No. 34,014A

2N1024

2N1026

TYPE 2N1024 and 2N1026 SEPT° TRANSISTORS

—— PNP Silicon Planar Epitaxial Series

ESIGNED for low-level audio frequency and general purpose switching and
amplifier applications, Type 2N1024 and 2N1026 SEPT Transistors pro-
vide outstanding low cost performance, both for new design and as economy

replacements for many older silicon and germanium transistors.

ABSOLUTE MAXIMUM RATINGS'

Collector-Base Voltage, Vcso
2N1024 ... — 18 volts
2N1026. .. —40 volts

Emitter-Base Voltage, Veso

2N1024...—18volts

2N1026. .. —40 volts
Collector-Emitter Voltage, Vceo

2N1024... — 15 volts
2N1026... —35 volts

Collector Current, lc. . ...................... 100 mA
Total Device Dissipationat25C. . .. .......... 250 mW
Derating Factor.. ... ............... 1.66 mW/°C
Lead Temperature (Vis” from case for 10 sec.}. .230 C
Storage Temperature. ............ —65C to +175C

TO-5 CASE

MECHANICAL SPECIFICATIONS

0.045
0.029 MEASURED FROM

MAX DIA OF ACTUAL

DEVICE

JEDEC TO-§ 90
CASE—
0.200

TERMINALS
LEAD 1 - EMITTER
LEAD 2~ BASE
LEAD 3- COLLECTOR
NOTE {: THIS LEAD DIA

0.250 FROM

|
0.031£0.003 gl
.0311 0. 0.125
as® 0.009 THK aly
MEASURED FROM~_ |
)\ BASE SEAT % -~
I :

A
WY/

00171 3:092 pia(NOTE 1)

0.100 MIN VARIATION IN ACTUAL DIA:
OVER THIS ZONE NOT TO EXCEED 0.010

APPLIES TO ZONE BETWEEN 0.050 AND

BASE SEAT. IN ZONE BETWEEN 0.250 AND
1.500, A MAX OF 0.021 DIA IS HELD. OUTSIDE OF THESE
ZONES, THE LEAD DIA IS NOT CONTROLLED.

DWG.NO. A- 3449

'The maximum ratings are limiting absolute values above which the serviceability may be impaired from the viewpoint of life or satisfactory per-
formance. The breakdown voltages may be far above the maximum voltage ratings. To avoid permanent damage to the transistor, do not attempt

to measure these characteristics above the maximum ratings.

ELECTRICAL CHARACTERISTICS at T-25C

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS
D -C CHARACTERISTICS

Icso Collector Cutoff Current At rated voltage —_— _— 0.025 MA
leso Emitter Cutoff Current At rated voltage —_ —_ 0.025 rA
Iceo Collector Cutoff Current Veg = —10V, TA = 150C 2N1024 —_ —_— 100 MA
Veg = —35V, Tpo = 150C 2N1026 — —_ 50 MA

HIGH FREQUENCY CHARACTERISTICS
hee Forward Current Gain IE = ImA, Veg = —6V 2N1024 9 —_— _ —_
2N1026 18 —_ 44 —
hip Input Resistance — 35 —_— Ohms
hep . Voltage Derision Ratio — 0.001 — —_
hob Output Conductance _ 14 —_ umhos
fap Alpha Cutoff Frequency 2N1024 1 — —_— Mc
2N1026 2 —_ —_ Mc
Cob Output Capacitance — 7 —_ pF
N.F. Noise Figure i Center Frequency = 1000 cps —_ 8 25 db

Equiv. Noise Bandwidth = 1 ¢ps

R = 1000Q

——= SEMICO
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TYPE 2N2162 SILICON P-N-P
CHOPPER TRANSISTORS

FOR USE IN low-level chopper applications, the capacitance insures minimum dis-
Type 2N2162 P-N-P Silicon Surface Precision tortion of chopped waveforms.
Alloy Transistors feature guaranteed 30-volt ratings
regardless of operating configuration, low offset

voltage, and low dynamic resistance.

The high frequency response, f; typically 20 Mc,

Matched pairs of the Type 2N2162
are available.

allows high chopping rates while the low diode ACTUAL SIZE

ABSOLUTE MAXIMUM RATINGS' MECHANICAL SPECIFICATIONS

Storage Temperature.............. —65to +140 C VAK DA OF ACTUAL DEwICE e
Collector Voltage, Vep.................. 30 volts 0.031£0.003 9.999 1,4 4

Emitter Voltage, Ves ........... ... ...... 30 volts MEASURED FROM 'r3?%'|
Emitter Voltage, Veco . . . ... ... 30 volts S T ==

Device Dissipation at 25 C Ambient.........150 mW N 7"@y e g.gslsg
Derating Factor. . .................. .. 1.3mW/° C '

6 s
JE%EACSEO'S 7, Jlt—
' The maximum ratings are limiting absolute values above which the 1500MiN+]

serviceability may be impaired from the viewpoint of life or satis- 0:20€£0.010 0.017*3:982 514 (NOTE 1)

RN

it

-0.001
. TERMINALS
factory performance. The diode breakdown and pund\fhro?gh LEAD 1 BT TER 0.100 MIN. VARIATION IN ACTUAL DIA
voltages may be far above the maximum collector voltage rating. LEAD 2- BASE OVER THIS ZONE NOT TO EXCEED 0.010

LEAD 3-COLLECTOR

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND 0.250
FROM BASE SEAT. IN ZONE BETWEEN 0.250 AND 1.500, AMAX
OF 0.021 DIA 1S HELD, QOUTSIDE OF THESE ZONES, THE LEAD
DIA IS NOT CONTROLLED. owe. a-216S

To avoid permanent d ge to the transistor, do not attempt to meas-
ure these characteristics above the maximum ratings.

ELECTRICAL CHARACTERISTICS at T=25C

CHARACTERISTICS TEST CONDITIONS MIN TYP. MAX UNITS
D-C CHARACTERISTICS
BVcBO Collector Breakdown Voltage Ic = —50uA ] 30 — — volts
BVEso Emitter Breakdown Voltage le = —50uA 30 — —_ volts
BVico Emitter Breakdown Voltage le = —50uA 30 — — volts
Icgo Collector Cutoff Current Veg = —10V _— .001 010 nA
leso Emitter Cutoff Current Ves = —10V — .001 .010 A
leco Emitter Cutoff Current Vec = —10V — 001 .010 uA
CHOPPER CHARACTERISTICS
Vore Offset Voltage B = —1maA — 1.4 2.0 mV
s Dynamic Resistance B = —1mA — 10 20 ohms
SMALL SIGNAL PARAMETERS
hfe Current Transfer Ratio Vce = —3Y, I = 1mA, f = 1Kc 20 35 — -
hfe Current Transfer Ratio Vce = —6V, IE = ImA, f = 4Mc 3.5 5 — —
fr Gain Bandwidth Product VCcE = —46V, le = 1mA, f = 4Mc 14 20 — Mc
Cob - Output Capacitance Ves = —6Y, Ig = ImA, f = 4Mc — 6.0 10 pF
Cib Inverted Output Ves = —6V, Ic = 1mA, f = 4Mc - 6.0 10 pF

Capacitance

2 Typical values are for engineering guidance only.
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SPRAGUE

\ THE MARK OF RELIABILITY

ELECTRIC
SALES OFFICES

SPRAGUE COMPANY

ALABAMA

In Huntsville, write

to Washington, D. C. office

or call Operator and ask for
WX4000. No charge for WX calls

ARIZONA

Sprague Electric Company
Guaranty Bank Bldg.
3550 N Central Ave.
Phoenix, Ariz. 85012

Tel. {602) 279-5435

CALIFORNIA

Spragve Electric Company
12870 Panama Street

Los Angeles, Calif. 90066
L.A. Tel. {213)870-0161
S.M. Tel. (213)391-0611
William J. Purdy of Calif.
312 Seventh Street

San Francisco, Calif. 94103
Tel. (415) 863-3300

*Refrigeration Components, Inc.
1448 West 240th Street

MASSACHUSETTS
Sprague Electric Company
Marshall Street

North Adams, Mass 01247
Tel. (413) 664-4411

Sprague Electric Company
343 Washington Street
Newton, Mass. 02158

Tel. (617) 969-7640

MICHIGAN

Sprague Electric Company
259 Collingwood

Ann Arbor, Mich. 48103

Tel. (313) 761-4080

In Detroit, call Operator and
Ask for Enterprise 7498

No charge for Enterprise calls

*Mareco, Inc.
Chamber of Commerce Bldg.
216 North Main Street
Adrian, Mich, 49221
Tel. (313) 365-2134

OHIO

Sprague Electric Company
24 North Main Street
Chagrin Falls, Ohio 44022
Tel. (216) 247-6488
Sprague Electric Company
224 Leo Street

Dayton, Ohio 45404

Tel. {513) 223-9187

In Cincinnati, Call Operator and
Ask for Enterprise 3-8805

No charge for Enterprise calls

TEXAS
Spragvue Electric Company

Suite 545, First Bank and Trust Bldg.

Richardson, Texas 75080
Tel. (214) 235-1256

WASHINGTON

Sprague Electric Company
4601 Aurora Ave. North
Seattle, Wash. 98103
Tel. (206) 632-7761

Harbor City, Calif. 90710

MINNESOTA O 0o O
Tel. (213) 325-3420 H. M. Richardson & Co., Inc.
COLORADO 9 East 22nd Street CANADA

Sprague Electric Company
5670 E. Evans Ave.
Denver, Colo. 80222

Tel (303) 756-3611

CONNECTICUT

Sprague Electric Company
Trumbull Park Business Center
935 White Plains Road
Trumbull, Conn, 06611

Tel. {203) 261-2551

DISTRICT OF COLUMBIA
Sprague Electric Company
3900 Wisconsin Avenue, N. W,
Washington, D. C. 20016

Tel. (202) 244-6006

FLORIDA
Sprague Electric Company
1439 Gulf to Bay Bivd.
Clearwater, Fla. 33515
Tel. (813) 446-0466
GEORGIA
*Joe E. Parker
P.O. 13043, Station K
1818 Sheridan Rd., N. E.
Atlanta, Ga. 30324
Tel. (404) 634-2451
ILLINOIS
Sprague Electric Company
5942 West Montrose Avenue
Chicago, lil., 60634
Tel. (312) 685-6400
*Refrigerants, Inc.
3422 Main Street
Skokie, lll. 60077 .
Tel. (312) 675-4000
INDIANA
Sprague Electric Company
2511 East 46th Street
Indianapolis, Ind. 46205
Tel. (317) 546-4911

Minneapolis, Minn. 55404
Tel. (612) 335-7734

MISSOURI

Sprague Electric Company
3910 Lindell Boulevard
St. Louis, Mo. 63108

Tel. (314) 535-7239

NEW JERSEY

Sprague Electric Company
Suite 106, Northgate Plaza
Camden, N. J. 08102
Cam. Tel. (609) 966-1776
Phila. Tel. {215) 925-3066

NEW MEXICO

C. T. Carlberg and Associates
P. O. Box 3177, Station D
Albuquerque, N. Mex. 87110
Tel. (505) 265-1579

NEW YORK

Sprague Electric Company
50 East 41st Street

New York, N. Y. 10017
Tel. (212) 679-1195

*Eastern Component Sales Co.
15 Bellemeade Ave.
Smithtown, L. I, N. Y. 11787
Tel. (516) 265-6700

William Rutt, Inc.

475 White Plains Rd.
Eastchester, N. Y. 10709
Tel. (914) 779-4100

NORTH CAROLINA
Sprague Electric Company
928 Burke Street
Winston-Salem, N. C. 27101
Tel. (919) 722-5151

*Airconditioning and Refrigeration Components Only.

Sprague Electric of Canada, Ltd.
10 Bertal Road

Toronto 15, Ont.,, Canada

Tel. (416) 766-6123

Sprague Electric of Canada, Ltd.
860 Decarie Blvd.

Ville St. Laurent

Montreal 9, P. Q. Canada

Tel. (514) 747-7811

EUROPE

Sprague Electric (U. K.) Ltd.
Trident House

Station Road

Hayes, Middlesex, England

Tel. 01.573-8833, Telex 261524

Sprague World Trade Corp.
Utoquai 41

8008 Zurich, Switzerland

Tel. 051 47-01-33, Telex 53876

Sprague G.m.b.H.

6000 Frankfurt am Main
Kettenhofweg 131

West Germany

Tel. 77-50-72,77-59-17
Telex 414008

Sprague France S.A.R.L.
14-16, Rue Gabriel Péri
92-Montrouge, France
Tel. 655-1919

Telex Sprague 25697F
Sprague-Creas, S. p. A.
Viale Legioni Romane, 27
Milano (S. O. 18), Italia
Tel.4034245,Telex 32012

HONG-KONG

Sprague World Trade Corp.
P. O. Box 14289

Hong Kong

Tel. 70-5254

In the construcfion of the components described, the full intent of the specification will be met. The Sprague

Electric Company, hovgever, reserves the right to make, from time to time,
tions as may be required to permit improvements in the design of its products.

approvals will be in accordance with the approval requirements.

ISSUE OF JUNE, 1062

Copyright © 1961 and 1962 by the Sprague Electric Co., North Adams, Mass. E-3-67

such departures from the detail specifica-
Components made under military
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No. 31,140A

TYPE 2N2163 SILICON P-N-P
CHOPPER TRANSISTORS

GUARANTEED VOLTAGE operation at 15 volts, capacitance insures minimum dis-

low offset voltage, low dynamic resistance tortion of chopped waveforms.
and high frequency response are the prime char- .
acteristics of Type 2N2163 P-N-P Silicon Surface Matched pairs of Type 2N2163

. . . Transistors are avai .
Alloy Transistors, designed for use in low-level an s are available

chépper applications.

The high frequency response, typically 20 Mc, ACTUAL SIZE

allows high chopping rates while the low diode
1
ABSOLUTE MAXIMUM RATINGS MECHANICAL SPECIFICATIONS
Storage Temperature. .. ............. -65t04-140C WAX DIA OF ACTUAL DEVICE wir
Collector Voltage, Ve ................... 15 volts 3:_3;;3003 9,009 1) B
Emitter Voltage, Ves . . ... ... ... .. ... . ... 15 volts MEASURED rroM }.g:%.l
Emitter Voltage, Veco- - - = - - - oo ce v e 15 volts —?—
—Device Pissipation—at-25-C Ambient -~ . - . ~156-mW : ) 929 == ode
Derating Factor. ..................... 1.3 mw/° \ b5 oo by
JEDEC TO-5 DR
CasE—"] .

' The maximum ratings are limiting absolute values above which the "s T / '5°°““N"1

serviceability may be impaired from the viewpoint of life or satis- °'2T°:::'°'° 001719992514 (noTE 1)

factory performance. The diode breakd and punchthrough LEAD |-‘:|::L1's'ren 0.100 MIN. VARIATION IN ACTUAL DIA:

voltages may be far above the maximum collector voltage rating. LEaD g—gsf&cmﬂ OVER THIS ZONE NOT TO EXCEED0.010

To avoid permanent d ge to the transistor, do not attempt to meas-

"¢ " A NOTE1: n-us LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND 0.250
ure these characteristics above the maximum ratings. OM BASE SEAT. IN ZONE BETWEEN 0.250 AND 1.500, A MAX

Py 021 DIA IS HELD, OUTSIDE OF THESE ZONES, THE LEAD
DIA IS NOT CONTROLLED.

INIYYUdS

NIl31ins
ONRIIINIONA

owé. a-2/65
ELECTRICAL CHARACTERISTICS  at T=25C
CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS
D-C CHARACTER|ST|CS
BVcBO Collector Breakdown Voltage lc = —50uA 15 — - volts
BVesO Emitter Breakdown Voltage I = —50pA 15 — — volts
BVeco Emitter Breakdown Voltage I = —50uA 15 — — volts
Icso Collector Cutoff Current Vee = —45Y — .001 -.010 uA
lE8O Emitter Cutoff Current VeB = — :g:’ — .001 010 uA
leco Emitter Cutoff Current VEc = — % —_ .001 010 HA
CHOPPER CHARACTERISTICS
VOEF Offset Voltage B = —ImA —_ 1.4 2.0 mV
13 Dynamic Resistance B = —ImA _ 10 20 ohms
SMALL SIGNAL PARAMETERS

hte Current Transfer Ratio Ve = —3V, Ik = 1mA f = 1Ke 20 35 - —
hfe Current Transfer Ratio Ve = —6V, g = ImA, f = 4Mc 3.5 5 - -—
fr Gain Bandwidth Product Vce = —6V, g = ImA, f = 4Mc 14 20 - Mc
Cob - Output Capacitance Veg = —6V, g = ImA, f = 4Mc — 6.0 10 pF
Cib Inverted Output Ves = —6V, Ic=1mA f = 4Mc — 6.0 10 pF

Capacitance

2 Typical values are for engineering guidance only.
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} —— ———Derating—Facto

TYPE

2N2164

TYPE 2N2164 SILICON P-N-P

CHOPPER TRANSISTORS

PECIFICALLY DESIGNED for use in low-level
chopper applications requiring low offset vol-
tage and dynamic resistance, the Type 2N2164
P-N-P Silicon Precision Alloy Transistors have a
high f;, typically 44Mc. Their low diode capa-

ABSOLUTE MAXIMUM RATINGS'

Storage Temperature . .. ... ... .. ... -65to +140C
Collector Voltage, Veg. ... .ot 12 volts
Emitter Voltage, Vep . ... ... ... ... .... 12 volts
Emitter Voltage, Veco . ... ................ 8 volts
Device Dissipation at 25 C Ambient. ... ...... 150 mW

LTSI T T T e e "] s3 m\N/° C

' The maximum ratings are limiting absolute valves above which the
serviceability may be impaired from the viewpoint of life or satis-
factory performance. The diode breakdown and punchthrough
voltages may be far above the maximum collector voltage rating.
To avoid permanent d ge to the transistor, do not pt fo meas-
vre these characteristics above the maximum ratings.

citance permits

high chopping

rates with low distortion of the
chopped waveforms.
Matched pairs of Type 2N2164

Transistors are available.

ACTUAL SIZE

MECHANICAL SPECIFICATIONS

0.029 MIN MEASURED FROM |
MAX DIA OF ACTUAL DEVICE
~0.031£0.0C3

w
a

- <

0.009 4, <
45°%3° '

MEASURED FROM

c
BASE SEAT 52004
— 1
0.290 0.290
o570 == 0335
- - @ /= A I
JEDEC TO-5S v V2 | [
CASE | / e SOOMIN > lew—
0.2001 0.010 fe—ed 00‘718'88?3'“”0“ 9
- ;
TERMINALS :
LEAD 1 - EMITTER 0.100 MIN. VARIATION N\ ACTUAL DA~
LEAD 2- BASE OVER THIS ZONE NOT TO EXCEED0.0C

LEAD 3-COLLECTOR

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BE TWEEN 0.050 AND 0.250
FROM BASE SEAT. IN ZONE BETWEEN 0.250 AND 1.500, AMAX
OF 0.021 DIA 1S HELD, QUTSIDE OF THESE ZONES, THE LEAD

DIA IS NOT CONTROLLED. oW 4-2'85

ELECTRICAL CHARACTERISTICS  at T=25C

CHARACTERISTICS TEST CONDITIONS MIN TYPR MAX UNITS
D-C CHARACTERISTICS
BVcso Collector Breakdown Voltage Ic = —50uA 12 —_ —_ volts
BVEBO Emitter Breakdown Voltage lE = —50uA 12 —_ — volts
BVEco Emitter Breakdown Voltage le = —50uA 8 — — volts
Iceo Coliector Cutoff Current Vg = — 45V — .002 020 uA
leBO Emitter Cutoff Current Ves = — 45V — .002 020 HA
CHOPPER CHARACTERISTICS
Yorr Offset Voltage B = —1mA — 0.9 1.5 mV
VorF Offset Voltage IBs = —0.25mA —_ 0.6 1.0 mY
rs Dynamic Resistance B = —1mA — 10 20 ohms
SMALL SIGNAL PARAMETERS

hte Current Transfer Ratio Vee = —3Y, g =1mA, f = 1Kc 25 40 —_ —_
hfe Current Transfer Ratio Vce = —6V, I = ImA, f = 4Mc 6.0 11 — —
fr Gain Bandwidth Product VCE = —6V, I = ImA, f = 4Mc 24 44 - Mc
Cob Output Capacitance Vee = —6V, I = ImA, f = 4Mc — 6.0 10 pF
Cib Inverted Output VEs = —6V, Ic= 1mA, f = 4Mc — 6.0 10 pF

Capacitance

2 Typical values are for engineering guidance only.

EXECUTIVE OFFICES: NORTH ADAMS, MASS.

CONCORD, N.H. * WORCESTER, MASS. —
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TYPE

2N216

TYPE 2N2165 SILICON P-N-P
CHOPPER TRANSISTORS

FOR USE IN low-level chopper applications, the
Type 2N2165 P-N-P Silicon Surface Precision
Alloy Transistors feature guaranteed 30-volt ratings
regardless of operating configuration, low offset
voltage, and low dynamic resistance.

The high frequency response, f; typically 18 Mc,
allows high chopping rates, while the low diode

ABSOLUTE MAXIMUM RATINGS'

Storage Temperature.............. —-65t0 +140 C
Collector Voltage, Veg.................. 30 volts
Emitter Voltage, Veg .. ........ ... ... ... ... 30 volts
Emitter Voltage, Veco . . - ...l 30 volts
Device Dissipation at 25 C Ambient. .. ... ... 150 mW
Derating Factor...................... 1.3mw/° C

! The maximum ratings are limiting absolute values above which the
serviceability may be impaired from the viewpoint of life or satis-
factory performance. The diode breakdown and punchthrough
voltages may be far above the maximum collector voltage rating.
To avoid per t d ge to the tr , do not attempt to meas-

vre these characteristics above the maxi rat

capacitance insures minimum dis-
tortion of chopped waveforms.

Matched pairs of Type 2N2165
Transistors are available.

ACTUAL SIZE

MECHANICAL SPECIFICATIONS

0.029 MIN MEASURED FROM
MAX DIA OF ACTUAL DEVICE

}
Lu(h
0.009 2 \ﬁ
0.031£0.003 8999 yhx |y
45°¢3°
MEASURED FROM !
BASE SEAT

001738992 51 (NoTE 1)
TERMINALS

LEAD | - EMITTER

LEAD 2~ BASE

LEAD 3- COLLECTOR

0.100 MIN. VARIATION IN ACTUAL DiA:
OVER THIS ZONE NOT TO EXCEED0.010

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND 0.250
FROM BASE SEAT. IN ZONE BETWEEN 0.250 AND 1.500, A MAX
OF 0.02! DIA 1S HELD, OUTSIDE OF THESE ZONES, THE LEAD
DIA IS NOT CONTROLLED. owe a-2165

ELECTRICAL CHARACTERISTICS  at T=25C

CHARACTERISTICS TEST CONDITIONS MIN TYP. MAX UNITS
D-C CHARACTERISTICS

BVcBo Collector Breakdown Voltage lc = —50uA 30 — — volts

BVEso Emitter Breakdown Voltage le = —50pA 30 — — volts

BVeco Emitter Breakdown Voltage e = —50pA 30 — — volts

Icso Collector Cutoff Current Veg = —10V — — .020 uA

[[3Ye) Emitter Cutoff Current Ves = —10V —_ —_ .020 nA
CHOPPER CHARACTERISTICS

Vorr Offset Voltage B = —1mA —_ 1.6 3.0 mV

rs Dynamic Resistance IB = —1mA — 20 20 ohms
SMALL SIGNAL PARAMETERS

hfe Current Transfer Ratio Vce = —6V, I = 1ImA, f = 4Mc 2.5 4.5 — -

fr Gain Bandwidth Product VCE= —6V, . lg = ImA, f = 4Mc 10 18 —_ Mc

Cob Output Capacitance Ve = — 6V, IeE = TmA, f = 4Mc _ 6.0 10 pF

Cib Inverted Output Ves = —6V, Ic = 1mA, f = 4Mc — 6.0 10 pF

Capacitance

2 Typical values are for engineering guidance only.

—— SPRAGUE ELECTRIC COMPANY

EXECUTIVE OFFICES: NORTH ADAMS, MASS.

SEMICONDUCTOR DIVISION
——— CONCORD, N.H. * WORCESTER, MASS. -
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TYPE

TYPE 2N2166 SILICON P-N-P
CHOPPER TRANSISTORS

G_UARANTEED VOLTAGE operationat 15 volts,
low offset voltage, low dynamic resistance and
high frequency response are the prime characteris-
tics of Type 2N2166 P-N-P Silicon Surface Alloy

ABSOLUTE MAXIMUM RATINGS'

Storage Temperature . . . ... .......... -65t04+140C
Collector Voltage, Vep ... ...t 15 volts
Emitter Voltage, Veg . .. .. ................. 15 volts
o Emitter Volfage, Veco . 7. ... .. ... T 15 velts
Device Dissipation at 25 C Ambient. . ... .. ... 150 mW
Derating Factor. ... ... ............. 1.3 mw/°C

' The maximum ratings are limiting absolute values above which the
serviceability may be impaired from the viewpoint of life or satis-
factory performance. The diode breakdown and punchthrough
voltages may be far above the maximum collector voltage rating.
To avoid permanent damage to the transistor, do not attempt to meas-
ure these characteristics above the maximum ratings.

t
Transistors, designed for use in i ‘
low-level chopper applications. %
Matched pairs of Type 2N2166 |
Transistors are available. [

ACTUAL SIZE

MECHANICAL SPECIFICATIONS

0.029 MIN MEASURED FROM
MAX DIA OF ACTUAL DEVKE

0.031£0.003 009
o 30 .
( 45743 MEASURED FROM

JEDEC TO-5 ==
A
CAsE / 1.500MIN -—I
0.200%0.010 001723302 14 (NoTE 1)
TERMINALS
LEAD | - EMITTER 0.100 MIN. VARIATION IN ACTUAL DiA
LEAD 2- BASE OVER THIS ZONE NOT TO EXCEED 0.010

LEAD 3-COLLECTOR

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BE TWEEN 0.050 AND 0.250
FROM BASE SEAT. IN ZONE BETWEEN 0.250 AND 1.500, A MAX
OF 0.02! DIA IS HELD, OUTSIDE OF THESE ZONES, THE LEAD
DIA IS NOT CONTROLLED. owe. 42165

ELECTRICAL CHARACTERISTICS ' at T=25C

No. 31,149A

Supersedes No. 31,149

2N2166

CHARACTERISTICS TEST CONDITIONS MIN TYP MAX _ UNMS
D-C CHARACTERISTICS
BVceo Collector Breakdown Voltage lc = —50uA 15 — - volts
BVEBO Emitter Breakdown Yoltage lE = —50uA 15 —_ —_ volts
BVeco Emitter Breakdown Voltage g = —50uA 15 — — volts
Iceo Coliector Cutoff Current Veg = —45V — — .020 pA
leBO Emitter Cutoff Current Ves = —45V —_ — .020 A
CHOPPER CHARACTERISTICS
VOFF Offset Voltage B = —1mA — 1.6 3.0 my
rs Dynamic Resistance Ip = —I1mA —_ 12 30 ohms
SMALL SIGNAL PARAMETERS
hfe Current Transfer Ratio VCE = —6V, g = ImA, f = 4Mc 2.5 4.5 —_ —
fr Gain Bandwidth Product VCE = —6V, g = ImA,f = 4 Mc 10 18 - Mc
Cob Output Capacitance Ve = —6V, I = ImA, f = 4ip — 60 10 pF
Cib Inverted Output VeB = —6V, Ic = 1mA,f = 4 Mc —_ 6.0 10 pF
Capacitance

4 Typical valves are for engineering guidance only.
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No. 31,1528

TYPE 2N2167 SILICON P-N-P
CHOPPER TRANSISTORS

PECIFICALLY DESIGNED for use in low-level  citance permits high chopping
chopper applications requiring low offset vol-  rates with low distortion of the
tage and dynamic resistance, the Type 2N2167  chopped waveforms.
P-N-P Silicon Precision Alloy Transistors have a Matched pairs of Type 2N2167
high f;, typically 36Mc. Their low diode capa-  Transistors are available.

ACTUAL SIZE

ABSOLUTE MAXIMUM RATINGS' MECHANICAL SPECIFICATIONS

Storage Temperature .. ... ..... .. .. ~-65t0 +140C AR DA OF SCT UL BEwICE 3’,1:

Coliector Voltage, Veg. ... ............... 12 volts 003140003 9009 11w S

Emitter Voltage, Ves .. ... ........... . . ... 12 volts P\ MEASURED FROM Ifgfgggj

Emitter Voltage, Veco o .. ... . ... ... ... 8 volts “ T ==

Collector Current, Ic ... ... ... ... ... ... .. —50 ma 0200 03 0290

Device Dissipation at 25 C Ambient 150 mw eme “ml
evice sipation ar <o C Amoient. . . .. ... .. /=

. . — ) ) N - 40002 |
! The maximum ratings are limiting absolute values above which the 17 0iA (NCTE 1)

Derating Factor....................... 1.3mw/eC FEEET K 1.500MN —+]
T T - - T - T 0.200% 0.010 ++ R Y T o

-0.001
. - . . 3 . . N TERMINALS
serviceability may be impaired from the viewpoint of life or satis- LEAD | - EMITTER 0.100 MIN. VARIATION 1N ACTUAL DiA-
- LEAD 2- BASE OVER THIS ZONE NOT TOEXCEEDO.0

foctory performance. The diode t:reokdown and pundnhro?gh LEAD 3-COLLECTOR
voltages may be far above the moximum collector voltage rating. NOTE 1: THiS LEAD D;;:T,PLES TO ZONE BETWEEN 0.050 AND 0.250

. td i mpt fo meas- ROM BASE . IN ZONE BETWEEN 0.250 AND 1.500, A MAX
To avoid per 1 d ge to the trar » do not attempt to mea OF 0.021 DIA IS HELD, OUTSIOE OF THESE ZONES, THE LEAD
ure these characteristics above the maximum ratings. DIA IS NOT CONTROLLED. Owe a=2ias

ELECTRICAL CHARACTERISTICS  at T=25C
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CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNITS
D-C CHARACTERISTICS

BVcBO Collector Breakdown Voltage Ilc = —50uA 12 — —_ volts

BVEsO Emitter Breakdown Voltage e = —50uA 12 — _ volts

BVeco Emitter Breakdown Voitage I = —50uA 8 — —_ volts

Icso Collector Cutoff Current Veg = — 4.5V — .002 .020 uA

leso Emitter Cutoff Current VEBE = — 4.5V _ 002 .020 nA
CHOPPER CHARACTERISTICS

Yorr Offset Voltage I3 = —1ImA — 2.5 mV

VoFF Offset Voltage B = —0.25mA — ) 1.5 mV

rs Dynamic Resistance B = —1mA — 10 20 ohms
SMALL SIGNAL PARAMETERS

hfe Current Transfer Ratio Vce = —6V, g = Imq, f = 4Mc 4.0 9.0 —_— -

fr Gain Bandwidth Product VCE = —6V,- g = Ima, + = 4Mc 16 36 —_ Mc

Cob Ovutput Capacitance Ve = —6Vr I = Ima, f = 4Mc -_ 6.0 10 pF

Cib Inverted Output VeB = —6V, Ic = Ima, f = 4Mc —_ 6.0 10 pF

Capacitance
2 Typical values are for engineering guidance only.
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No. 31,155A

TYPE 2N2185 AND 2N2187 SILICON
PRECISION-ALLOY TRANSISTORS

EXTREMELY LOW leakage current, low offset

voltage, and uniquely low inverted dynamic
saturation resistance are the prime characteristics
of Type 2N2185 Silicon Precision-Alloy Tran-
sistors, designed for use in low-level chopper ap-
plications.

ABSOLUTE MAXIMUM RATINGS'

Storage Temperature........... —65Cto 4+ 140 C
Collector Voltage, Vego. . ... oo —30 volts
Collector Voltage, Veeo. . ... oo —30 volts
Emitter Voltage, Veso . ................. —30 volts
Emitter Voltage, Veco.................. —30 volts
Collector Current, lc............... ... . ... —50 ma
Total Device Dissipation? ot 25 C.. ... .. .. .. 150 mw
Lead Temperature at i” + ¥&” fromcase. . ... ... ...

..... eeeiiieien.....230Cfor 10s2¢c

1 The mxulw- rofms are liriting obsolvte valves obm which the ufvincbnlily

breckdown voltages may be far above the maximum voltage ratings. To avoid
per d ge fo the transi do not pt fo these characteristics
above the moximum ratings.

2 Due to the nature of these transistors, the dissipation in the base emitter circuit
may be apprediable under high base drive conditions and must be included in the
total device dissipation. For temperatures above 25 C, derate by 1.3 mw/°C.

may be mpmred from the viewpoint of life or sonsfccfory performance. The

Type 2N2187 SPAT® identifies
matched pairs of Type 2N2185
transistors with the offset voltage
match guaranteed over the temp-
erature range of +25 C to 485 C.

MECHANICAL SPECIFICATIONS

45° NOM.

+ LINE OR DOT 0.170

LOCATION OF RED ‘_O.ZIO_.l

0.195
0.178

0.230 ]
0.209
=
TO-18
tt.soo—— 0.030 MAX
BASE i nd
0100 NOM
LEAD |- EmiTTER 002 Th SO DA
- _TERMIN LEaD 2—BASE . [(SEENOTED)
LEAD 3— COLL ECTOR

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND
0.250 FROM BASE SEAT. IN ZONE BETWEEN Q.250 AND
0.050, AMAX OF 0.021 DIA IS HELD. OUTSIDE OF THESE
ZONES, THE LEAD DIA IS NOT CONTROLLED.
DWC MO 4-3806

ELECTRICAL CHARACTERISTICS’ at T = 25 C

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX UNITS
D-C CHARACTERISTICS
Iceo Collector Cutoff Current Veg = —10V —_— —_ 1 nA
Icso Collector Cutoff Current Vg = —10V T = 465C —_ — 15 nA
leso Emitter Cutoff Current Ves = —10V -_ — 1 nA
leso Emitter Cutoff Current Ves = —10V T= 465C —_ — 15 nA
leco Emitter Current Vee = —10V — —_— ] nA
BV¢ceo Collector Breakdown Voltage Ic = —10nA 30 — —_ volts
BVceo Collector Breakdown Voltage Ic = —1uA 30 _— —_ volts
BVEsoO Emitter Breakdown Voltage Ig = —10nA 30 —_ — volts
BVEco Emitter Breakdown Voltage 13 = —10nA 30 —_ _ volts
VorF Offset Voltage 1B = —500uA —_ 1 1.5 mv
VorF Offset Voltage s = —1mA — 1.2 2.0 mV
VoFF Offset Voltage Ig = —1.5mA — 1.5 2.5 mV
HIGH FREQUENCY CHARACTERISTICS
rs Inverted Dynamic Saturation Resistance Ig = —1mA 13 = 100uA 8 14 20 ohms
Cib Input Capacitance Ves = —6V Ic =0 f = 4mc — 4 7 pF
Cob Output Capacitance Vg = —6V 13 =0 f = 4mc — é 9 pF
Ceb Emitter Diode Capacitance’ e = 0.25pA f = 10mc — 12 16 pF
—_ Emitter Diode Recovery Time$ I8 = —1mA nom. — 6 15 usec
fr Gain Bandwidth Product Ve = —6V Ig = ImA f = 4mc 6.5 10 — mc
TYPE 2N2187 MATCHED PAIR DATA
AVorr  Differential Offset Voltage? s = —1mA
TA = +425Cto +85C — — 50 uv
3Typical values are for engineering guidance only, 5To be measured in circuit of Figure 2. 7To be measured in circuit of Figure 4.

4To be measured in circuit of Figure 1.
“SPAT" is a registered trademark of the Philco Corp.
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INVERTED DYNAMIC rg TEST CIRCUIT

The inverted dynamic saturation resistance, which is the slope of the
Vorr, Ie characteristic at a specified base current, is measured in the
circuit shown in Figure 1. The circuit reads rs directly as the ratio
of the a-c coliector voltage, V, to a calibrated a-c¢ collector current.
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FIGURE 3
RECOVERY, TIME TEST CIRCUIT

The emitter diode reverse recovery time, a measure of the transient
response of the chopper, is measured in the circuit of Figure 3. The
measurement is made as the time for the emitter current to recover
from a specified forward value to a specified reverse value. The
IN3064 diode across the 10K emitter resistance serves to clamp the
emitter potential to reduce the output voltage change to a convenient
level.
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EMITTER DIODE CAPACITANCE TEST CIRCUIT

Figure 2 shows the test circuit for the measurement of the emitter diode
capacitance, Cep. The measurement is made with the emitter diode
slightly forward biased (lg = 0.25uA). The 10 MC test signal from
the admittance bridge should be less than 40 MV RMS.
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FIGURE 4
MATCHED OFFSET VOLTAGE TEST CIRCUIT

The offset voltage match, AVOFr, is measured in the circuit of Figure 4.
The difference in the offset voltage at the specified base current is
measured with a digital voltmeter,

In the construction of the components described, the full intent of the specification will be met. The Sprague
Electric Company, however, reserves the right to make, from time to time, such do;:_aﬂures from the detail specifica-

tions as may be required to permit improvements in the design of its pr

duset.

made under military

approvals will be in accordance with the approval requirements,

The information included herein is believed to be accurate and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.
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