14-50 5min
1N3836 45+4 37-51 0.5-15 40 max 1N3844 4544 37-51 14-50 5 min
1N3837 50+4 41-57 0.5-15 40 max 1N3845 504 41-57 14-50 5 min
1N3838 | 10010 80-115 0.5-15 40 max 1N3846 | 100*+10 80-115 14-50 5min
COMMERCIAL SERIES MIL-LINE SERIES SERIES A (BROAD SPEC)
Holding Switching Voltage (Vs) Holding Switching Holding
Switching Voltage (Vs) Current (In) in volts Current (In) Voltage (Vs)  Current (In)
Type in volts inmilliamps Type 25°C  —60° to 125°C inmilliamps Type in volts inmilliamps
4E20-8 20+4 1-15 4E20M-8 20+4 14-25 1-15 4E20A 206 0.5-60
4E20-28 204 14-45 4E20M-28 204 14-25 14-45 4E30A 30+6 0.5-60
4E30-8 30+4 1-15 4E30M-8 30+4 23-36 1-15 4E40A 40=*+6 0.5-60
4E30-28 304 14-45 4E30M-28 304 23-36 14-45 4E50A 50+6 0.5-60
4E40-8 40+4 1-15 4E40M-8 40*=4 32-46 1-15
4E40-28 40+4 14-45 4E40M-28 404 32-46 14-45
4E50-8 50+4 1-15 4E50M-8 50+4 41-57 1-15
4E50-28 50+4 14-45 4E50M-28 50%4 41-57 14-45
4E100-8 10010 1-15 4E100M-8 | 100+10 80-115 1-15
4E100-28 10010 14-45 4E100M-28 | 10010 80-115 14-45
4E200-8 200+20 1-15 4E200M-8 | 200+20 | 160-230 1-15
4E200-28 200+20 14-45 4E200M-28 | 20020 | 160-230 14-45

TYPE J 4-LAYER DIODES
MI‘L-LINE SERIES for extended temperature ranges

COMMERCIAL SERIES
Holding Switching Voltage (Vs)
Switching Voltage (V) Current (In) in volts Holding Current (In)
Type in volts inmilliamps Type 25°¢ —60° to 105°C in milliamps

4J50-5 50+5 1-10 4J50M-5 505 41-57 1-10
4J50-25 505 9-45 4J50M-25 505 41-57 9-45
4J100-5 10010 1-10 4J100M-5 10010 80-115 1-10
4J100-25 100=+10 9-45 4J100M-25 10010 80-115 9-45
4J200-5 200+=20 1-10 4J200M-5 20020 160-230 1-10
4J200-25 200+20 9-45 4J200M-25 20020 160-230 9-45

' TYPE G 4-LAYER DIODES

COMMERCIAL SERIES MIL-LINE SERIES for extended temperature ranges
Switching Voltage (Vs)
Switching Voitage (Vs) Holding Current (Ip,) in volts Holding Current (in)
Type in velts in milliamps Type 25°¢ —60° to 105°C in milliamps
4G50 50+5 1-50 4G50M 505 41-57 1-50
4G100 100+=10 1-50 4G100M 100+10 80-115 1-50
4G200 200==20 1-50 4G200M 20020 160-230 1-50

New! NPN HIGH FREQUENCY SILICON POWER TRANSISTOR

MAXIMUM RATINGS at 25°C base temperature unless

Gthehwice tes CHARACTERISTICS . at 25°C unless otherwise stated
3TX002 3TX003 3TX004 Condition 3TX002  3TX003 3TX004

BVCBO 100V 100V 60V Fr min 10Vv,25A 150 MC | 150 MC | 150 MC
lc 5A 5A 5A Betamin | 5V,5A 30 10 10
PAVERAGF 60 W 45 W 45 W VCE max 5A,05A 1v 2V 3V
RT 2.5°C/W 3.3°C/wW 3.3°C/W ICBO max | 150°C 3TX002-80V | 10 MA | 10 MA 10 MA
Temperature—Storage —65t0200°C | —65 to0 200°C | —65 to 200°C 3TX003-80V | 10 MA | 10 MA 10 MA
Temperature-Operating | —65 to 175°C —65to 175°C | —65 to 175°C 3TX004-50V | 10 MA | 10 MA 10 MA
A MAJOR SOURCE FOR 4-LAYER DIODES AND HIGH FREQUENCY SILICON POWER TRANSISTORS.
For further information on these and other Shockley solid-state devices, call or write your CLEV I T E

nearest Clevite distributor or contact:

TRANSISTOR
CLEVITE TRANSISTOR, Palo Alto Plant, 1801 Page Mill Road, Palo Alto,

A Division of Clevite Corporation

California

ON READER-SERVICE CARD CIRCLE 441
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 FACTS, CIRCUIT APPLICATIONS, TEST DATA, AS PRESENTED
N SEMINARS CONDUCTED AROUND THE COUNTRY

New

The First Complementary Silicon Planar Transistors for a broad range of applications
are discussed in a new 32-page brochure. [J The aim of this “printed seminar” is to familiarize potential
users of advanced silicon planar transistors with the advantages and applications of Sperry’s new

low-level, low-noise, high beta complementary NPN and PNP transistors.
The brochure comprehensively reviews the advantages in reducing weight,
volume and cost of equipment in circuit applications in addition to detailed
parameter distribution and variation curves. [ Requests for the Sperry
Silicon Planar Transistor Brochure are to be made on company letterhead.
[J Sales Offices: Chicago, Illinois; Los Angeles, California; Oakland,
New Jersey; Medford, Massachusetts: Sykesville, Maryland; Bethpage, Long

Island, New York. [J SPERRY SEMICONDUCTOR, Norwalk, Connecticut.
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A continued

T j _ CHARACTERISTIC
‘ hfe

Cross , *h

Index Type ' **GFE

Key No. | Mir.| Type m . Remarks
2N78 GE | npn,RG,ge| *135 | 65 85 15 15v 20 0.7 12 3] 29
2N78A GE | npn,RG,ge| *135 65 85 151 20 20 0.7 12 3 9
2N1592 | TR | N-GS 140 150 - 1.00 *15 25 - - 5 5
2N1593 | TR | N-G) 140 150 - 1.00 30 25 - - 5 5
IN1594 | TR | N-GJ 140 150 - 1.00 *60 25 - - 5 5

i 2N359 RA | pnp,Alge | 150 150 85 245, 45 200 10 - 1 IND, US
2N570 IND | pnp,AJ,ge | 150 150 IT 2.5 30 300 3 12 20 2 Gl
631 | IND | popAdee | 150 | 150 | 85 | 25 2 200 | 10 s S ST aRA
2N1008A | SY pnp,Al,ge | 150 400 85 6.6 *40 300 500 - 25 BE
IN1471 | IND | pnp,AJ,ge | 150 200 85 3.33 12 200 | 2.5 18 5
IN1193 | MO | pnp,Al,ge | 160 200 100 2.7 *40 200 2 10 - 2.5 T
IN2613 | RCA | pnp,AJ,ge| 160 100 100 257 *13 10 4 5 - *10
€632 CT | pnp,Alsi | **178 250 160 2 250 50 - - 2 - tg FE
C633 CT | pnp,Alsi | **175 250 160 2 39 50 - - 2 - tg FE
2N467 MO pnp,AJ,ge | 180 | 200 100 25 *35 100 | 6 - - 152 IND, SY, US, Tl

il CK67A RA | pnp,Al,ge | 180 80 85 - 15 100 2 22 - - micromin
2N467 Gl pnp,AJ,ge | 200 120 85 2 235, - 10 16 40 0.5 MO, RA, US
INI69A | GE [ npn,RG,ge| *200 75 85 1.25 25 25 0.9 6 .41 *9
2N572 IND | pnp,AJ,ge | 200 150 85 285! 30 300 3 12 20 3 Gl
2N1378 | TI pnp,Alge | 200 250 100 3.3 12 200 3 4 40 3
2N1379 | TI pnp,AJ,ge | 200 | 250 100 353 25 200 3 4 40 3
€631 CT | pnp,AJ;si | **200 250 160 2 150 50 - - 2 - tg FE
oN2374 | PH | pop,A)ge | 210 250 100 33 %35 500 | 2 - *14 | **15 | Output, Tl
2N2429 | AMP | pnpge 220 165 75 33 *32 30 - 4 - 23
aN1185 | MO | pnp,AJge | 260 | 200 | 100 2.7 *45 500 | 5 5 - |3

i 2N1194 | MO | pnp,A.ge | 280 200 100 2.1 *40 200 2 10 - 3 Tl
C640 CT | pnp,AJsi [ **2010 675 160 5 35 50 - - 8 20 tg FE
Cob4l CT pp,AJ,si *440 )0 675 160 5 35 50 - - 8 30 tg FE
C642 CT | pnp,AJ,si | **6010 675 160 5 35 50 - - 8 40 tg FE
(643 CT | pnp,AJsi | **9010 675 160 5 35 50 - - 8 50 tg FE
C644 CT | pop,Alsi | 12,000 675 160 5 35 50 - - 8 60 tg FE
SST610 | SSE | npn,OM,si | 12,0110 500 150 4 *60 500 0.3ma 8 20 *0.120
2N461 MO | pnp,AJge | = 200 100 28 *45 100 10 20 - 0.7 USAF, T
2N943 SSD | pnp,Alsi | — 250 175 147, 18 50 - 7 1
IN944 | SSD | pnpAJsi | - 250 175 1, 18 50 - 1 1
IN945 | SSD | pop,Alsi | — 250 175 157 50 50 - - 1 1

A 2N946 SSD | pnp,AJysi | = 250 175 1.7 80 50 - - 1 1
IN1919 | SSD | pnp,Alsi | = 250 175 1.7 18 50 - - 7 1
2N1920 | SSD | pnp,AJsi | = 250 175 1.7 18 50 - - 7 1
oN1921 | SSD | pnp,Alysi | = 250 175 1.7 50 50 - - 1 1
IN1922 | SSD | pnp,Alysi | = 250 175 127 80 50 - - 7 1

\g 2N2376 | PH pnp,AJ.ge | — 250 100 33 235 500 | 2 = *14 | **15 | m. pair 2N2375, Tl

T14 ELECTRONIC DESIGN



NEWEd!

MICROELECTRONIC

New Darlington Amplifier Transistor In 4 Lead TO-18 Package features very high beta —
as high as 2,000 minimum at 100 kA ... very low leakage — as low as 1nA maximum at 30 volts .

low noise, typically 2 db. O  These microelectronic devices contain two interconnected NPN silicon
planar transistors which provide extremely high current gain in a single TO-18 package. O The design
economies and characteristics of these devices are particularly well-suited for high
impedance amplifier inputs, low noise amplifiers and high gain stages. [0 Production
quantities are presently available for new Sperry types; 2N2723, 2N2724 and 2N2725. O
Sales Offices: Chicago, Illihois; Los Angeles, California; Oakland, New Jersey; Medford, -
Massachusetts; Sykesville, Maryland; Bethpage, L. I., New York. 00 For complete details, DIVISIONS -OF:

SPERRY RAND
write for technical bulletin. SPERRY SEMICONDUCTOR, Norwalk, Connecticut. CORPORATION
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HIGH FREQUENCY

Includes types ranging up to and above the vhf
range. In order of increasing fe, f«, or fr.

MAX. RATINGS CHARACTERISTICS
‘ae v
*.
Cross fr T o . ..
Index Type SR Pc i CBO 'C *h‘e ICO NF [*Cob
Key No. Mfr. Type (me) | (mw) | (°C) | mw/ °c (v) (ma) FE | (pa) | (db) | (pf) Remarks
2N444A Gl npn,AJ,ge 1 150 100 2 *40 - 25 2 12 14 Tl
2N707 PS npn,TDP,si 1 .006 175 56 - 12 .005 300 6 2.
HF 1 | 2N988 PSI | npn,TDP,si 1 006 | 175 ] 20 - 70 .05 250 8 32
2N989 PSI npn, TDP,si 1 .006 175 20 - 70 .05 250 1 .63
2N1024 SSD | pnp,Al,si ] 250 175 15 15 100 9 0.025 ~ 7 NA, KF
2N1025 SSD pnp,AJ,si sl 250 175 17 35 10| 9-22 | 0.025 - 7 NA, KF
2N916 PSI npn, TDP,si 17 .006 | 200 45 - 120 .001 300 - -
2N2656 PSI npn, TDP,si 12 .006 200 25 200 50 .01 250 10 .05
PT720 PSI npn, TDP,si 12 .006 200 25 200 80 5 250 15 .05
PT886 PSI npn, TDP,si 1.6 01 175 22 - - 23 180 - .150
HF 2
PT887 PSI npn, TDP,si 16 .01 175 45 - - 3 180 6 .750
PT888 PSI npn, TDP,si 1.6 .01 175 45 - - 3 180 4 1.000
2N94 SY npn,AJ,ge 2 150 85 25 *0 50 50 50 - -
2N139 sY pnp,AJ,ge 2min.) 80 85 .75 *20 15 22-110| 50 - -
2N193 sy npn,AJ,ge 2 150 85 2.5 *18 5 9 50 - | -
2N194 SY npn,AJ,ge 2 150 85 2.5 *18 50 10 50 - - Mixer
2N194A SY npn,AJ,ge 2 150 85 2.5 *18 50 10 50 - - Converter
2N211 SY npn,AJ,ge 2 50 70 11 *10 50 515 | 20 - -
2N233A Y npn,AJ,ge 2 150 85 2.5 *18 50 30 50 - -
2N413A SY pnp,AJ,ge 2 150 85 2.5 *15 200 - 10 & = Gl
il 2N515 Sy npn,AJ,ge 2 50 75 1 *18 10 2550 | 50 - -
2N516 SY npn,AJ ge 2 50 75 1 *18 10 5-15 | 50 -
2N517 SY npn,AJ,ge 2 50 75 1 *18 10 10-60{ 50 - -
2N519A Gl pnp,AJ ge 2 150 100 2 275 - 25 1 12| 14 IND, KF
2N1026 SSD pnp,AJ,si ) 250 175 L7 35 100 18-44 | 0.025| - 7 KF, NA
2N1469 SSD pnp,AJ,si 2 150 150 12 35 00| 36 25 - I KF
2N1840 PSI npn, TDP,si 2 013 175 25 500 15 3 180 |- -
2N413 RA pnp,FA,ge 25 150 85 - 18 200 | 30 20| 7 - IND, US, KF, GI
2N1342 PSI npn, TDP,si 2.8 .018 175 150 300 - 12 .01 190 |8 3
2N356 RCA pnp,AJ,ge 3 100 85 1.67 20 - - 5 - 12 Gl, SY, Tl
il 2N438 Gl npn,AJ,ge 3 100 85 1.67 *30 - - 10 - 12 Tl
2N438A Gl npn,AJ ge 3 150 85 2.5 *30 - - 10 - 12 RA, T
2N445A Gl npn,AJ,ge 3 150 100 2 *30 - 70 2 12| 14 Tl
2N481 N pnp,AJ,ge 3 200 85 3 30 20 50 3 - 14
2N1302 Tl npn,ge 3 150 100 2.0 #05] 300 20* 3 3.6( 12
2N1564 PSI npn, TDP,si 3 .02 175 80 50 30 .01 190 |- -
2N1565 PSI npn,TDP,si 3 .02 175 80 50 60 .01 190 |- =
2N1566 PSI npn, TDP,si 3 .02 175 80 50 130 .01 19 |- -
2N1889 PSI npn, TDP,si 3 017 200 100 - 80 001 |[190 |- -
2N1890 PSl npn, TDP,si 3 017 200 100 - 200 001 |190 |- -
R 2N1893 PSI npn,TDP,si 3 017 200 120 500 80 001 190 |- -
2N1893A | PSI npn, TDP,si 3 017 | . 200 140 500 90 .001 190 - -
2N1506A | PSI npn,TDP,si 3.5 .02 200 80 500 60 .005 190 10 1.3
IN482 IND pnp,AJ,ge 3.5 15( 85 2.5 *14 200 50 3 - 12 us, Tl
TR-482 IND pnp,AJ,ge 3.5 15( 85 | .25 14 200 20 3 - 12
PT1558 PSI npn, TDP,si 4 .023 200 80 - 40 005 210 |10 1
2N212 SY npn,AJ,ge 4 151 85 2.5 *18 50 20 50 - - Converter
2N385 Y npn,AJ,ge 4 15( 100 [ 2.0 25 - - 35 — Gl, Tl
2NAL4A SY pnp,Al,ge 4 15( 85 2.5 %15 200 - 20 - - KF,GI,AMP
2N1027 SSD pnp,AJ, si bl 25(1 175 1.7 15 100 18 0.025| - 7 KF
HESs 2N 1058 Sy, npn,AJ,ge 4 50 75 1 *18 - 15 50 - - Converter
2N94A SY npn,AJ,ge 5 15) 85 2.5 *20 50 19 50 - -
2N292 GE npn,AJ,ge 5 65 85 5] 15 20 6-44 | 5 - =
2N38BA RCA npn,ge 5 15) = = *40 200 30% - = - | T
2N395 RA pnp,AJ,ge 5 15( 85 - 25 - 40 2.0 - 12 TO-5 RF Switch, TI, RCA
2N439 GT npn,AJ,ge 5 10( 85 1.67 *30 - - 10 - 12 SY, Tl
2N439A RA npn,AJ,ge 5 15( 85 2.5 *30 = = 10 - 12 Tl
2N448 GE npn, RG, ge 5 65 85 1.1 15 20 25 5 - 2.4
2N520A Gl pnp,AJ,ge 5 15 100 2 205 - 100 1 12 14 IND, KF, TV
2N634 GE npn,AJ,ge 5 15( 85 2:5 *20 = - 5 - 12 Tl
Hhd 2N483 IND pnp,FA,ge | 5.5 | 15 85 = *12 20 60 S femrdle us, Tl
2N357 RCA npn,AJ,ge 6 10( 85 1.67 *20 - - 5 - 12 Gl, SY, Ti
2N377 SY npn,AJ ge 6 15( 100 2.0 A2 - - 5 - 12 Tl
2N446A Gl npn,AJ,ge 6 1501 100 2 *30 - 120 2 12 14| Tl
2N483 us pnp,AJ,ge 6 15) 85 2.5 12 20 65 15 10| *12
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MICROELECTRONIC

9 New Differential Ampliﬁer Transistors feature close matching of characteristics:A VBg as low
as 5 mV maximum. [J Other features include: temperature tracking of Vg — A (VBE; ~-VBEy)/ AT as
low as 104 V/° C.; extremely high beta —up to 50 min. at 1uA matched to within 10%; and low noise
typically 2db. Extremely low leakage — as low as 1nA max. at 30 volts. 0 Because
these devices eliminate common-mode signals and allow use of balanced inputs to mini-
mize input drift, they find application in low drift DC amplifiers, operational amplifiers,
telemetry, comparators and analog-digital converters. These new microelectronic devices
have two closely matched low-level NPN silicon planar transistors, electrically isolated
but thermally connected, in a single 6-lead TO-5 package. Production quantities are pre-
sently available. [0 Sales Offices: Chicago, Illinois; Los Angeles, California; Oakland, SIS NS
New Jersey; Medford, Massachusetts; Sykesville, Maryland; Bethpage, L. I., New York. SPERRY RAND
[J Write today for technical bulletin. SPERRY SEMICONDUCTOR, Norwalk, Connecticut. CORPORATION
ON READER-SERVICE CARD CIRCLE 444 .
May 24, 1963 T17
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HUGHES SEMICONDUCTOR BUYERS’ GUIDE

HUGHES® DIODES

Silicon MICROSEAL* Diodes — Zener
and Computer Types With or without
weldedleads,orincircuitarrays (0.062”
dia .x 0.030” thick). Rated 150 mW free
air (minimum), 500 mW mounted in
circuit boards, to 1 watt infinite heat
sink. Microminiature devices for high
density circuit applications. Repre-
sentative Types are E.|.A. equivalents:
1N46-59, 1N625-27, 1N903-08, 1N914,
1N916, 1N1934-37, 1N3064 and TN3067.

Silicon Zener Diodes Power Dissipa-
tion up to 500 MW, Hard backs with ex-
tremely low noise and dynamic imped-
ance. Stable alloy process. Excellent
voltage regulation as low as +3% at
low current level. Representative
Types: 1N702-726A, 1N746-759A,
1N957-976B, 1N761-769, 1N1929-1937.

Silicon Capacitor Diodes Medium Q
devices with good stability and low
leakage. Capacitance ranges from
2010 100 pf (tolerance as low as +5%)
with maximum bias voltage variations
up to 150 volts. Representative Types:
1N950-956.

Silicon Computer Diodes Diffused
planar passivated. Inversive working
voltages to 100 volts. Recovery times
as low as 2 nsec using a sampling
scope circuit. Representative Types:
1N903-08, 1N914, 1N916, 1N3064 and
1N3067.

Germanium Point Contact Diodes The
first industry standard subminiature
glass general purpose and computer
diode. Proven stability with inverse
working voltages to 190 volts. Recovery
times as low as 0.75 nsec using a sam-
pling scope. Representative Types:
1N198B, 1N933, HPS, 1600 series.

Germanium Gold Bonded Diodes
General purpose and computer appli-
cations. Recovery times as low as 3.5
nsec. Improved rugged mechanical
stability withstands 30,000G’s centri-
fuge and 3,000 G's shock. Represent-
ative Types: 1N270, 1N276, 1N277 and
HD1800 series.

Silicon General Purpose Alloy Diodes
and Rectifiers Power Dissipation to
250 mW. Forward currents to 0.2 amps.
Oxide-coated (surface passivated)
units with working inverse voltages up
to 1,000 volts. Representative Types:
1N4566-459, 1N482B-488B, 1N846-889.
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HUGHES TRANSISTORS

PNP Silicon Alloy Junction Transis-
tors 2N1034, 2N1035, 2N1036, 2N1037,
2N1228 through 2N1234, 2N 1238
through 2N1244, 2N327A, 2N328A,
(also USA 2N328A), 2N329A, HA7597,
HA7598, HA7599, HAT7520 through
HAT7529, HA7530, through HA7539 . . .
available in the standard TO-5 pack-
age or the Hughes coaxial package
with up to 5 watts power dissipation.
Manufactured by the evaporative-fus-
ion technique which creates unusually
low saturation resistance. Retain
highly uniform characteristics from
batch to batch, making possible much
closer tolerances in the design of
small-signal, high-temperature and
amplifier circuits.

PNP Silicon Double Diffused Planar
Transistors 2N1254, 2N1255, 2N1256,
2N1257, 2N1258, 2N1259, HA9048,
HAQ049, 2N1196, 2N1197, (also USA
2N1197), 2N869, 2N995 . . . most types
available in any package configura-
tion...TO-5, TO-18, TO-46, the Hughes
MICROSEAL transistor...orany industry
standard package. Offer many out-
standing features: low collector capac-
itance, good low- and high-level gain
characteristics, low leakage currents,
low stored base charge, typical ft of 75
mc. High breakdown voltages in com-
bination with gains, plus exception-
ally fast-switching capabilities, make
these superior general purpose units.
2N1131, 2N1131A, 2N1132, 2N1132A,
2N1132B, 2N1991 . . . available in any
package configuration . ..TO-5, TO-18,
TO-46, the Hughes MICROSEAL tran-
sistor . . . or any industry standard
package. Used extensively in advan-
ced missile, satellite and computer
applications. Feature high breakdown
voltages, exceptionally low leakage
currents, typically20nanoamps, meas-
ured at stringent bias conditions. Most
typesofferguaranteed switchingtimes
of less than 50 nanoseconds.

NPN Silicon Double Diffused Planar
Transistors 2N706, 2N706A, 2N706B,
2N707, 2N726, 2N753 Planar, 2N1613,
2N708 Planar, 2N743, 2N744 Epitaxial,
2N913, 2N914 Planar Epitaxial...avail-
able in any package configuration...
TO-5,TO-18, TO-46, the Hughes MICRO-
SEAL transistor...or any industry stan-
dard package.
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HUGHES RECTIFIERS

Miniature High-Power Rectifiers
These 1 amp devices are available
from 50 to 3,000 volts PIV in the DO-7
package.

Standard Metal Package Rectifiers
Available at ratings of 6, 12, 20 and 35
amps. PIV ratings'are from 50 to 1,000
volts for the 6 and 12 amp packages.
(DO-4 and DO-10), and from 50 to 600
volts in the 20 and 35 amp packages
(DO-5 and DO-11).

‘Fast-Switch Rectifiers Hughes' new

HF series (1 to 30 amp) “Golden Line"
rectifiers have recovery times of less
than 200 nanoseconds. Typical room
temperature reverse leakage currents
at rated PIV of 16t080 uamps for 1t030
amp devices, respectively. Maximum
forward voltage drop of less than 1.4
volts at rated current.

Stacked Rectifiers and Assemblies
Custom designed stacked rectifiers
are available up to 60 kv with currents
up to 20 amp. These designs make use
of the R-C compensation to assure
long life and high reliability.

Bridge assemblies for 3-phase and
single-phase designs and potted con-
figurations available—minimum de-
liveries and costs.

HUGHES PACKAGED ASSEMBLIES

Packaged Assemblies Standard and
custom assemblies encapsulated in

.epoxy. These offer impressive savings

in time, money and space.

Typical assemblies include: single-
phase and 3-phase bridges, voltage
doublers and quadruplers, ring modu-
lators, matched pairs, matched quads,
phase detectors, computer modules,
cartridgerectifiersorany custom units.

For more details on any of these prod-
ucts contact your nearest Hughes rep-
resentative. Or write: Hughes Semi-
conductor Division Marketing Depart-
ment, Newport Beach, California.
DIODES e TRANSISTORS e RECTIFIERS
PACKAGED ASSEMBLIES e CRYSTAL FILTERS
*Trademark Hughes Aircraft Company

Creating a new world with electronics
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HF continued

MAX. RATINGS , CHARACTERISTICS
fae
* v
Cross {T T . CEO . Co
Index Type ‘ ‘ **{ab P ¢ i VCBO lC *h‘e ICO NF cob
Key No. Mfr. Type (me) | (mv) (°C) mw/ °C (v) (ma) FE | (pa) | (db) | (pf) Remarks
0c4 | AMP | pnp,PADT,ge [ 15 83 75 2 *15 10 |100 | o
2N388A Tl npn,AJ,ge 15 150 = - 40 200 (*60-180 [ 5 - 20*
2N476 TR npn,GJ,Si 17 200 200 - *15 25 30-60 02 19 R Tl
2N477 TR npn,GJ,si 17 200 200 - *30 25 30-60 02 (19 8 Tl
1 2N522A Gl pnp,AJ,ge 17 150 100 2 *25 - 200 1 12 14 KF, T
HF 15
2N582 RA pnp,AJ,ge 18 100 85 - *14 100 |60 3 - 12 TO-5 RF switch, Tl
2N1118 PH pnp,SAT,si 18 150 140 1.3 *25 50 20 - - *6 SPR, KF, MIL
2N1118A PH pnp,SAT,si 18 150 140 1.3 *25 50 25 - = *6 SPR
2N232 PH pnp,SBT,ge 20 9 55 0.9 *4.5 4.5 39 6 - *6 SPR
IN417 RA | pnp,FA,ge 2 150 85 i *10 200 140 an a2 IND, US, GI, TS, KF, TI
2N602 Gl pnp,Dr,ge 20 120 85 2 *20 - - 3 14 4 Tl
2N1899 PSI npn, DM, si 20 1258 150 1000 140 10a |10 20ma | — 600 hi freq., hi pwr
2N1902 PSI npn, DM, si 20 125 150 1 140 10a 10 20 - -
2N1903 PSI npn, DM, si 20 125 150 1 140 10a 10 20 - -
2N1904 PSI npn, DM, si 20 125 150 1 140 10a |10 20 -
HF 16
2N1907 Tl pnp,AD, ge *20 150~ = - 100 20a | *10 0.3ma [ — -
2N1908 Tl | popAD,ge w0 | 1w | - = 130 200 |*10 03ma| - | -
2N2551 HU | pnp,A,si *20 400 160 3.0 .150 Al *90 6 *1.0 | 200
PT900 PSI | npn,DM,si 20 1250 | 150 [ 1000 80 102 |3 40 |~ [600 | hifreq., hi powr.
PT901 PSI npn,Ms,si 20 125# 150 1000 140 10a |10 30 - 600 | Hi frequency,
2N495 PH pnp,SA,si 21 150 140 13 *25, 50 30 002 | - *6 MIL
2N523A Gl pnp,AJ,ge 23 150 100 2 *20 - 300 1 12 14 IND KF
2N1428 | PH pnp,SAT,si 23 100 140 0.86 *6 50 45 001 | - )
2N1429 PH pnp,SAT,si 23 100 140 0.86 *6 50 45 001 | - 1.
2N1677 PH pnp,SAT,si 23 10 140 0.87 *4.5 50 50 001 |- 7 SPR, chopper
bl 2N1065. Gl pnp,Dr,ge 25 12 85 2 *40 - - 4 12 3
2N1900 PSI npn,DM,si 25 128w 150 1000 140 5a 10 20ma | - 600 | hi freq., hi pwr.
2N1901 PSI npn, DM, si 25 128w 150 1000 140 a 15 20ma | — 600 | hi freq., hi pwr.
2N274 RCA | pnp,Dr,ge 30 120 85 - *40 10 60 16 - -
2N370 RCA | pnp,Dr,ge 30 24 85 - *40 10 60 20 - - SY
2N371 RCA | pnp,Dr,ge 30 80 85 - 20 10 - 20 - - SY
2N372 RCA | pnp,Dr,ge 30 80 85 - 20 10 60 20 - - Mixer, SY
2N373 RCA | pnp,Dr,ge 30 80 85 - 25 10 60 8 - - SY
2N374 RCA | pnp,Dr,ge 30 80 85 - 25 10 60 8 - - converter, SY
i 2N1224 RCA | pnp,Dr,ge 30 12 85 - *40 10 60 12 - - Gl, AMP, SY
F18 |
LS | 2N1226 RCA | pnp,Dr,ge 30 12( 85 - *60 10 60 16 - - AMP
| 2N1395 RCA | pnp,Dr,ge 30 12( 85 - *40 10 90 16 - - AMP
2N1709 PSI npn,DM,si 30 13y 175 86.7 75 l2a |- - 40 Hi freq., hi pwr.
2N1710 PSI npn,DM,si 30 13y 175 86.7 60 l2a |- 50 * 40 Hi freq., hi pwr.
2N1750 PH pnp,SBT,ge 30 15 75 0.5 *14 5 *18 2 = E5 ]
2N2225 KF pnp,AJ,ge 30 22! 100 - 15 500 | 300 - 3 10
2N2595 SSD pnp,DP,si *30 4.0 200 2 60 - 15-60 25na |- *6
2N2598 | SSD | pnp,DP,si *30 4.0 200 2.3 80 - 15-60 25na |- 6
MHT-6001| MH npn,DP,si 30 4011 175 270 *100 5a 10-120 1 - -
2N1425 RCA | pnp,Dr,ge 33 80 7 - 24 10 50 12 - -
HE19 BNie | mcA |pporee | 38 00 | 1| - i iesro s (1o 8 S | RS
IN1524 RCA | pnp,Dr,ge 33 80 71 0.4 24 10 60 16 - 2 Gl
- 2N1525 RCA | pnp,Dr,ge 33 80 71 0.4 24 10 60 16 - 2 Gl
2N1526 RCA | pnp,Dr,ge 3 80 71 0.4 24 10 130 16 - - Gl
2N1527 RCA ! pnp,Dr,ge 33 80 71 0.4 24 10 130 16 - - Gl
2N934 RCA | pnp,ge =35 15) = - 13 200 | *60 - - -
2N603 Gl pnp,Dr,ge 40 12) 85 2 *30 - - & 14 3 T
2N603A Gl pnp,DR, ft 40 12 85 2 *30 50 60 5 25 5
2N750 RA npn,DJ,si 40 15) 175 0.75 50 50 7 10 - 6
2N1633 | RCA | pnp,Dr,ge 40 80 71 0.4 34 10 75 16 - - Gl
HE 20 2N1634 RCA | pnp,Dr,ge 40 80 7 0.4 34 10 75 16 - - Gl
| 2N1638 | RCA | pnp,Dr,ge 40 80 71 0.4 34 10 7 7 - 2 Gl
~ 2N3746 || RCA | pnp,Dr,ge 40 80 71 - 34 20 .985 16 - 3.8
2N640 | RCA | pnp,Dr,ge 42 80 85 0.75 34 10 60 5 - - Gl
2N641 RCA | pnp,Dr,ge 42 80 85 0.75 34 10 60 1 - - Gl
2N642 | RCA | pnp,Dr,ge 42 80 85 0.75 34 10 60 7 - - Gl
2N754 | TR npn,DJ,si 44 300 175 - *60 50 20-80 1 8
2NT55 TR npn,DJ,si 44 300 176 - *100 50 20-80 1 - 8
2N833 | TR npn,DJ,si 44 300 176 - *45 25 20-45 0.1 15 - TMT839 (150mw)
N840 | TR npn,DJ,si 44 300 175 - *45 25 40-90 0.1 15 8 TMT840 (150mw)
il 2! TMTB42 TR npn,DJ,si 44 150 175 - *45 25 20 0.1 - 6
2N1196 | HU pnp,MS,si 45 35 200 2 70 - - - - 4
2N1631 RCA | pnp,Dr,ge 45 8( A 0.4 34 10 80 16 - 2 Gl
2N1632 RCA | pnp,Dr,ge 45 8( 71 0.4 34 10 80 16 - 2 Gl
t IN1635 | RCA | pop,Dr,ge 45 8 7 0.4 34 10 |75 6 [- |- al
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TRANSISTOR-CURVE TRACER

INVALUABLE TOOL FOR EVALUATING
SEMICONDUCTOR DEVICES

With a Type 575, you can plot and measure 7 different
transistorcharacteristics.You can display 4 to12 curves per
family —with input current from 1 microampere/step to 200
milliamperes/step or input voltage from 10 millivolts/step
to 200 millivolts/step —in repetitive or single-family pres-
entations. You can select either common-emitter or com-
mon-base configurations.

The Type 575 provides 20-ampere collector displays (10-
ampere average supply current), two ranges of collector
supply (0 to 20 volts, 0 to 200 volts), and 2.4-ampere base
supply (positive or negative base stepping).

Add a Type 175 Adapter and you extend the range of col-
lector displays 10 times and the range of base supply & times.

Family of characteristic curves
(for NPN transistor).

You can also test diodes under a wide variety of condi-
tions and observe waveform characteristics on the 5-inch
crt with a high degree of accuracy.

Type 575 Calibrated Displays

Vertical Axis—Collector Current, 16 steps from 0.01 ma/div
to 1000 ma/div. Pushbuttons are provided for multiply-
ihg each current step by 2 and dividing by 10, increas-
ing the current range to 0.001 ma/div to 2000 ma/div.

Horizontal Axis—Collector Voltage, 11 steps from 0.01 v/div
to 20 v/div. .

Both Axes—Base Voltage, 6 steps from 0.01 v/div to 0.5
vldiv. Base Current, 17 steps from 0.001 ma/div to 200
mal/div. Base Source Voltage, 5 steps from 0.01 v/div
to 0.2 v/div.

Type 575 Transistor-Curve Tracer . . . . . . . . $1075

U.S. Sales Prices f.o.b. Beaverton, Oregon

though ssm;!ar to the Type 575, *th
cial modsl pri
breakdown tes voltag
zero to 1500 volts at a maxii

_of 1 milliampere) and also
Collector Supply (up to 400 volt
ampere) 4 .

For completespec
cial model—call
_ Engineer.

. for more information about evaluating semiconductor devices with a Type 575 or other Tektronix test equipment
please call your Tektronix Field Engineer. He will be glad to assist you.

: P.0.BOX 500 - BEAVERTON, OREGON / (Area Code 503) Mitchell 4-0161 - TWX: 503-291-6805 -
Tektron ix, Inc. / Telex: 036-691 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

Tektronix Field Offices are Jocated in principal cities throughout the United States. Please consult your Telephone Directory.
Tektronix Canada Ltd: Montreal, Quebec « Toronto (Willowdale) Ontario  Tektronix Ltd., Guernsey, Channel Islands
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AVNET MARKETS $.T.C. PRODUCTS

Your requirements of STC silicon power tran-
sistors can be met by Avnet. Your Local Avnet
Headquarters offers quick and flexible service
on the products of Silicon Transistor Corpora-
tion ... over 150 2N Type Numbers in 12 package
sizes from 5 to 800 watts; 21 MIL approvals.
When you need silicon power transistors, take

|l & B B 5 B
10 Local Avnet Headquarters

SAN DIEGO, CALIF., 714-224-3633; LOS
ANGELES, CALIF., 213-UP 0-6141; SUNNY-
VALE, CALIF., 408-RE 6-0300; SEATTLE,
WASH., 206-GL 4-4911; PHOENIX, ARIZ., 602-
273-1261; SALT LAKE CITY, UTAH, 801-486-
7566; CHICAGO, ILL., 312-GL 5-8160; SYRA-
CUSE, N. Y., 315-454-3238; WESTBURY, L. I,
N. Y., 516-ED 3-5800; BURLINGTON, MASS.,
617-BR 2-3060

advantage of Avnet’s on-time delivery of STC
products, featuring miniaturized power tran-
sistors without heat sink; isolated collector;
PNP with NPN complements. Stocks in depth
on either standard or hard-to-get items are part
of Avnet’s comprehensive marketing assistance.
There are 10 Local Avnet Headquarters.

THE AVNET SYSTEM
Men/Methods/Materials| Management E

AVNET ELECTRONICS CORP.

mmnmmmwmmw&
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JUNCTION TEMPERATURE
AT MAXIMUM POWER
RATING, (500 mw.)

2.0 2.2 2.4 2.6 2.8 2.0

10® x 1/JUNCTION TEMPERATURE IN °KELVIN

Acceleration factors for different kinds of service provide predict-

able performance based on 100,000,000 transistor life test hours.

General Electric transistors exceed

Minvteman 99.999% reliability objective

General Electric has completed a silicon transistor reliability
improvement program for the MINUTEMAN airborne guid-
ance and control system where data on a single product has
been accumulated for over 100,000,000 life test hours . . . un-
surpassed in the semiconductor industry. The result is reliability
without parallel. For instance, final. phase testing of 4,650 G.E.
MINUTEMAN transistors to approximately 24,000,000 tran-
sistor hours at 288 mw resulted in ZERO failures. The

Transistor Silicon Nearest "’ Additional

Minuteman Transistor Maximum E Minuteman
Part No. Description Dissipation VB2E Type No. Types’’*
551B Unijunction 600mw 60 2N489  MM/2N490,/M
MM /2N491 /M
MM /2N492 /M
MM /2N493 /M
MM /2N494 /M
703B Fixed-Bed 500 mw 60  2N335A MM/2N332/M
Grown-diffused MM /2N333/M
MM/2N336/M
801B Grown-diffused 250 mw 45 2N337  MM/2N338

* Furnished to either A, B or M MINUTEMAN level units.

MINUTEMAN Part transistor made by General Electric sub-
stantially exceeds the MINUTEMAN objective of an average
failure rate of 0.001% /1000 hours in continuous operation at
87 mw (25°C ambient) (see graph).

You can have this kind of reliability in your military and
commercial applications. Just check the chart for MINUTE-
MAN Part Numbers, similar EIA Types, and additional
MINUTEMAN Types, all produced simultaneously on the same
production lines and under the same exacting conditions.

For complete specifications see your G-E Semiconductor Dis-
trict Sales Manager, or write Section 11E15]. Semiconductor
Products Department, General Electric Company, Electronics
Park, Syracuse, New York. In Canada: Canadian General
Electric, 189 Dufferin St., Toronto, Ontario. Export: Inter-
national General Electric, 159 Madison Ave.,New York 16, N.Y.

GENERAL @B ELECTRIC
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SILICON POWER TRANSISTORS

2N1015. USN2N1016B  STC1015C

2N1936  2N2820 2N1015A  2N1016C STC1015D

2N1937  2N2821 STC1728 2N10158  USN2N1016C  STC1015E

IN2815  2N2822  STC1731 2N1015C  2N1016D STC1016

- 2N1015D  USN2N1016D  STC1016A
=) %Egﬁ}? §ﬁ§§§3 g}g};gg ; IN1015E  2N1016E STC1016B
2N1016 STC1015 STC1016C

7/8" HEX %n%g}g §¥§?§gs g}g”gg 150 WATT  onioiea  STC1015A STC1016D
200 WATT 2N1016B  STC1015B STC1016E

2N389 USN2N424 2N1250

S~ A A il USN2N389 INAZ4A 2N1620
] 2N1512 2N2015

Yy Aieia e 2N389A 2N1210 2N1722

T0-36 IN424 2N1211 2N2383

75 WATT

2N1617

2N1208 2N1617A USA2N1487 USA2N1489
2N1209 2N1618 2N1069 2N1488 2N1490
2N1212 2N1618A 2N1070 USA2N1488 USA2N1490
2N1616 2N1724 2N1487 2N1489 2N1702

2N1616A 2N2384

2N1047 2N1048A 2N1050

2N1047A 2N1048B 2N1050A IN1647 IN2150
USN2N1047A 2N1049 USN2N1050A IN1648 IN2151
2N10478 2N1049A 2N10508 =4 2N1649 2N2828
IN1048 USN2N1049A 2N1768 7/16" HEX ~ 2N1650 2N2829
USN2N1048A 2N1049B 2N1769 40 WATT

2N1486

2N1067 2N1484 USA2N1486 2N2036
2N1068 USA2N1484 2N1701 STC1800
2N1483 2N1485 2N2035 $TC1810
USA2N1483 USA2N1485 2N2308 $TC1850

2N1482
2N549 2N656 2N116 2N1480 USA2N1482
o 2N550 2N656A 2N1117 USA2N1480 2N1700
T0—5 >0 2N551 2N657 2N1479 2N1481 2N2033
2N548 2N552 2N657A USA2N1479 USA2N1481 2N2034

P )t $TC5080
N SICa081 STC5580 STC5583 25883
< e STC5581 STC5584 s G
T‘(’)NP3 S $TC5582 STC5585 T(El% 2PA24A
75 WATT STC5085 | 85 WATT , , : 85 WATT
SILICON TRANSISTOR CORPORATION

CARLE PLACE, L. I, N.Y. i U (516) PIONEER 2-4100
TWX—516—248—9085

ON READER-SERVICE CARD CIRCLE 449
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The high-voltage barrier to passivated PNP transistors has finally been broken

—but it took a new manufacturing process to overcome the obstacles.

Now from MOTOROLA
Epitaxial, PaSSivated PNP SILICON TRANSISTORS
Made by the Annular* Process

Some new words are being
added to the dictionary of semi-
conductor terms—words like
Annular® and Band-Guardf,
words that relate to a new manu-
facturing process which will
have a strong influence on tran-
sistor design and promises to open
new areas for transistor applica-
tions. The Annular manufactur-
ing process provides a new
degree of freedom from surface
effects for semiconductor
products.

For years, the industry had been
working to design high voltage silicon
PNP transistors with the low leakage
currents normally associated with NPN
types, surface passivated by the planar
process. For PNP devices, planar tech-
niques proved inadequate since any
attempt to increase voltage ratings be-
yond approximately 20 volts (through
increasing collector material resistivity)
induced a phenomenon, called chan-
neling, which actually increased leak-
age current far beyond tolerable levels.

Channeling is a condition whereby
the surface portion of a transistor col-
lector region actually changes polarity
and becomes an extension of the base
region. The base-collector junction,
therefore, rather than coming to the
top surface where it is protected from
the environment by a silicon oxide coat-
ing, extends to the unprotected edges
of the transistor where it is subject to
contamination and surface damage.
This phenomenon circumvents the pas-
sivation advantages of planar .designs
and results in excessive leakage cur-
rents.

The formation of channels has been
traced to effects of ionized or polarized
particles on or within the passivating
oxide coating which create an electrical
environment that tends to alter the ap-
parent polarity of the material directly

T28

SiO, PASSIVATION

_N-TYPE BASEREGION
Cross Section of Annular Transistor

beneath the oxide—an effect which is
particularly pronounced in lightly
doped P-type material. The channels
are random in nature and erratic in
characteristics, and can be highly sen-
sitive to radiation bombardment.

As a result of channeling, some man-
ufacturers have reverted to earlier sili-
con mesa structures or have deliber-
ately circumvented the oxide passiva-
tion in planar transistors in order to
produce high voltage devices. These
methods have yielded high voltage rat-
ings but other characteristics of the
resulting transistors do not compare
favorably with those of surface passi-
vated devices.

N-TYPE CHANNEL
UNPROTECTED COLLECTOR-BASE JUNCTION  (ORIGINAL P-TYPE MAT

ERIAL
VULNERABLE TO CONTAMINATION INVERTED TO N-TYPE BY INDUCTION)
510, PASSIVATION
XA X P EMITIER

l REGION l
N.TYPE BASE REGION

P TYPE COLLECTOR REGION

Cross Section of Planar Transistor

Now, Motorola has overcome these
obstacles—but it has taken a new man-
ufacturing process to do so. Rather
than trying to eliminate the channel,
Motorola, in a new series of “Band-
Guard” transistors, has deliberately in-
troduced a channel whose controlled
characteristics completely overshadow
the variable effects of any randomly
induced channel, thus providing a high

degree of performance stability. More-
over the controlled channel is ter-
minated close to the base region by a
diffused annular band of- the same
polarity as the collector region but with
a resistivity level impervious to chan-
neling. The collector-base junction,
therefore, is properly terminated un-
derneath the oxide coating where it is
protected against environmentally in-
duced leakage currents. The resultant
“Band-Guard” PNP silicon devices, for
the first time, combine the low-leakage
characteristics of passivated junctions
with the high-voltage characteristics of
non-passivated, or mesa structures.

And, if theoretical analysis of this
process is confirmed by tests now in
progress, they will prove to be more
resistant to radiation, thus heralding
improved performance and greater re-
liability of space equipment.

Though initially devised for the pro-
duction of high voltage silicon PNP
transistors, there are strong indications
that the Annular process yields major
benefits for NPN and field effect tran-
sistors and other semiconductor devices
as well.

In view of these considerations, there
is little doubt that the new, Motorola
developed Annular process will take
its place among the major milestones
in the advancement of the semicon-
ductor art.

*Patents Pending fTrademark of Motorola Inc.

ELECTRONIC DESIGN



NOW FROM MOTOROLA

EPITAXIAL PASSIVATED

PNP SILICON TRANSISTORS

Four new Motorola PNP silicon transistors made by the
Annular process and featuring high speed . . . high voltage . . .
low leakage . . . and surface passivation and stability, are now
immediately available as types 2N2800, 2N2801, 2N2837, and
2N2838. Called “Band-Guard” transistors, the new devices re-
flect performance advantages inherent in an Annular, oxide-
passivated, epitaxially fabricated transistor.

Annular Process — Provides a new degree of freedom from
surface effects of adverse environments. Gives a new degree of
performance stability by eliminating sub-surface leakage paths
to the unprotected edges of the device. Makes possible com-
bined high voltage and true silicon oxide passivation.

Oxide Surface Passivation — Prevents contamination of the
junction by external agents. Makes possible the low collector
leakage current (1/10th that of other PNP units) of Motorola’s
“Band-Guard” transistors.

Epitaxial Structure — Gives lower saturation voltage (%
lower) and twice the frequency response (120 mc) of ordinary
PNP devices.

Other types supplied as “Band-Guard” units
2N1132A, 2N1132B, and 2N722.

Motorola passivated, epitaxial “Band-Guard” transistors are im-
mediately available from your Motorola Seminconductor Distributor
or District Office. For full electrical specifications write: Technical

Information Center, Motorola Semiconductor Products, Inc., Box 955,
Phoenix 1, Arizona.

include 2N1132,

BOX 955 o PHOENIX 1, ARIZONA

g by the new ANNULAR PROCESS

‘““Band-Guard’’ Transistor Performance Ratings

Characteristic

2N2800
(T0-5 pkg)

2N2801
(T0-5 pkg)

2N2837

(T0-18 pkg)  (T0-18 pkg)

2N2838

Unit

Collector-Base Breakdown Voltage
(Ie = 10 pAde, I: = 0)

50

50

50

50

Vdc

Collector-Emitter Breakdown Voltage
(Ic = 100 mAdc, In = 0)

35

35

35

Vdc

Collector Cutoff Current
(Vee = 25 Vdc, Vi = 0.5 Vdc)

100

100

100

100

nAdc

DC Forward Current Transfer Ratio
(Ie = 150 mAdc, Ver = 10 Vdc)*

30-90

75-225

30-90

75-225

Current-Gain — Bandwidth Product
(Ie = 50 mAdc, Ver = 10 Vdc, f = 100 mc)

120

120

120

120

mc

*Pulse Test: Pulse Width =< 300 usec, duty cycle =2%

- .. also supplied as “Band-Guard’’ types:

Characteristic

2N1132
(T0-5 pkg)|

2N11324
(TO-5 pkg)

2N1132B
(T0-5 pkg)

(T0-18 pkg)

2N722

Unit

Collector-Base Breakdown Voltage
(I = 100 pAdc, Iz = 0)

50

60

70

50

Vde

Collector-Emitter Breakdown Voltage
(Ic = 100 mAdc pulsed)

35

40

45

35

Vdc

Collector Cutoff Current
(Ven =30 Vdc, 1, = 0)
(Ven =50 Vdc, I, = 0)

1.0

.01

1.0

#Adc

DC Forward Current Transfer Ratio
(Ie = 150 mAdc, Ver = 10 Vdc)

30-90

30-90

30-90

30-90

Current-Gain — Bandwidth Product
(Ic = 50 mAdc, Vy, = 10 Vde, f =20 mc)

60

60

60

60

mc

‘new leader in Total Silicon Technology

MOTOROLA Semiconductor Products Inc.

A SUBSIDIARY OF MOTOROLA INC,

ON READER-SERVICE CARD CIRCLE 450

May 24, 1963
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