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For Continuing Information on Tl Power Semiconductors

This catalog provides technical descriptions and specifications on power
semiconductor devices and functions manufactured by Texas Instruments.
As a leading manufacturer of power devices, TI is continually developing and
introducing new products to the electronics industry.

So that we can register your name as a holder of this new data book and to
inform you of other catalogs as they become available, please complete and
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IMPORTANT NOTICES

Texas Instruments reserves the right to make changes
at any time in order to improve design and to supply
the best product possible.

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



THE POWER SEMICONDUCTOR DATA BOOK

From the earliest days of transistors, semiconductor circuit designers have needed devices capable of handling the
power functions of their equipment.

The past twenty years in the semiconductor industry have brought extensive development of power products—
germanium power transistors, silicon power transistors, thyristors, and more recently, power function modules. The
future will certainly bring even further developments in power devices and functions.

Along with advancements in integrated circuit technology, improvements in power devices will aid equipment design
engineers in their efforts toward continual enhancement of functional utility, cost effectiveness, and reliability of
designs.

In this 800-page data book, Texas Instruments is pleased to catalog important power semiconductor products available
in the industry, and to present technical information on Tl’s broad line of power transistors, thyristors, and power
function products.

You will find essential design information on Germanium and Silicon Power Transistors, SCR's, Triacs, and Power
Function modules. In Silicon Power, Tl's extensive product line encompasses high-voltage as well as low-voltage, high-
safe-operating-area (SOA) designs, power Darlingtons, fast switching types, radiation-tolerant designs, JAN and JANTX
types, and both metal can and plastic package types.

Most of the silicon power devices, as well as a broad range of SCR'’s and Triacs, are offered in T's specially designed
plastic packages. These designs incorporate glass-passivated junctions with thermally-matched epoxy and piece-parts, for
high reliability—plus the adaptability for high-volume, cost-effective production.

Section 8 features the Technical Response Lab (TRL). The TRL facility provides a broad capability for custom designs
to meet special needs. This capability includes custom silicon chip design for specific electrical performance, together
with custom packaging techniques for reliable performance of devices under unique environmental conditions. These
high-volume, low-cost, highly-reliable devices, on one hand, and high-performance, custom designs for special
applications, on the other, represent T1’s two-fold approach to the power market. Thus product coverage is broad, with
the capability of serving a very wide range of customer needs.

The data book indices are designed with margin tabs for ease in location of data sheets for specific products, as well as
general information categories. Included are an alpha-numeric index to product data sheets and product cross-reference
and selection guides.

We sincerely hope you will find this Power Semiconductor Data Book for Design Engineers a valuable addition to your
technical library. It represents Tl experience since the early 1950's in the design and manufacture of power
semiconductor products.
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TERMS AND DEFINITIONS
POWER TRANSISTORS

POWER TRANSISTORS

POWER TRANSISTOR SAFETY CONSIDERATIONS

The designer, maker, and user of electrical equipment containing power transistors should give attention to the
following points relative to the safety of personnel that may operate the equipment.

The electrical potentials of the collector, emitter, and base terminals on the transistor present an electrical shock hazard
when the equipment is energized.

The normal operating case temperature of energized transistors is often high enough to present burn hazards to both
operating personnel and flammable material touching the transistor.

If the transistor is falsely turned “on’’ or fails, power will be applied to the equipment load. Operator safety may be
affected by an unexpected energizing of the load.

In the event that an equipment output short or internal fault condition develops, very high surge current can be passed
through the transistor. If this condition exceeds transistor ratings for magnitude and duration, the transistor may be
damaged; and if the surge is severe enough, internal heating can cause the transistor to rupture and perhaps sustain an
arc.

POWER TRANSISTOR STANDARDS
Following are sources of standard material relating to Power Transistors:

EIA and JEDEC Standards:
Electronic Industries Association
2001 Eye St. N.W., Washington, D.C. 20006
Telephone: 202-659-2200
JC-25 Power Transistor Registration Formats RDF-1 to RDF-6
Test Procedures for Verification of Maximum Ratings of Power Transistors—JEDEC Publication No.65

Thermal Resistance Measurements of Conduction Cooled Power Transistors—E|A Standard RS-313-A

JEDEC Recommendations for Letter Symbols, Abbreviations, Terms, and Definitions for Semiconductor Device
Data Sheets and Specifications—JEDEC Publication No. 77

Standard List of Values to be used in Power Transistor Device Registration and Minimum Differences for
Discretness of Registration—JEDEC Publication NO. 74
1EC Standards

American National Standards Institute, Inc.
1430 Broadway

New York, N. Y. 10018

Telephone: 212-868-1220

1EC Publication 147: Essential Ratings and Characteristics of Semiconductor Devices and General Principles of
Measuring Methods.
|EC Publication 148: Letter Symbols for Semiconductor Devices and Integrated Microcircuits

|EC Publication 191: Mechanical Standardization of Semiconductor Devices.

TEXAS INSTRUMENTS 1
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Military Standards

Commanding Officer, U.S. Naval Publications and Forms Center,
5801 Tabor Avenue, Philadelphia, Pa., 19120.

MIL-S-19500: Semiconductor Devices, General Specification for
MIL-STD-105: Sampling Procedures and Tables for Inspection by Attributes
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts
MIL-STD-750: Test Methods for Semiconductor Devices

MIL-STD-883: Test Methods and Procedures for Microelectronics

12 TEXAS INSTRUMENTS
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TERMS AND DEFINITIONS
POWER TRANSISTORS

POWER TRANSISTOR TERMS, DEFINITIONS, AND LETTER SYMBOLS
Introduction

This part contains letter symbols, abbreviations, terms, and definitions commonly used with Power Transistors. Most of
the information was obtained from JEDEC Publication No. 77. This document and the JC-25 JEDEC registration
formats have over-riding authority where any conflict may occur.

Power Transistor Terms and Definitions

Term Definition

base (B,b)* . . . . . . . . . . . . . . Aregion which lies between an emitter and collector of a transistor
and into which minority carriers are injected. (Ref. 60 IRE 28.51)

breakdown . . . . . . . . . . . . . . A phenomenon occurring in a reverse-biased semiconductor junc-
tion, the initiation of which is observed as a transition from a region
of high small-signal resistance to a region of substantially lower
small-signal resistance for an increasing magnitude of reverse current.
(Ref RS-282 par. 1.38)

breakdownregion . . . . . . . . . . . A region of the volt-ampere characteristic beyond the initiation of
breakdown for an increasing magnitude of reverse current. (Ref
RS-282 par. 1.37)

breakdownvoltage . . . . . . . . . . . The voltage measured at a specified current in a breakdown region.
(Ref MIL-S-19500D par. 20.3)

collector (C,c)* . . . . . . . . . . . . Aregion through which a primary flow of charge carriers leaves the
base. (Ref. 60 IRE 28.51)

emitter (E,e)* . . . . . . . . . . . . . Aregion from which charge carriers that are minority carriers in the
base are injected into the base. (Ref. 60 IRE 28.51)

junction,collector . . . . . . . . . . . A semiconductor junction normally biased in the high-resistance
direction, the current through which can be controlled by the
introduction of minority carriers into the base. (Ref. 60 IRE 28.51)

junction,emitter . . . . . . . . . . . . A semiconductor junction normally biased in the low-resistance
direction to inject minority carriers into the base. (Ref. 60
IRE 28.51)

opencircuit . . . . . . . . . . .. . . A circuit shall be considered as open-circuited if halving the

magnitude of the terminating impedance does not produce a change
in the parameter being measured greater than the required accuracy
of the measurement. (Ref MIL-S-19500D par. 20.8)

reversecurrent . . . . . . . . . . . . . The current that flows through a semiconductor junction in the
reverse direction.

*NOTE: References to base, collector, and emitter symbolism
(B, b, C, ¢, E, and e) refer to the device terminals connected to those
regions.

TexAas lNSTRUDM ENTS 13
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Term

reverse direction

saturation

second breakdown

semiconductor device

semiconductor junction

short-circuit
small-signal

static value

terminal

thermal resistance (steady-state)

Definition

The direction of current flow which results when the n-type semi-
conductor region is at a positive potential relative to the p-type region.

A base-current and a collector-current condition resulting in a
forward-biased collector junction.

A condition of the transistor, resulting from a lateral current
instability, in which the electrical characteristics are determined
principally by the spreading resistance of a thermally maintained
current constriction. The initiation of second breakdown is observed
as a decrease in the voltage sustained by the collector.

NOTE: Second breakdown differs from thermal failure in that its
initiation can not be predicted from low-voltage thermal resistance
measurements.

Unless the current and duration in second breakdown are limited, the
high junction temperature at the current constriction will result in
failure, usually as a collector-to-emitter short-circuit.

Second breakdown can occur at postitive, negative, or zero base
current.

(To protect a transistor against second breakdown, see section:
“’Safe Operating Areas for Power Transistors.")

. A device whose essential characteristics are due to the flow of charge

carriers within a semiconductor. (Ref. RS-282 par. 1.09)

A region of transition between semiconductor regions of different
electrical properties (e.g., n-n+, p-n, p-p+ semiconductors), or
between a metal and a semiconductor. (Ref. RS-282 par. 1.0)

A circuit in which doubling the magnitude of the terminating
impedance does not produce a change in the parameter being
measured that is greater than the required accuracy of the
measurement. (Ref. MIL-S-19500D par. 20.16)

A signal which when doubled in magnitude does not produce a
change in the parameter being measured that is greater than the
required accuracy of the measurement. (Ref. MIL-S-19500D
par. 20.17)

A non-varying value or quantity of measurement at a specified fixed
point, or the slope of the line from the origin to the operating point
on the appropriate characteristic curve. (Ref. IEEE #255 par. 2.2.1)

An externally available point of connection to one or more
electrodes. (Ref. RS-282 par. 1.14)

The temperature difference between two specified points or regions
divided by the power dissipation under conditions of thermal
equilibrium. (Ref. IEEE #223)

14
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Term Definition

transient thermal impedance . . . . . . . The change of temperature difference between two specified points
or regions at the end of a time interval divided by the step function
change in power dissipation at the beginning of the same time
interval causing the change of temperature difference.
(Ref. IEEE #223)

transistor . . . . . . . .. . . .. . . Anactive semiconductor device capable of providing power amplifi-
cation and having three or more terminals. (Ref. |IEC #1470
par. 0-2.8)

transistor, junction, multijunction type . . . A transistor having a base and two or more junctions.

Graphic symbols for emitter, base, collector transistors:
(Ref. ANS Y32.2)

NOTE: In the graphic symbols, the envelope is optional if no
element is connected to the envelope.

N-P-N P-N-P
Collector Collector
Base Base
Emitter Emitter
TEXAS INSTRUMENTS 15
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POWER TRANSISTORS

Power Transistor Letter Symbols, Terms, and Definitions

Symbol

Cibo

Cobo

fhie

fr

Gpe

hFE

hfe

hiE

hie

hie(imag)

hie(real)

Term

open-circuit input capacitance

open-circuit output capacitance

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

transition frequency

or
frequency at which small-signal for-
ward current  transfer ratio
(common-emitter) extrapolates to
unity

large-signal insertion power gain
(common-emitter)

static forward current transfer ratio
(common-emitter)

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

static input resistance (common-
emitter)

small-signal short-circuit input im-
pedance (common-emitter)

imaginary part of the small-signal
short-circuit  input  impedance,
(common-emitter)

real part of the small-signal
short-circuit  input  impedance,
(common-emitter)

small-signal open-circuit output ad-
mittance, (common-emitter)

Definition

The capacitance measured across the input terminals
(emitter and base) with the collector open-circuited
for ac. (Ref. IEEE #255)

The capacitance measured across the output terminals
(collector and base) with the input open-circuited to
ac. (Ref. |EEE #255)

The lowest frequency at which the magnitude of the
small-signal short-circuit forward current transfer
ratio is 0.707 of its value at a specified low frequency
(usually 1 kHz or less). (Ref. IEEE #255)

The product of the modulus (magnitude) of the
common-emitter small-signal short-circuit forward
current transfer ratio, hfe, and the frequency of
measurement when this frequency is sufficiently high
so that the modulus (magnitude) of hfg is decreasing
with a slope of approximately 6 dB per octave.
(Ref. IEEE #255)

The ratio, usually expressed in dB, of the signal
power delivered to the load to the large-signal power
delivered to the input.

The ratio of the dc collector current to the dc base
current. (Ref. MIL-S-19500D par. 30.28)

The ratio of the ac collector current to the
small-signal ac base current with the collector
short-circuited to the emitter for ac. (Ref.
MIL-S-19500D par. 30.20)

The ratio of the dc base-emitter voltage to the dc base
current. (Ref. MIL-S-19500D par. 30.29)

The ratio of the small-signal ac base-emitter voltage to
the ac base current with the collector short-circuited
to the emitier for ac. (Ref. MIL-S-19500D
par. 30.24)

The ratio of the out-of-phase (imaginary) component
of the small-signal ac base-emitter voltage to the ac
base current with the collector terminal
short-circuited to the emitter terminal for ac.

The ratio of the in-phase (real) component of the
small-signal ac base-emitter voltage to the ac base
current with the collector terminal short-circuited to
the emitter terminal for ac. '

The ratio of the ac collector current to the
small-signal ac collector-emitter voltage with the base
terminal open-circuited to ac. (Ref. MIL-S-19500D
par. 30.15)

TEXAS| INSTRUMENTS
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol

hoe(imag)

hoe(real)

Term

imaginary part of the small-signal
open-circuit output
(common-emitter)

real part of the
open-circuit output
(common-emitter)

admittance,

small-signal
admittance,

current, dc (base-terminal, collector-
terminal, emitter-terminal)

current, rms value of alternating
component (base-terminal, collector-
terminal, emitter-terminal)

current, instantaneous total value

(base-terminal,

emitter-tel

rminal)

collector-terminal,

Definition
The ratio of the ac collector current to the
out-of-phase  (imaginary) component of the
small-signal collector-emitter voltage with the base
terminal open-circuited to ac.

The ratio of the ac collector current to the in-phase
(real) component of the small-signal collector-emitter
voltage with the base terminal open-circuited to
ac.

The value of the dc current into the terminal
indicated by the subscript.

The root-mean-square value of alternating current
into the terminal indicated by the subscript.

The instantaneous total value of alternating current
into the terminal indicated by the subscript.

DIAGRAM ILLUSTRATING FOREGOING CURRENTS (Ref IEEE # 255)

NO ALTERNATING
COMPONENT

IcBO

COLLECTOR CURRENT

D

Ic(av)
C VALUE WITH

\ ALTERNATING

C
DC VALUE '

COMPONENT

lc
ROOT-MEAN-SQUARE
VALUE OF
ALTERNATING CURRENT

ALTERNATING COMPONENT
- — - -

lem
MAXIMUM (PEAK)
VALUE OF

cm

c
INSTANTANEOUS VALUE
OF ALTERNATING COMPONENT

Ic(RMS)
ROOT-MEAN-SQUARE
TOTAL VALUE

NO ALTERNATING| MAXIMUM (PEAK) ic
COMPONENT | TOTAL VALUE INSTANTANEOUS
I TOTAL VALUE
1 TIME
y WITH ALTERNATING —e ]
COMPONENT

collector cutoff current, dc, emitter

open

The dc current into the collector terminal when it is
biased in the reverse direction with respect to the
base terminal and the emitter terminal s
open-circuited. (Ref. IEEE #255)
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol

IcEO

ICES
ICEV

ICEX

IEBO

PBE

PBE

POE

Pr

rb'Ce

Term Definition
collector cutoff current, dc (base The dc current into the collector terminal when it is
open biased in the reverse direction® with respect to the
resistance between base and | emitter terminal and the base terminal is (as indicated
emitter, by the first subscript letter as follows):

base short-circuited to emitter, .
short-circuited to emitt O = open-circuited

voltage between base and emitter, | R = returned to the emitter terminal through a
specified resistance.

circuit between base and emitter, _— . .
be itter) S = short-circuited to the emitter terminal.

V = returned to the emitter terminal through a spe-
ified voltage.

X = returned to the emitter terminal through a spe-

ified circuit.

(Ref. IEEE #255)
emitter cutoff current, dc, collector The dc current into the emitter terminal when it is
open baised in the reverse direction with respect to the

base terminal and the collector terminal is
open-circuited. (Ref. IEEE #255)

power input, dc (to the base, The product of the dc input current and voltage with
common-emitter) the common-emitter circuit configuration.

power input; instantaneous total The product of the instantaneous input current and
(to the base, common-emitter) voltage with the common-emitter circuit configu-
ration.

large-signal output power (common-  The product of the large-signal ac output current and
emitter) voltage with the common-emitter circuit configu-
ration.

total nonreactive power input to all  The sum of the products of the dc input currents and
terminals voltages, i.e..

VBE * Ig + VcE* I or
VBE*lE+VCB " IC

nonreactive power input, instanta- The sum of the products of the instantaneous input

neous total, to all terminals currents and voltages.

collector-base time constant The product of the intrinsic base resistance and
collector capacitance under specified small-signal con-
ditions.

*For these parameters, the collector terminal is con-
sidered to be biased in the reverse direction when it
is made positive for N-P-N transistors or negative for
P-N-P transistors with respect to the emitter terminal.

18
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol Term Definition
Ro thermal resistance Refer to thermal resistance (steady state), page 1-4.
(formerly 0)
Roaca thermal resistance case-to-ambient The thermal resistance (steady-state) from the device
case to the ambient.
RoJA thermal resistance junction-to- The thermal resistance (steady-state) from the semi-
(formerly 6 5.a) ambient conductor junction (s) to the ambient.
RoJc thermal resistance junction-to-case The thermal resistance (steady-state) from the semi-
(formerly 0 j.c) conductor junction (s) to a stated location on the
case.
Roam thermal resistance junction-to- The thermal resistance (steady-state) from the semi-
mounting surface conductor junction (s) to a stated location on the
mounting surface.
TA ambient temperature or free-air The air temperature measured below a device, in an
temperature environment of substantially uniform temperature,

cooled only by natural air convection and not
materially affected by reflective and radiant surfaces.
(Ref. MIL-S-19500D par. 20.20.1)

Tc case temperature The temperature measured at a specified location on
the case of a device. (Ref. MIL-S-19500D
par. 20.20.2)

Ty virtual junction temperature A theoretical temperature based on a simplified

representation of the thermal and electrical behavior

of the semiconductor device.

NOTE: This term (and its definition) is taken from
|EC standards. It is particularly applicable to
multi-junction semiconductors and is used in
this publication to denote the temperature of
the active semiconductor element when
required in specifications and test methods.
The term “‘junction temperature” is used
interchangeably with the term “virtual
junction temperature’’ in this publication.

Tstg storage temperature The temperature at which the device, without any
power applied, is stored. (Ref. MIL-S-19500D
par. 20.20.3)

4 delay time The time interval from the point at which the leading

edge of the input pulse has reached 10 percent of its
maximum amplitude to the point at which the
leading edge of the output pulse has reached 10
percent of its maximum amplitude. (Ref. MIL-S-
19500D par. 20.13)

tf fall time The time duration during which the trailing edge of a
pulse is decreasing from 90 to 10 percent of its
maximum amplitude. (Ref. MIL-S-19500D
par. 20.12)
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol

tr

ts

tw

PULSE AMPLITUDE ~———————®

Term
turn-off time
turn-on time

pulse time

rise time

storage time

pulse average time

Definition
The sum of tg + tf.
The sum of tg + ty.

The time duration from the point on the leading edge
which is 90 percent of the maximum amplitude to
the point on the trailing edge which is 90 percent of
the maximum amplitude. (Ref. MIL-S-19500D
par. 20.15)

The time duration during which the amplitude of the
leading edge of a pulse is increasing from 10 to 90
percent of its maximum amplitude.
(Ref. MIL-S-19500D par. 20.13)

The time interval from a point 90 percent of the max-
imum amplitude on the trailing edge of the input
pulse to a point 90 percent of the maximum amplitude
on the trailing edge of the output pulse. (Ref. MIL-S-
19500D par. 20.14)

The time duration from the point on the leading edge
which is 50 percent of the maximum amplitude to a
point on the trailing edge which is 50 percent of the
maximum amplitude. (Ref. MIL-S-19500D
par. 20.10)

DIAGRAM ILLUSTRATING PULSE TIME SYMBOLOGY

OUTPUT PULSE
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol

V(BRICBO
(formerly BVcgQ)

V(BR)CEO.
(formerly BVCEQ)

V(BR)CER.
(formerly BVCER)

V(BR)CES
(formerly BVCES)

V(BR)CEV.
(formerly BVCEY)

V(BR)CEX
(formerly BVCEX)

V(BR)EBO,
(formerly BVEBQ)

VBB,
vce.
VEE

VBC.

VBE,
Ve,
VCE

VEB.
VEC

VBE(sat)

Term Definition

The breakdown voltage between the collector termi-
nal and the base terminal when the collector terminal
is biased in the reverse direction with respect to the
base terminal and the emitter terminal s
open-circuited. (Ref. IEEE #255)

breakdown voltage collector-to-
base, emitter open

The breakdown voltage between the collector termi-
nal and the emitter terminal when the collector
terminal is biased in the reverse direction® with
respect to the emitter terminal and the base terminal
is (as indicated by the last subscript letter as follows):

breakdown voltage, collector-to-
emitter with (base open,

resistance between base and emitter,
base short-circuited to emitter, L
O = open-circuited.

R = returned to the emitter terminal througha

voltage between base and emitter, specified resistance.

S = short-circuited to the emitter terminal.

circuit between base and emitter)
7/ _ . .
V = returned to the emitter terminal through a

specified voltage.

X = returned to the emitter terminal througha
specified circuit.
(Ref. IEEE #255)

The breakdown voltage between the emitter and base
terminals when the emitter terminal is biased in the
reverse direction with respect to the base terminal
and the collector terminal is open-circuited.
(Ref, IEEE #255)

breakdown voltage, emitter-to-base,
collector open

The dc supply voltage applied to a circuit connected
to the reference terminal.

supply voltage, dc (base, collector,
emitter)

collector, first subscript and the reference terminal (stated in
terms of the polarity at the terminal indicated by the
first subscript).

voltage, dc or average (base-t%> The dc voltage between the terminal indicated by the

base-to-emitter,
collector-to-base,

collector-to-emitter,

emitter-to-base,

emitter-to-collector)

/

saturation voltage, dc, base-to-emitter The dc voltage between the base and emitter termi-
nals for specified base-current and collector-current
conditions which are intended to ensure that the
collector junction is forward-biased.

*For these parameters, the collector terminal is con-
sidered to be biased in the reverse direction when it
is made positive for N-P-N transistors or negative for
P-N-P transistors with respect to the emitter terminal.
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol
VcBO

VCE(sat)

VCEO
VCER

VCES
VCev

VCEX

VCEO(sus)
VCER(sus)
VCES(sus)
VCEV (sus)

VCEX (sus)

VEB(fi)

Term

collector-to-base voltage, dc, emit-
ter open

saturation voltage, dc, collector-to-
emitter

collector-to-emitter voltage, dc, witﬁ)

(base open,

resistance between base and emit-
ter,

base short-circuited to emitter,

voltage between base and emitter,

circuit between base and emitter)

sustaining voltage, collector-to-
emitter with (base open,

resistance between base and emit-
ter,

base short-circuited to emitter,

voltage between base and emitter,

circuit between base and emitter) )

dc open-circuit voltage (floating po-
tential) (emitter-to-base)

Definition
The dc voltage between the collector terminal and the

base terminal when the emitter terminal is
open-circuited.

The dc voltage between the collector and the emitter
terminals for specified saturation conditions.
(Ref. IEEE #255)

The dc voltage between the collector terminal and the
emitter terminal when the base terminal is (as
indicated by the last subscript letter):

O = open-circuited.

R= returned to the emitter terminal through a
specified resistance.

S = short-circuited to the emitter terminal.

V = returned to the emitter terminal through a
specified voltage.

X = returned to the emitter terminal through a
specified circuit.

The collector-to-emitter breakdown voltage at rela-
tively high values of collector current where the
breakdown voltage is relatively insensitive to changes
in collector current. The base terminal is (as indicated
by the third subscript letter as follows):

O = open-circuited

R = returned to the emitter terminal through a
specified resistance

$ = short-circuited to tHe emitter terminal

= returned to the emitter terminal through a
specified voltage

X= returned to the emitter terminal through a
specified circuit.

NOTE: This would be the transient voltage between
the collector and emitter terminals during switching
with an inductive load from a forward-biased base-
emitter to an external condition described by the
third subscript letter.

The dc open-circuit voltage (floating potential) be-
tween the emitter terminal and the base terminal
when the collector terminal is biased in the reverse
direction with respect to the base terminal..
(Ref. IEEE #255)
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TERMS AND DEFINITIONS
POWER TRANSISTORS

Symbol

VEBO

Z9(t)
(formerly 6 (¢))

Z9JA(t)
(formerly 6 J-A(t))

Z6J4C(t)
(formerly 64c(t))

Term

emitter-to-base voltage, dc, col-
lector open

transient thermal impedance

transient thermal impedance, junc-
tion-to-ambient

transient thermal impedance, junc-
tion-to-case

Definition

The dc voltage between the emitter terminal and the
base terminal with the collector terminal
open-circuited.

Refer to transient thermal impedance, page 1-5.

The transient thermal impedance from the semi-
conductor junction (s) to the ambient.

The transient thermal impedance from the semi-
conductor junction (s) to a stated location on the
case.
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TERMS AND DEFINITIONS
THYRISTORS

THYRISTORS

_ Thyristor Standards

The documents listed below have overriding authority where any conflict may occur with this date book.
EIA and JEDEC Standards

The thyristor terms and definitions presented in this data book were obtained from EIA Standards Proposal
No. 1101. This standard is in the process of publication and will be available from:

Electronic Industries Association
2001 Eye St. N.w.,

Washington, D.C. 20006
Telephone: 202-659-2200

IEEE Standards

Institute of Electrical and Electronic Engineers, Inc.
345 East 47th. Street
New York, N.Y. 10017

IEEE No. 233: Standard Definitions of Terms for Thyristors
International Electrotechnical Commission Standards

American National Standards Institute, Inc.
1430 Broadway
New York, N.Y. 10018

IEC Publication 147-1C: Essential Ratings and Characteristics of Semiconductor Devices and General
Principles of Measuring Methods
1EC Publication 148: Letter Symbols for Semiconductor Devices and. Integrated Circuits

|EC Publication 191: Mechanical Standardization of Semiconductor Devices.
Military Standards

Commanding Officer, U.S. Naval Publications and Forms Center

5801 Tabor Avenue

Philadelphia, Pa., 19120
MIL-S-19500: Semiconductor Devices, General Specification for
MIL-STD-105: Sampling Procedures and Tables for Inspection by Attributes
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts
MIL-STD-750: Test Methods for Semiconductor Devices
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TERMS AND DEFINITIONS
THYRISTORS

Classes of Thyristors

Bidirectional Diode Thyristor
A two-terminal thyristor having substantially the same switching behavior in the first and third quadrants of the u
principal voltage-current characteristic. (See Figure 4).

Bidirectional Triode Thyristor

A three-terminal thyristor having substantially the same switching behavior in the first and third quadrants of the
principal voltage-current characteristic. (See Figure 4).

N-Gate Thyristor

A thyristor in which the gate terminal is connected to the N-region adjacent to the region to which the anode
terminal is connected and which is normally switched to the on-state by applying a negative signal between gate
and anode terminals,

P-Gate Thyristor

A thyristor in which the gate terminal is connected to the P-region adjacent to the region to which the cathode
terminal is connected and which is normally switched to the on-state by applying a positive signal between gate
and cathode terminals.

Reverse-Blocking Diode Thyristor

A two-terminal thyristor which switches only for positive anode-to-cathode voltages and exhibits a reverse-
blocking state for negative anode-to-cathode voltages.

Reverse-Blocking Triode Thyristor

A three-terminal thyristor which switches only for positive anode-to-cathode voltages and exhibits a
reverse-blocking state for negative anode-to-cathode voltages.

Reverse-Conducting Diode Thyristor

A two-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage.

Reverse-Conducting Triode Thyristor

A three-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage.

Semiconductor Controlled Rectifier (SCR)

An alternative name used for the reverse-blocking triode thyristor.

NOTE: Although not an official definition, the term unidirectional is sometimes used to describe the single
switching class of thyristors consisting of' reverse-blocking and: reverse-conducting thyristors. This term is
useful for comparing or contrasting this class of thyristor with bidirectional thyristors.

Thyristor

A bistable semiconductor device comprising three or more junctions, which can be switched from the off-state to
the on-state or vice versa, such switching occuring within at least one quadrant of the principle voltage-current
characteristic. (See Figures 1 through 5).

Turn-Off Thyristor

A thyristor which can be switched from the on-state to the off-state and vice versa by applying control signals of
appropriate polarities to the gate terminal, with the ratio of triggering power to triggered power appreciably less
than one.
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TERMS AND DEFINITIONS
THYRISTORS

SEMICONDUCTOR REGIONS

ANODE
(ELECTRODE) CATHODE
(ELECTRODE)
[ P N
e CATHODE
TERMINAL
f GATE TERMINAL
BASE (ELECTRODE)
REGIONS COLLECTOR/ GATE TERMINAL
JUNCTION
Schematic representation of a reverse-blocking triode
thyristor,

Note: The gate electrode is connected to the N-type base
region in some structures or omitted in the case of a
diode thyristor.

' FIGURE 1

MAIN

MAIN
TERMINAL 2 TERMINAL 1

GATE TERMINAL

Schematic representation of typical bidirectional triode
thyristor.

Note: Gate is omitted in a diode bidirectional thyristor.

FIGURE 3

| FIRST QUADRANT

ANODE +
ON STATE—4 NEGATIVE
RESISTANCE
MINIMUM ON-STATE VOLTAGE REGION  BREAKOVER

HOLDING CURRENT __ ~~_ / VOLTAGE, CURRENT
REVERSE BLOCKING STATE ~———ql—— 5~ =3y’

Vi

\

REVERSE
BREAKDOWN
VOLTAGE,
CURRENT

THIRD QUADRANT
ANODE~—

OFF-STATE

Principal voltage-current characteristics (anode-to-cathode

voltage-current characteristic) of a typical reverse-blocking

thyristor.

Note: Curve “a’’ applies for zero gate current or a diode
thyristor. Curve ‘‘b’’ is with gate trigger current
present when off-state voltage is V1.

FIGURE 2

FIRST QUADRANT
| MAIN TERMINAL 2 +

ON-STATE
OFF-STATE
-Vi "~ b)Y F 2y« BREAKOVER
BREAKOVER . V VOLTAGE,
vOLTAGE, —~CLTh _ W1 CURRENT
CURRENT
OFF-STATE
ON-STATE

THIRD QUADRANT
MAIN TERMINAL 2—

Principal voltage-current characteristic of a typical bidirec-

tional thyristor.

Note: Curve “a’’ applies for zero gate current or a diode
bidirectional thyristor. Curve ‘‘b’* applies for the case
of gate trigger current applied when the off-state
voltage is * V1.

.

FIGURE 4
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TERMS AND DEFINITIONS
: THYRISTORS

Physical Structure Nomenclature

Anode
The electrode by which current enters the thyristor when the thyristor is in the on-state with the gate
open-circuited.
NOTE: This term does not apply to bidirectional thyristors.

Anode Terminal

The terminal which is connected to the anode.
NOTE: This term does not apply to bidirectional thyristors.

Cathode

The electrode by which current leaves the thyristor when the thyristor is in the on-state with the gate
open-circuited. '
NOTE: This term does not apply to bidirectional thyristors.

Cathode Terminal

The terminal which is connected to the cathode.
NOTE: This term does not apply to bidirectional thyristors.

Collector Junction
The junction across which the polarity of the voltage reverses when switching occurs. (See Figure 1).
Electrode (of a Semiconductor Device)
An electrical and mechanical contact to a region of a semicondﬁctor device.
Gate
An electrode connected to one of the semiconductor regions for introducing control current.
Gate Terminal
A terminal which is connected to a gate.
Junction (of a Semiconductor Device)

A region of transition between semiconductor regions of different electrical properties (e.g., n-n*, p-n, p-p*
semiconductors), or between a metal and a semiconductor.

Main Terminals
The terminals through which the principal current flows.
Main Terminal 1 (of a Bidirectional Thyristor)

The main terminal which is named “1'"’ by the device manufacturer. This is normally the referance terminal for all
voltages.

Main Terminal 2 (of a Bidirectional Thyristor)
The main terminal which is named "“2" by the device manufacturer.
Terminal (of a Semiconductor Device)

The externally available point of connection to one or more electrodes.
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TERMS AND DEFINITIONS
THYRISTORS

Electrical Characteristic and Rating Terms (See Note at end of section)

Anode-to-Cathode Voltage (Anode Voltage)

The voltage between the anode terminal and the cathode terminal.
NOTE: It is called positive when the anode potential is more positive than the cathode potential, and called
negative when the anode potential is less positive than the cathode potential.

Anode-to-Cathode Voltage-Current Characteristic (Anode Characteristic)

A function, usually represented graphically, relating the anode-to-cathode voltage to the principal current with
gate current, where applicable, as a parameter. '
NOTE: This term does not apply to bidirectional thyristors.

Breakover Point

Any point on the principal voltage-current characteristic for which the differential resistance is zero and where
the principal voltage reaches a maximum value. (See Figures 2 and 4).

Negative-Differential-Resistance Region

Any portion of the principal voltage-current characteristic in the switching quadrant(s) within which the
differential resistance is negative. (See Figures 2 and 4).

Off-Impedance

The differential impedance between the terminals through which the principal current flows when the thyristor
is in the off-state at a stated operating point.

Off-State

The condition of the thyristor corresponding to the high-resistance, low-current portion of the principal
voltage-current characteristic between the origin and the breakover point(s) in the switching quadrant(s).

On-Impedance

The differential impedance between the terminals through which the principal current flows when the thyristor
is in the on-state at a stated operating point.

On-State
The condition of the thyristor corresponding to the low-resistance, low-voltage portion of the principal
voltage-current characteristic in the switching quadrant(s).

NOTE: In the case of reverse-conducting thyristors, this definition is applicable only for a positive
anode-to-cathode voltage.

Principal Voltage

The voltage between the main terminals.

NOTES: 1. In the case of reverse-blocking and reverse-conducting thyristors, the principal voltage is called
positive when the anode potential is more positive then the cathode potential, and called negative
when the anode potential is less positive than the cathode potential.

2. For bidirectional thyristors, the principal voltage is called positive when the potential of main
terminal 2 is more positive than the potential of main terminal 1.

Principal Voltage-Current Characteristic (Principal Characteristic)

The function, usually represented graphically, relating the principal voltage to the principal current with gate
current, where applicable, as a parameter.
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TERMS AND DEFINITIONS
THYRISTORS

Reverse-Blocking Impedance (of a Reverse-Blocking Thyristor)

The differential impedance between the two terminals through which the principal current flows when the
thyristor is in the reverse-blocking state at a stated operating point.

Reverse-Blocking State (of a Reverse-Blocking Thyristor)

The condition of a reverse-blocking thyristor corresponding to the portion of the anode-to-cathode voltage-current
characteristic for which reverse currents are of lower magnitude than the reverse breakdown current. (See

Figure 2).
QUADRANT DEFINITIONS
L
— Vs
+Vg
QUADRANT Il QUADRANT |
Vg =+ Vg=+
vVg=- vg=+
-Vg +VaG
QUADRANT i1l QUADRANT 1V
Vg=— Vg=—
Vg =- Vg=+
—Vsg
The polarities of Vg and V@G are with respect to Main Terminal 1.
FIGURE 5
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TERMS AND DEFINITIONS
THYRISTORS

Symbols, Terms and Definitions

Symbol Term Definition
BO) Static Breakover Current The principal current at the breakover point.

i(BO) Instantaneous Breakover Current

{BR)R Static Reverse Breakdown Current The principal current at the reverse breakdown
voltage.

i(BR)R Instantaneous Reverse Breakdown Current

ID(RmS) RMS Off-State Current The principal current when the thyristor is in the
off-state.

ID Static Off-State Current

ID(AV) Average Off-State Current

iD Instantaneous Off-State Current

IpMm Peak Off-State Current

IDRM Repetitive Peak Off-State Current The maximum instantaneous value of the off-state
current that results from the application of repetitive
peak off-state voltage.

IG Static Gate Current The current that results from the gate voltage.
NOTES: 1. Positive gate current refers to conven-

IG(AVv) | Average Gate Current tional current entering the gate ter-

minal.
'G Instantaneous Gate Current 2. Negative gate current refers to conven-
ti | t leaving the gate t inal.

IGM Peak Gate Current ional current leaving the gate termina

IGD Static Gate Nontrigger Current The maximum gate current which will not cause the
thyristor to switch from the off-state to the on-state.

iGD Instantaneous Gate Nontrigger Current

IGDM Peak Gate Nontrigger Current

IGa Static Gate Turn-Off Current The minimum gate current required to switch a
thyristor from the on-state to the off-state.

iGQ Instantaneous Gate Turn-Off Current

IGom Peak Gate Turn-Off Current

IGT Static Gate Trigger Current The minimum gate current required to switch a
thyristor from the off-state to the on-state.

iGT Instantaneous Gate Trigger Current

IGTM Peak Gate Trigger Current

1-20
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TERMS AND DEFINITIONS
THYRISTORS

Symbol Term Definition

([T Static Holding Current The minimum principal current required to maintain
the thyristor in the on-state.

iH Instantaneous Holding Current

I Static Latching Current The minimum principal current required to maintain
the thyristor in the on-state immediately after

iL Instantaneous Latching Current switching from the off-state to the on-state has
occurred and the triggering signal has been removed.

IR(RMS) | RMS Reverse Current The current for negative anode-to-cathode voltage.

IR Static Reverse Current

IR(AV) Average Reverse Current

iR Instantaneous Reverse Current

IRM Peak Reverse Current

IRRM Repetitive Peak Reverse Current The maximum instantaneous value of the reverse
current that results from the application of repetitive
peak reverse voltage.

IT(RMS) | RMS On-State Current The principal current when the thyristor is in the
on-state.

IT Static On-State Current

IT(AV) Average On-State Current

iT Instantaneous On-State Current

IT™ Peak On-State Current

IT(OVv) | Overload Peak On-State Current An on-state current of substantially the same
waveshape as the normal on-state current and having
a greater value than the normal on-state current.

ITRM Repetitive Peak On-State Current The peak value of the on-state current including all
repetitive transient currents.

ITsm Surge (Nonrepetitive) Peak On-State Current An on-state current of short-time duration and
specified waveshape.

PG Static Gate Power Dissipation

PG(AvV) | Average Gate Power Dissipation

PG Instantaneous Gate Power Dissipation

PGMm Peak Gate Power Dissipation
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TERMS AND DEFINITIONS
THYRISTORS

Symbol Term Definition
TA Free-Air Temperature The air temperature measured below a deviée, in an
| (Ambient Temperature) environment of substantially uniform temperature,
cooled only by natural air convection and not

materially affected by reflective and radiant surfaces.
(Ref. MIL-S-19500D par. 20.20.1)

Tc Case Temperature The temperature measured at a specified location on
the case of a device. (Ref. MIL-S-19500D par.
20.20.2)

Ty Virtual Junction Temperature A theoretical temperature based on a simplified

(Junction Temperature)

representation of the thermal and electrical behavior

of the semiconductor device.

NOTE: This term (and its definition) is taken from
|EC standards. It is particularly applicable to
multi-junction semiconductors and is used in
this publication to denote the temperature of
the active semiconductor element when
required in specifications and test methods.
The term “junction temperature” is used
interchangeably with the term “virtual
junction temperature” in this publication.

The temperature at which the defice, without any
power applied, is stored. (Ref. MIL-S-19500D par.
20.20.3)

The time interval between a specified point at the
beginning of the gate pulse and the instant when the
principal voltage (current) has dropped (risen) to a
specified low (high) value during switching of a
thyristor from the off-state to the on-state by a gate
pulse.

The time interval between a specified point at the
beginning of the gate pulse and the instant when the
principal current has decreased to a specified value
during switching from the on-state to the off-state by
a gate pulse.

The time interval between the instant when the
principal current has decreased to zero after external
switching of the principal voltage circuit, and the
instant when the thyristor is capable of supporting a
specified principal voltage without turning on.

Tstg Storage Temperature
gt Gate-Controlled Turn-On Time
tgq Gate-Controlled Turn-Off Time
tq Circuit-Commutated Turn-Off Time
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TERMS AND DEFINITIONS
THYRISTORS

Symbol Term Definition

Ro Thermal Resistance The temperature difference between two specified
points or regions divided by the power dissipation

RoJA Thermal Resistance, Junction-to-Ambient under conditions of thermal equilibrium.

RoJC Thermal Resistance, Junction-to-Case

Roca Thermal Resistance, Case-to-Ambient

V(BO) Static Breakover Voltage The principal voltage at the breakover point.

v(BO) Instantaneous Breakover Voltage

V(BR)R | Static Reverse Breakdown Voltage The value of negative anode-to-cathode voltage at
which the differential resistance between the anode

V(BR)R Instantaneous Reverse Breakdown Voltage and cathode terminals changes from a high value to a
substantially lower value.

VD(RMS] RMS Off-State Voltage The principal voltage when the thyristor is in the
off-state.

Vp Static Off-State Voltage

Vp(AvV) | Average Off-State Voltage

vD Instantaneous Off-State Voltage

Vpm Peak Off-State Voltage

VDRM Repetitive Peak Off-State Voltage The maximum instantaneous value of the off-state
voltage which occurs across a thyristor, including all
repetitive transient voltages, but excluding all non-
repetitive transient voltages.

Vpswm Nonrepetitive Peak Off-State Voltage The maximum instantaneous value of any non-
repetitive transient off-state voltage which occurs
across the thyristor.

Vpwm Working Peak Off-State Voltage The maximum instantaneous value of the off-state
voltage which occurs across a thyristor, excluding all
repetitive and nonrepetitive transient voltages.

VG Static Gate Voltage The voltage between a gate terminal and a specified
main terminal.

VG(AV) | Average Gate Voltage NOTE: Gate voltage polarity is referenced to the

specified main terminal.

VG Instantaneous Gate Voltage

VGMm Peak Gate Voltage
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THYRISTORS

Symbol Term Definition

VGD Static Gate Nontrigger Voltage The maximum gate voltage which will not cause the
thyristor to switch from the off-state to the on-state.

vGD Instantaneous Gate Nontrigger Voltage

VGDM Peak Gate Nontrigger Voltage

VGa Static Gate Turn-Off Voltage The gate voltage required to produce the gate turn-off
current.
vGQ Instantaneous Gate Turn-Off Voltage

\elolV] Peak Gate Turn-Off Voltage

VGT Static Gate Trigger Voltage The gate voltage required to produce the gate trigger
current.
VGT Instantaneous Gate Trigger Voltage

VGTM Peak Gate Trigger Voltage

VR(RMS)| RMS Reverse Voltage A negative anode-to-cathode voltage.
VR Static Reverse Voltage

VR(AV) | Average Reverse Voltage

VR Instantaneous Reverse Voltage

VRM Peak Reverse Voltage

VRRM Repetitive Peak Reverse Voltage The maximum instantaneous value of the reverse
voltage which occurs across the thyristor, including
all repetitive transient voltages, but excluding all
nonrepetitive transient voltages.

VRSM Nonrepetitive Peak Reverse Voltage The maximum instantaneous value of any non-
repetitive transient reverse voltage which occurs
across a thyristor.

VRWM Working Peak Reverse Voltage The maximum instantaneous value of the reverse
voltage which occurs across the thyristor, excluding
all repetitive and nonrepetitive transient voltages.

VT(RMS) | RMS On-State Voltage The principal voltage when the thyristor is in the
on-state.

VT Static On-State Voltage

VT(AV) | Average On-State Voltage

vT Instantaneous On-State Voltage

VTm Peak On-State Voltage
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TERMS AND DEFINITIONS
THYRISTORS

Symbol Term Definition

VT(MIN)| Static Minimum On-State Voltage The minimum positive principal voltage for which the
differential resistance is zero with the gate
open-circuited.

Zg(t) Transient Thermal Impedance The change of temperature difference between two
specified points or regions at the end of a time

ZgJA(t) | Transient Thermal Impedance, Junction-to-Ambient interval divided by the step function change in power
dissipation at the beginning of the same time interval

ZgJc(t) | Transient Thermal Impedance, Junction-to-Case causing the change of temperature difference.
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ELECTRICAL CHARACTERISTIC TESTS

POWER TRANSISTOR ELECTRICAL CHARACTERISTIC TESTS

INDEX

General .

Measurements

Cut-off Current [IcEQ, IEBO. ICBO. ICEV, IEB1, IEB2, 1B1B2]

Breakdown Voltage [V(BR)CEX, V(BR)CEO ©f VCEO(sus), V(BR)CES. V(BR)EBO, V(BR)CER!
Floating Potential [VER(fi)] .

Current Gain [hfEg] .

Saturation Voltage [VCE(sat)]

Base-to-Emitter Voltage [VBE] .

Open-Circuit Output Capacitance [Copol

Small-Signal Short-Circuit Input Impedance [hie, hie(real), hie(imag)!

Small-Signal Open-Circuit Output Admittance [hog(real)]

Small-Signal Forward Current Transfer Ratio [hfel, Cut-Off Frequency [fhfel, and Frequency at
Which |hel Extrapolates to Unity [fT1.

Switching Time [tg, ty, ts, tf]
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ELECTRICAL CHARACTERISTIC TESTS

GENERAL

material has been adapted from the forthcoming JEDEC Publication Suggested Standards on Power Transistors. Only
those electrical characteristics included in EIA JC-25 registration formats are listed.

MEASUREMENTS

All measurements should be made at thermal equilibrium. A condition of thermal equilibrium is achieved if halving the
time between application of power and measurement causes no change in the result within the required accuracy.

In this section, accepted test practices are described as a guide to making power transistor characteristic tests. The

The connecting lines shown in the circuit diagrams have no resistance compared to their lowest terminating impedance.
Shown are resistors, inductors, and capacitors having an ideal characteristic at the used frequency range. Voltage
sources have zero impedance, and current sources have an infinite resistance. All voltmeters and scopes have infinite
input resistance and all ammeters have zero resistance, unless otherwise noted.

The listing of the following tests does not imply that all must be performed by either the manufacturer or the user. It is
the responsibility of the user and manufacturer to agree to any series of specific tests or test conditions, and the further
responsibility of the user to establish meaningful relationship between these tests and the performance of the power
transistor in a particular application.

An npn transistor is used in the test methods below. These test methods will also apply to pnp devices by changing
polarities. For small-signal measurements, a signal is used which, when doubled in magnitude, does not produce a
change in the measured parameter that is greater than the required accuracy.

The transistor connections are shown separate from the test circuits for “DC", “/CT"’, and *’P”’ techniques.
“DC’” — D-C continuous condition
“CT"” — Curve tracer (60 cycle full rectified sinewave)

“P" — Pulsed by a 300 us, 2% duty cycle pulse
CUT-OFF CURRENT [lIcEo. IEBO. IcBO. ICEV. IEB1. IEB2' IB1B2!]
Description

The reverse voltage is applied and the cut-off current is measured. The cut-off current is temperature sensitive. If
testing is done at elevated temperature, a heat sink may be necessary to prevent thermal runaway. '

Transistor Connections

— —>
Iceo leBO IcEV
TUT TUT TUT
VeB
o > {io—>
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ELECTRICAL CHARACTERISTIC TESTS

DARLINGTON

VBiE VB1E

181B2

lEB2 E

I
82 EB1

v
v
v

Test Circuits

The supply voltage Vg should equal Rg ICUT-OFF plus the specified test voltage. The current of the transistor in
the pulse test circuit has to be small compared to the measured cut-off current. The cut-off current is measured
with an ammeter or with an oscilloscope.
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ELECTRICAL CHARACTERISTIC fESTS

DC CcT P
Vs
SCOPE
v
- 'cm’-%n: ~ l
-~ > <
> <
> <
L’: J ~
C 3 115V
: : 60 Hz
(V) ;’ Vs > <
- > -<
> <
Rs Rs
>—( : )——va—o——q»
OF _ L L
AMMETER = = -
SCOPE SCOPE

Test Conditions to be Specified

Case temperature if not T¢ = 25°C
Voltage applied to the device: VCEQ, VEBO. VCBO. VCEV. VEB1. VB1B2. VEB2
Base termination: Vg, VB2E, RB2E. VB1B2. RB1B2
Technique: DC, CT, P!
BREAKDOWN VOLTAGE [V(BR)CEX. V(BR)CEO OR VCEO(sus). V(BR)CES. V(BR)EBO. V(BR)CER]

Description

For breakdown measured in the sustaining region, the current should be high enough to ensure that the
breakdown voltage is relatively insensitive to current changes.
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ELECTRICAL CHARACTERISTIC TESTS

Transistor Connections

V(BR)CEO OR VCEO(sus)
—

V(BRICEX V(BR)CEO OR VCEO(sus) TUT
TUT TUT
—»
VeB2
V(BRICES V(BRICER V(BR)EBO
TUT ‘ TUT | TUT
$Ree
L >
Test Circuits
DC CT |4
Vs Is

SCOPE V m‘ SCOPE V l D
O . :
RL Vs

RL f=60Hz tyy = 300 us

POWER f =60 Hz 4

o SUPPLY :
Vs |

Rs
SCOPE |
SCOPE |
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ELECTRICAL CHARACTERISTIC TESTS

SCOPE V
INDUCTIVE SWEEP

ReB1
INCREASE 1,y
FOR SPECIFIED lC ReB2
-l r‘ = VBB2
hilv
fil I
VBB1

SCOPE |

In addition to the test circuits for “DC’, “CT”’, and “P”’, an inductive sweep circuit is shown. This test circuit is
particularly useful to measure transistors in their sustaining region.

Test Conditions To Be Specified

Case temperature if not Tc = 25°C

Current applied to the device: ICEX, ICEO. ICES. IEBO. ICER
Base termination: Vgg2, VBB1. RBB2. RBB1. RBE. pulse width, duty cycle
Technique: DC, CT, P, Inductive Sweep:

Load resistance, inductance, and supply voltage where applicable: Ry, L, Vg

FLOATING POTENTIAL [VEB(fl)]

Description

This measurement is related to the thickness of the base region.
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ELECTRICAL CHARACTERISTIC TESTS

Test Circuit
Vs
DC CT
ves 7-'12_
v
TUT TUT
RBe RBE
+ —_—
‘ =
VEB(fl) SCOPE -
VEB(fl)
P
Vs
SCOPE Vcp l I l
%
TUT 1
RBE I
SCOPE VEg(fi)
Test Conditions To Be Specified
Case temperature if not T = 25°C
Collector-base voltage: Vo
Base-emitter resistance: RBE
Technique: DC, CT, P
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ELECTRICAL CHARACTERISTIC TESTS

CURRENT GAIN [hEgE]

Description

The static forward current transfer ratio in the common-emitter configuration is one of the most important gain
characteristic for power transistors. It measures the ratio of collector current to base current.

Test Circuit

SCOPE
VcE

Rs

Vs

.

SCOPE

Ic

SCOPE

SCOPE
Ic

The current gain is given by hpg = Ic/IB. For the CT and P tests, Vgg >> AVBE" 'so that Ig is constant and

relatively independent of VBE.
* AV gg is the range of V gg for various devices to be tested.
Test Conditions To Be Specified

Case temperature if not Tg = 25°C
Collector-emitter voltage: VCE
Collector current: Ic

Technique: DC, CT, P
SATURATION VOLTAGE [VCE(sat)]

Description

The collector-to-emitter saturation voltage is especially important for switching applications. Together with the
collector current, it is the basis to calculate the power dissipation in the “on” state,
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ELECTRICAL CHARACTERISTIC TESTS

Test Circuit

SCOPE VCE(sat) SCOPE VCE(sat)

—‘"@ﬁ — Vs —— s

Ic

bDC _—=.L Vs cT l P | D
TUT 6/5 VCE(sat) —@—-l:rUT r—@—(TUT
g g I

> > >
3Ree 3Res 3Res
< < 1
R R
jlh \ ) |’ S . S
Lo ¥
= j :t '
VBB = VBB - VBB -
SCOPE Ic SCOPE Ic

For the CT and P tests, Vgg >> VBE in order to make Ig independent of VBE changes during the “on”
condition.

Test Conditions To Be Specified

Case temperature if not Tg = 25°C
Collector current: Ig
Base current: Ig

Technique: DC, CT, P
BASE-TO-EMITTER VOLTAGE [VBE]
Description

There are two conditions of interest for the static base-to-emitter voltage:
1. The transistor in saturation (commonly referred to as VBE (sat))

2. The transistor out of saturation (VBE)
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ELECTRICAL CHARACTERISTIC TESTS

Test Circuit

SCOPE SCOPE
VcE %
cT P CE
LI F I
SCOPE SCOPE
VBE Vs VBE Vs
B B 1
o b —or Lo
, {
<
3ReB 3 Res
Rs
__{|||—-—Aww——-f -—lll}———-—wvw——f
= =
VeB - SCOPE Ves SCOPE
Ic Ic

For the CT and P tests, VBB >> VBE in order to make Ig independent of VBE changes during the “on”
condition. The base terminal for Darlington transistors is B1.

Test Conditions To Be Specified

Case temperature if not Tc = 25°C
1. The transistor in saturation: (VBE(sat))
Collector Current: Ic
Base Current: Ig
2. The transistor out of saturation: (VBE)
Collector current: I¢

Collector-to-emitter voltage: VCE
Technique: DC, CT, P
OPEN-CIRCUIT OUTPUT CAPACITANCE [Cobol
Description

The open-circuit output capacitance indicates the frequency limitations of a transistor.
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ELECTRICAL CHARACTERISTIC TESTS

Test Circuit

BRIDGE

c
=\
VAl
on
Oy
Vee

F) L
It

ml

Capacitor C has to be sufficiently large to provide a short-circuit at the test frequency. The bridge has to be
nulled with the base-to-collector open. The base terminal for Darlington transistors is B1.

Test Conditions To Be Specified

Case temperature if not Tg = 25°C
Collector-to-base voltage: VcB

Frequency: f

SMALL-SIGNAL SHORT-CIRCUIT INPUT IMPEDANCE [hig, hig(real). hie(imag)]

Description

The input impedance is hje = Vpe/lp with Ve = 0. The real and imaginary components are important for input
matching networks.

Circuits

Capacitors C1 and C2 must represent a short-circuit at the measuring frequency. The bridge must be nulled with a
short across the base and emitter terminals and Vgg = 0. When hije is measured at 1 kHz, I can be measured with
a current probe and Vpe with a scope.

BRIDGE
Cq
Y b
PAl
ReB
Ic
|
VBB Vece
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



ELECTRICAL CHARACTERISTIC TESTS

Test Conditions To Be Specified

Case temperature if not Tg = 25°C
- Collector-to-emitter voltage: VCE
Collector current: Ic
Frequency: f for hjg(real) and hje(imag)
SMALL-SIGNAL OPEN-CIRCUIT OUTPUT ADMITTANCE [hoe(real)]

Description

The purpose of this test is to determine the real part of the output admittance.

Test Circuit

TUT

BRIDGE

=
ug

<
"R
S ReB

|t 11—

VBB Vee

The L-C network in the base circuit must have a large impedance compared with hje at the test frequency.
Capacitor C1 shall present a short-circuit at the test frequency.

Test Conditions To Be Specified

Case temperature if not Tg = 25°C
Collector-to-emitter voltage: VGE
Collector current: Ic

Frequency: f
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ELECTRICAL CHARACTERISTIC TESTS

SMALL-SIGNAL FORWARD CURRENT TRANSFER RATIO [hfe]l, CUT-OFF FREQUENCY [fhfel,
AND FREQUENCY AT WHICH Ihfe! EXTRAPOLATES TO UNITY [fT]

Description

These measurements indicate the gain hfe and the frequency response capability of transistors. Both
measurements are dependent on the operating point.

hfe = I¢/lp (with Ve = 0) at low frequency.
fhfe = frequency at which hfe is 3 dB down from its 1-kHz measurement

T = Ihgel x f. The absolute small-signal lhfel has to be measured at a frequency f where lhfe! is decreasing
approximately 6 dB per octave.

The measurement as specified does not assure the 6-dB-per-octave region. The 6-dB-per-octave region can be
determined by plotting lhfel versus f.

Test Circuit

CURRENT

PROBE Iy, —
] CURRENT
v PROBE |¢

The L-C networks must have a very large impedance compared to the capacitors C1 and C2. The amplitude of Iy
and |¢ is measured with a current probe.

The ac impedance represented by C2, the current probe for lg, and associated wiring shall be small compared to
the output impedance of the Transistor Under Test.

Test Conditions To Be Specified

Case temperature if not Tg = 25°C
Collector-to-emitter voltage: VCE
Collector current: I

For hfe and fT only: f
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ELECTRICAL CHARACTERISTIC TESTS

SWITCHING TIME [tg, ty, ts, tf]

Description

It is desirable to minimize the large possible variations in switching circuits. A circuit similar to the following is
recommended for switching times registered on the JC-256 RDF-2 format. For definition of g, tr, ts, and tf, see
section on “’Letter Symbols, Abbreviations, Terms, and Definitions.” The transistor parameter ‘‘rise time" refers
to the time interval during which the magnitude of the collector current is increasing and the magnitude of the

collector voltage is-descreasing.

Test Circuit

SCOPE
(OUTPUT PULSE)

SCOPE
(INPUT PULSE)

PULSE =y
GENERATOR | T BB2 ;
o s )i

VBB1 Vee

The rise and fall time of the input pulse shall be smaller than 10% of the maximum specified rise and fall time of
the output pulse. Changing the pulse width ty, by a factor of two should not change the storage time ts by more

than the desired accurancy of the measurement.

Test Conditions To Be Specified

Case temperature if not Tc = 25°C
VBB1. VBR2, Ve, RBB1. RBB2, RL, tw and f of pulse generator.
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CROSS-REFERENCE GUIDE

Tt DIRECT TiI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N68 T13027 PNP-Ge 2N418 TI13031 PNP-Ge
2N101 2N 1038 PNP-Ge 2N419 T13029 PNP-Ge
2N102 2N 1038 PNP-Ge 2N420 T13029 PNP-Ge
2N141 2N 1038 PNP-Ge + 2N424 2N424 2N424 NPN-Ge
2N142 2N 1038 PNP-Ge 2N424A 2N424A 2N424A NPN-Ge
2N143 2N1038 PNP-Ge 2N441 2N511 PNP-Ge
2N144 2N 1039 PNP-Ge 2N442 2N512 PNP-Ge
2N155 Ti3027 PNP-Ge 2N443 2N513 PNP-Ge
2N 156 TI156 2N 2552 PNP-Ge 2N456 2N456 2N456 PNP-Ge
2N158 2N2552 PNP-Ge 2N456A 2N456A 2N456A PNP-Ge
2N158A 2N 2552 PNP-Ge 2N4568 2N4568 2N4568 PNP-Ge
2N173 2N512 PNP-Ge 2N457 2N457 2N457 PNP-Ge
2N174 2N513 PNP-Ge 2N457A 2N457A 2N457A PNP-Ge
2N174A 2N513A PNP-Ge 2N4578 2N4578B 2N457B PNP-Ge
2N176 T13027 PNP-Ge 2N458 2N458 2N458 PNP-Ge
2N178 T13027 PNP-Ge 2N458A 2N458A 2N458A PNP-Ge
2N234A T13027 PNP-Ge 2N458B 2N458B 2N458B PNP-Ge
2N235A T13027 PNP-Ge 2N459 2N3146 PNP-Ge
2N236A T13028 PNP-Ge 2N459A 2N3146 PNP-Ge
2N242 T13029 PNP-Ge 2N497 2N497 2N497 NPN-Si
2N250 2N250 2N456 PNP-Ge 2N497A 2N497A 2N497A NPN-Si
2N250A 2N250A 2N456 PNP-Ge 2N498 2N498 2N498 NPN-Si
2N251 2N251 2N456 PNP-Ge 2N498A 2N498A 2N498A NPN-Si
2N251A 2N251A 2N456 PNP-Ge 2N511 2N511 2N511 PNP-Ge
2N 255 T13027 PNP-Ge 2N511A 2N511A 2N511A PNP-Ge
2N256 Ti13027 PNP-Ge 2N511B 2N511B 2N511B PNP-Ge
2N257 T13027 PNP-Ge 2N512 2N512 2N512 PNP-Ge
2N268 Ti13027 PNP-Ge 2N512A 2N512A 2N512A PNP-Ge
2N277 2N512 PNP-Ge 2N512B 2N512B 2N512B PNP-Ge
2N278 2N513 PNP-Ge 2N513 2N513 2N513 PNP-Ge
2N285 T13027 PNP-Ge 2N513A 2N513A 2N513A PNP-Ge
2N285A Ti3027 PNP-Ge 2N513B 2N513B 2N513B PNP-Ge
2N296 TI13030 PNP-Ge 2N514 2N514 2N514 PNP-Ge
2N297 Ti13028 PNP-Ge 2N514A 2N514A 2N514A PNP-Ge
2N301 T13027 PNP-Ge 2N514B 2N514B 2N514B PNP-Ge
2N307 Ti3027 PNP-Ge 2N538 TI13031 PNP-Ge
2N326 T13027 PNP-Ge 2N539 TI13031 PNP-Ge
2N350 T13028 PNP-Ge 2N539A TI13031 PNP-Ge
2N351 TI3028 PNP-Ge 2N540 TI13031 PNP-Ge
2N375 T13031 PNP-Ge 2N553 TI13027 PNP-Ge
2N376 TI13028 PNP-Ge 2N554 TI13027 PNP-Ge
2N378 T13027 PNP-Ge 2N555 T13027 PNP-Ge
2N379 Ti3029 PNP-Ge 2N561 TI13031 PNP-Ge
2N380 TI3030 PNP-Ge 2N574 TI13031 PNP-Ge
2N389 2N389 2N389 NPN-Si 2N574A TI3031 PNP-Ge
2N389A 2N389A 2N389A NPN-Si 2N575 TI13031 PNP-Ge
2N 392 T13027 PNP-Ge 2N575A TI13031 PNP-Ge
2N 399 T13028 PNP-Ge 2N618 TI3031 PNP-Ge
2N400 T13028 PNP-Ge 2N627 TI13027 PNP-Ge
2N401 T13028 PNP-Ge 2N628 T13028 PNP-Ge
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TI DIRECT TiI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N629 TI3030 PNP-Ge 2N1029A Ti3027 PNP-Ge
2N630 TI3031 PNP-Ge 2N1029B Ti3031 PNP-Ge
2N637 TI13027 PNP-Ge 2N1029C 2N456A PNP-Ge
2N637A TI13031 PNP-Ge 2N1030 2N456A PNP-Ge
2N637B Ti3146 PNP-Ge 2N1030A 2N456A PNP-Ge
2N638 TI13027 PNP-Ge 2N 1031 T13027 PNP-Ge
2N638A Ti13028 PNP-Ge 2N1031A TI13027 PNP-Ge
2N638B TI13029 PNP-Ge 2N1031B TI13031 PNP-Ge
2N639 Ti3028 PNP-Ge 2N1031C TI456A PNP-Ge
2N639A 2N3146 PNP-Ge 2N1032 2N456A PNP-Ge
2N639B 2N3146 PNP-Ge 2N1032A 2N456A PNP-Ge
2N656 2N656 2N656 NPN-Si 2N1038 2N1038 2N1038 PNP-Ge
2N656A 2N656A 2N656A NPN-Si 2N1038-1 2N2552 2N2552 PNP-Ge
2N657 2N657 2N657 NPN-Si 2N1038-2 2N2556 2N2556 PNP-Ge
2N657A 2N657A 2N657A NPN-Si 2N1039 2N 1039 2N 1039 PNP-Ge
2N663 Ti3027 PNP-Ge 2N1039-1 2N2553 ) 2N2553 PNP-Ge
2N665 Ti13029 PNP-Ge 2N1039-2 2N2557 2N2557 PNP-Ge
2N669 TI3027 PNP-Ge 2N1040 2N1040 2N1040 PNR-Ge
2N677 2N511 PNP-Ge 2N1040-1 2N2554 2N2554 PNP-Ge
2N677A 2N512 PNP-Ge 2N1040-2 2N 2558 2N2558 PNP-Ge
2N677B 2N513 PNP-Ge 2N1041 2N1041 2N1041 PNP-Ge
2N677C 2N514 PNP-Ge 2N1041-1 2N2555 2N 2555 PNP-Ge
2N678 2N511 PNP-Ge 2N1041-2 2N 2559 2N2559 PNP-Ge
2N678A 2N512 PNP-Ge 2N1042 2N1042 2N1042 PNP-Ge
2N678B 2N513 PNP-Ge 2N1042-1 2N2560 2N 2560 PNP-Ge
2N678C 2N514 PNP-Ge 2N1042-2 2N 2564 2N2564 PNP-Ge
2N876 2N3005 SCR 2N1043 2N1043 2N1043 PNP-Ge
2N877 2N3005 SCR 2N1043-1 2N2661 2N2561 PNP-Ge
2N878 2N3006 SCR 2N1043-2 2N 2565 2N2565 PNP-Ge
2N879 2N3007 SCR 2N1044 2N1044 2N 1044 PNP-Ge
2N880 2N3008 SCR 2N1044-1 2N2562 2N 2562 PNP-Ge
2N881 2N3008 SCR 2N1044-2 2N2566 2N 2566 PNP-Ge
2N884 2N3001 SCR 2N1045 2N1045 2N1045 PNP-Ge
2N885 2N3001 SCR 2N1045-1 2N2563 2N2563 PNP-Ge
2N 886 2N 3002 SCR 2N1045-2 2N2567 2N2567 PNP-Ge
2N887 2N3003 SCR 2N 1046 2N1046 2N1907 PNP-Ge
2N888 2N3004 SCR 2N1046A 2N1046A 2N 1907 PNP-Ge
2N889 2N3004 SCR 2N 10468 2N1046B 2N1907 PNP-Ge
2N948 2N3001 SCR 2N1047 2N1047 2N1047 NPN-Si
2N949 2N3002 SCR 2N1047A 2N1047A 2N1047A NPN-Si
2N950 2N3003 SCR 2N10478B 2N10478B 2N10478B NPN-Si
2N1011 TI13028 PNP-Ge 2N1048 2N1048 2N1048 NPN-Si
2N1014 2N456A PNP-Ge 2N1048A 2N1048A 2N1048A NPN-Si
2N1015 2N3713 NPN-Si 2N1048B 2N1048B 2N10488 NPN-Si
2N1016 2N3713 NPN-Si 2N1049 2N 1049 2N1049 NPN-Si
2N1021 2N1021 2N456A PNP-Ge 2N1049A 2N1049A 2N 1049A NPN-Si
2N1021A 2N1021A 2N456A PNP-Ge 2N1049B 2N 10498 2N 10498 NPN-Si
2N1022 2N1022 2N456A PNP-Ge 2N1050 2N 1050 2N 1050 NPN-Si
2N1022A 2N1022A 2N456A PNP-Ge 2N1050A 2N1050A 2N1050A NPN-Si
2N 1029 T13027 PNP-Ge 2N 10508 2N10508 2N 10508 NPN-Si
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TI DIRECT TI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N1069 2N3713 NPN-Si 2N1293 Ti3028 PNP-Ge
2N1070 2N3713 NPN-Si 2N1295 2N3146 PNP-Ge
2N1120 TI3031 PNP-Ge 2N1297 2N3146 PNP-Ge
2N1136 TI3027 PNP-Ge 2N1314 Ti3027 PNP-Ge
2N1136A TI13028 PNP-Ge 2N1320 2N1038 PNP-Ge
2N11368B T13027 PNP-Ge -2N1322 2N1038 PNP-Ge
2N1137 2N456A PNP-Ge 2N1324 2N1038 PNP-Ge
2N1137A 2NA456A PNP-Ge 2N1326 2N1041 PNP-Ge
2N11378B 2N456A PNP-Ge 2N1328 2N1038 PNP-Ge
2N1138 Ti3027 PNP-Ge 2N1359 (3] T13027 PNP-Ge
2N1138A 2N456A PNP-Ge 2N1360 CcTl TI13027 PNP-Ge
2N1138B 2N456A PNP-Ge 2N1362 CTl 2N3146 PNP-Ge
2N1146 2N456A PNP-Ge 2N1364 CTI 2N3146 PNP-Ge
2N1146A 2N456A PNP-Ge 2N1365 CTl 2N3146 PNP-Ge
2N1146B 2N456B PNP-Ge 2N1437 2N3146 PNP-Ge
2N1146C 2N456A PNP-Ge 2N1438 2N3146 PNP-Ge
2N1147 2N456A PNP-Ge 2N1465 2N3146 PNP-Ge
2N1147A 2N456A PNP-Ge 2N 1466 2N3146 PNP-Ge
2N11478 2N456A PNP-Ge 2N1470 2N3713 NPN-Si
2N1147C 2N456A PNP-Ge 2N1487 2N3713 NPN-Si
2N1159 2N456A PNP-Ge 2N1488 2N3714 NPN-Si
2N1160 2N456A PNP-Ge 2N1489 2N4913 NPN-Si
2N1162 2N456A PNP-Ge 2N1490 2N4914 NPN-Si
2N1162A 2N456A PNP-Ge 2N 1501 TI13028 PNP-Ge
2N1163 2N456A PNP-Ge 2N1502 T13028 PNP-Ge
2N1163A 2N456A PNP-Ge 2N1504 2N3146 PNP-Ge
2N1168 T13027 PNP-Ge 2N1529 2N1529 2N1529 PNP-Ge
2N1172 T13027 PNP-Ge 2N1530 2N1530 2N1530 PNP-Ge
2N1176 2N1038 PNP-Ge 2N1531 2N1531 2N1531 PNP-Ge
2N1183 2N1038 PNP-Ge 2N1532 2N1532 2N15632 PNP-Ge
2N1183A 2N1038 PNP-Ge 2N1533 2N1533 2N1533 PNP-Ge
2N1183B 2N1039 PNP-Ge 2N1534 2N1534 2N1534 PNP-Ge
2N1184 2N2564 PNP-Ge 2N1534A TI3027 PNP-Ge
2N1184A 2N2564 PNP-Ge 2N1535 2N1535 2N1535 PNP-Ge
2N1184B 2N2565 PNP-Ge 2N1535A TI13027 PNP-Ge
2N1202 2N3146 PNP-Ge 2N15636 2N1636 2N3028 PNP-Ge
2N1203 2N3146 PNP-Ge 2N1536A T13028 PNP-Ge
2N1208 2N3715 NPN-Si 2N1537 2N1537 TI3030 PNP-Ge
2N1209 2N1724 NPN-Si 2N1837A TI3030 PNP-Ge
2N1210 2N1722 NPN-Si 2N1538 2N1538 2N3146 PNP-Ge
2N1211 2N1722 NPN-Si 2N1539 2N1539 T13027 PNP-Ge
2N1212 2N1724 NPN-Si 2N1540 2N1540 TI13027 PNP-Ge
2N1227 TI13027 PNP-Ge 2N1540A Ti3028 PNP-Ge
2N1235 2N1235 2N1235 NPN-Si 2N 1541 2N1541 T13028 PNP-Ge
2N1260 2N1260 2N1260 NPN-Si 2N1541A TI3028 PNP-Ge
2N 1261 TI3030 PNP-Ge 2N1542 2N1542 T13031 PNP-Ge
2N1262 TI3030 PNP-Ge 2N1542A T13031 PNP-Ge
2N1263 TI3030 PNP-Ge 2N1543 2N1543 2N3146 PNP-Ge
2N1291 TI3027 PNP-Ge 2N1544 2N 1544 T13027 PNP-Ge

CTl—Contact Texas Instruments,
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CROSS-REFERENCE GUIDE

TI DIRECT TI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N1544A Ti3027 PNP-Ge 2N1647 2N2150 NPN-Si
2N1545 2N1545 TI13027 PNP-Ge 2N1648 2N2150 NPN-Si
2N1545A Ti3027 PNP-Ge 2N1649 2N2150 NPN-Si
2N1546 2N1546 Ti3029 PNP-Ge 2N1650 2N2151 NPN-Si
2N1546A TI3029 PNP-Ge 2N 1660 2N1722 NPN-Si
2N1547 2N1547 TI3031 PNP-Ge 2N1661 2N1722 NPN-Si
2N1547A Ti3031 PNP-Ge 2N1662 2N1722 NPN-Si
2N1548 2N1548 2N3146 PNP-Ge 2N1666 T13027 PNP-Ge
2N1549 ’ T13027 PNP-Ge 2N1667 Ti3027 PNP-Ge
2N1549A Ti3027 PNP-Ge 2N1668 T13027 PNP-Ge
2N 1550 TI3027 PNP-Ge 2N 1669 Ti3027 PNP-Ge
2N1550A TI13027 PNP-Ge 2N1690 2N1690 2N1690 NPN-Si
2N 1551 TI3029 PNP-Ge 2N1691 2N1691 2N1691 NPN-Si
2N1551A Ti3029 PNP-Ge 2N1702 2N4913 NPN-Si
2N 1552 TI3031 PNP-Ge 2N1714 2N1714 2N1714 NPN-Si
2N1552A Ti3031 PNP-Ge 2N1715 2N1715 2N1715 NPN-Si
2N1553 Ti3027 PNP-Ge 2N1716 2N1716 2N1716 NPN-Si
2N1553A Ti3027 PNP-Ge 2N1717 2N1717 2N1717 NPN-Si
2N 1554 TI3027 PNP-Ge 2N1718 2N1718 2N1718 NPN-Si
2N1554A TI3027 PNP-Ge 2N1719 2N1719 2N1719 NPN-Si
2N 1556 2N456B PNP-Ge 2N1720 2N1720 2N1720 NPN-Si
2N 1555A 2N456B PNP-Ge 2N1721 2N1721 2N1721° NPN-Si
2N 1556 2N1021A PNP-Ge 2N1722 2N1722 2N1722 NPN-Si
2N1556A 2N1021A PNP-Ge 2N1722A 2N1722A 2N1722A NPN-Si
2N1557 2N514 PNP-Ge 2N1723 2N1723 2N3716 NPN-Si
2N1557A 2N514 PNP-Ge 2N1724 2N1724 2N1724 NPN-Si
2N 1558 2N514 PNP-Ge 2N1724A 2N1724A 2N1724A NPN-Si
2N1558A 2N514A PNP-Ge 2N1725 2N1725 2N1725 NPN-Si
2N1559 2N514A PNP-Ge 2N1755 2N2552 PNP-Ge
2N1559A 2N514A PNP-Ge 2N 1756 2N2554 PNP-Ge
2N1560 2N514B PNP-Ge 2N1757 2N2555 PNP-Ge
2N1560A 2N514B PNP-Ge 2N1758 : 2N2555 PNP-Ge
2N1595 2N1595 2N1595 SCR 2N1759 2N2564 PNP-Ge
2N1596 2N1596 2N1596 SCR 2N1760 2N2566 PNP-Ge
2N1597 2N1597 2N1597 SCR 2N1761 2N2567 PNP-Ge
2N1598 2N 1598 2N 1598 SCR 2N1762 2N2567 PNP-Ge
2N 1599 2N 1599 2N1599 SCR 2N1772A TIC116A SCR
2N1600 TIC116A SCR 2N1773A TIC116B SCR
2N1601 TiC116B SCR 2N1774A TIC116B SCR
2N1602 TiIC116B SCR 2N1775A TIC116C SCR
2N1603 TiC116C SCR 2N1776A TiC116C SCR
2N1604 TiCc116D SCR 2N1777A TiC116D SCR
2N1616 2N1724 NPN-Si 2N1778A TIC116E SCR
2N1616A 2N1724 NPN-Si 2N1870A TIC39Y SCR
2N1617 2N1724 NPN-Si 2N1871A TIC39F SCR
2N1617A 2N1724 NPN-Si 2N1872A TIC39A SCR
2N1618 2N1724 NPN-Si 2N1873A TIC39B SCR
2N1618A 2N1724 NPN-Si 2N1874A TIC398B SCR
2N1620 2N1724 NPN-Si 2N1876 TIC39Y SCR

- TEXAS INSTRUMENTS
_ INCORPORATED
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CROSS-REFERENCE GUIDE

Ti DIRECT Ti DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N1877 TIC39F SCR 2N2111 2N3846 NPN-Si
2N1878 TIC39A SCR 2N2112 2N3846 NPN-Si
2N1879 TIC39B SCR 2N2113 2N3846 NPN-Si
2N1880 TIC398 SCR 2N2114 2N3846 NPN-Si
2N1881 2N1595 SCR 2N2116 2N3846 NPN-Si
2N1882 2N1596 SCR 2N2117 2N3846 NPN-Si
2N1883 2N1596 SCR 2N2118 2N3846 NPN-Si
2N1884 2N1597 SCR 2N2119 2N3846 NPN-Si
2N1885 2N1597 SCR 2N2120 2N3846 NPN-Si
2N1899 2N4002 NPN-Si 2N2123 2N4002 NPN-Si
2N 1901 2N4002 NPN-Si 2N2124 2N4002 NPN-Si
2N 1905 2N1046 PNP-Ge 2N2125 2N3847 NPN-Si
2N1906 2N1907 PNP-Ge 2N2126 2N3847 NPN-Si
2N1907 2N1907 2N1907 PNP-Ge 2N2127 2N3847 NPN-Si
2N1908 2N1908 2N1908 PNP-Ge 2N2130 2N4002 NPN-Si
2N1931 2N1596 SCR 2N2131 2N4002 NPN-Si
2N1932 2N1597 SCR 2N2132 2N3847 NPN-Si
2N1933 2N1598 SCR 2N2133 2N3847 NPN-Si
2N1934 2N 1598 SCR 2N2137 2N2552 PNP-Ge
2N1935 2N1598 SCR 2N2138 2N2552 PNP-Ge
2N1936 2N1936 2N3846 NPN-Si 2N2138A 2N2552 PNP-Ge
2N1937 2N1937 2N3846 NPN-Si 2N2139 2N2554 PNP-Ge
2N1940 TI13027 PNP-Ge 2N2139A 2N2554 PNP-Ge
2N2008 2N2987 NPN-Si 2N2140 2N2555 PNP-Ge
2N2009 TIC39Y SCR 2N2140A 2N2555 PNP-Ge
2N2010 TIC39F SCR 2N2141 "2N2555 PNP-Ge
2N2011 TIC39A SCR 2N2141A 2N2555 PNP-Ge
2N2012 TIC39B SCR 2N2147 2N1907 PNP-Ge
2N2013 TIC39C SCR 2N2148 2N1908 PNP-Ge
2N2014 TIC39D SCR 2N2150 2N2150 2N2150 NPN-Si
2N2015 2N3713 NPN-Si 2N2151 2N2151 2N21561 NPN-Si
2N2016 2N3714 NPN-Si 2N2196 2N2987 NPN-Si
2N2017 cTl 2N2989 NPN-Si 2N2197 2N2987 NPN-Si
2N2018 CTi CTI NPN-Si 2N2201 2N2987 NPN-Si
2N2019 CTl CTl NPN-Si 2N2202 2N2987 NPN-Si
2N2020 CTi CTi NPN-Si 2N2203 2N2987 NPN-Si
2N2021 CTi CTI NPN-Si 2N2204 2N2987 NPN-Si
2N2032 CTI CTI NPN-Si 2N2226 2N4002 NPN-Si
2N2033 CTI CTI NPN-Si 2N2227 2N4003 NPN-Si
2N2034 CTI CTi NPN-Si 2N2288 2N1046 PNP-Ge
2N2035 CTi NPN-Si 2N2291 2N1907 PNP-Ge
2N2036 CTi NPN-Si 2N2294 2N 1907 PNP-Ge
2N2067 2N2553 PNP-Ge 2N2304 cT1 NPN-Si
2N2068 2N2555 PNP-Ge 2N2305 2N3713 NPN-Si
2N2106 2N497 NPN-Si 2N2308 cTi NPN-Si
2N2107 2N656 NPN-Si 2N2322 TIC39Y SCR
2N2108 2N656 NPN-Si 2N2323 TIC39F SCR
2N2109 2N3846 NPN-Si 2N2324 TIC39A SCR
2N2110 2N3846 NPN-Si 2N2325 TIC39B SCR

CTl—Contact Texas |nstruments.
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CROSS-REFERENCE GUIDE

TYPE
2N2326
2N2327
2N2328
2N2329
2N2338
2N2339
2N2344
2N 2345
2N2346
2N2347
2N2348
2N2383
2N 2384
2N2405
2N2434
2N2444
2N 2445
2N2472
2N2482
2N2552
2N 2553
2N 2554
2N2555
2N 2556
2N2557
2N2558
2N 2559
2N2560
2N2561
2N 2562
2N2563
2N 2564
2N2565
2N 2566
2N 2567
2N2632
2N2633
2N2634
2N2657
2N2658
2N2659
2N 2660
2N2661
2N2662
2N2663
2N2664
2N2665
2N2666

CTI—Contact Texas Instruments.

TI DIRECT
REPLACEMENT

2N2552
2N2553
2N2554
2N2555
2N2556
2N2557
2N2558
2N2559
2N2560
2N2561
2N2562
2N2563
2N2564
2N2565
2N2566
2N2567
CTI

CTI

CTI

CTI

CTI

2N2659
2N2660
2N2661
2N2662
2N2663
2N2664
2N2665
2N2666

FOR NEW DESIGN CLASS

TIC398B
TIC39C
TIC39C
TIC39D
2N3713
CTI
TIC39C
TIC39F
TIC39A
TIC39B
TIC39B
2N1722
2N1724
2N2987
2N3146
2N3146
2N3146
2N2987
2N797
2N2552
2N2553
2N2554
2N2555
2N2556
2N2557
2N2558
2N2559
2N2560
2N2561
2N2562
2N2563
2N2564
2N2565
2N2566
2N2567
2N3998
2N3998
2N3998
2N3418
2N3418
2N2659
2N2660
2N2661
2N2662
2N2663
2N2664
2N2665
2N2666

SCR
SCR
SCR
SCR
NPN-Si
NPN-Si
SCR
SCR
SCR

* SCR
SCR
NPN-Si
NPN-Si
NPN-Si
PNP-Ge
PNP-Ge
PNP-Ge
NPN-Si
NPN-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge

TYPE
2N2667
2N2668
2N2669
2N2670
2N2679
2N2680
2N2681
2N2683
2N2684
2N2685
2N2687
2N2688
2N2689
2N2690
2N2811
2N2812
2N2813
2N2814
2N2815
2N2816
2N2817
2N2818
2N2819
2N2820
2N2821
2N2822
2N2823
2N2824
2N2825
2N2828
2N2829
2N2832
2N 2835
2N2836
2N 2866
2N 2867
2N2869
2N2870
2N2875
2N2877
2N2878
2N2879
2N2880
2N2881
2N2882
2N2890
2N2891
2N2892

TI DIRECT
REPLACEMENT

2N2667
2N2668
2N2669
2N2670

CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTl1
CTI
CTI
CTI
CcTi
CTl
CTI

CTI
CTI

CTI
CTI
CTI
CTI
2N 2880
CTI
CTI
CTI
CTI
CTi

FOR NEW DESIGN CLASS

2N2667
2N2668
2N2669
2N2670
2N3001
2N3002
2N3003
2N3001
2N3002
2N3003
2N3005
2N3006
2N3007
2N3008
2N4301
2N4301
2N4301
2N4301
2N4002
2N4002
2N6324
2N6324
2N4002
2N4002
2N6324
2N6324
2N4002
2N4002
2N6324
2N3998
2N3998
2N1908
2N2564
T13029

2N3998
2N3999
T13030

TI3030

2N3998

2N3998
2N3998
2N3998
2N2880
2N5333
2N5333
2N4000
2N4000
2N5004

PNP-Ge
PNP-Ge
PNP-Ge
PNP-Ge
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
NPN-Si

. NPN-Si

NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si

TEXAS INSTRUMENTS
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POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CROSS-REFERENCE GUIDE

TYPE
2N2893
2N2983
2N2984
2N2985
2N2986
2N2987
2N2988
2N2989
2N2990
2N2991
2N2992
2N2993
2N2994
2N3001
2N3002
2N3003
2N3004
2N3005
2N3006
2N3007
2N3008
2N3021
2N3022
2N3023
2N3024
2N3025
2N3026
2N3027
2N3028
2N3029
2N 3030
2N3031
2N3032
2N3054
2N3065
2N3074
2N3075
2N 3076
2N3079
2N3080
2N3125
2N3126
2N3132
2N3138
2N3139
2N3140
2N3141
2N3142
2N3143

CTl—Contact Texas Instruments,

TiI DIRECT
REPLACEMENT

CcTi

CTI

CTI

CTi

CTI

2N2987
2N2988
2N2989
2N2990
2N2991
2N2992
2N2993
2N2994
2N3001
2N3002
2N3003
2N3004
2N3005
2N3006
2N3007
2N3008
2N3021
2N3022
2N3023
2N3024
2N3025
2N3026

2N3055

FOR NEW DESIGN CLASS

2N5004 NPN-Si
2N3418 NPN-Si
2N3418 NPN-Si
2N3418 NPN-Si
2N3418 NPN-Si
2N2987 NPN-Si
2N2988 NPN-Si
2N2989 NPN-Si
2N2990 NPN-Si
2N2991 NPN-Si
2N2992 NPN-Si
2N2993 NPN-Si
2N2994 NPN-Si
2N3001 SCR
2N3002 SCR
2N3003 SCR
2N3004 SCR
TIC44 SCR
TIC45 SCR
TIC46 SCR
TiC47 SCR
2N3789 PNP-Si
2N3789 PNP-Si
2N3789 PNP-Si
2N3791 PNP-Si
2N3791 PNP-Si
2N3791 PNP-Si
TIC44 SCR
TIC45 SCR
TiC46 SCR
TiC44 SCR
TIC45 SCR
TiC46 SCR
TIP31A NPN-Si
TIP3055 NPN-Si
CTI PNP-Ge
CTi PNP-Ge
CTI NPN-Si
CcTI NPN-Si
CTI NPN-Si
2N3146 PNP-Ge
2N3146 PNP-Ge
T13031 PNP-Ge
CTl NPN-Si
CTl NPN-Si
CTI NPN-Si
CTi NPN-Si
CTI NPN-Si
CTI NPN-Si

TYPE
2N3144
2N4145
2N3146
2N3147
2N3149
2N3150
2N3151
2N3163
2N3164
2N3165
2N3166
2N3167
2N3168
2N3169
2N3170
2N3171
2N3172
2N3173
2N3174
2N3175
2N3176
2N3177
2N3178
2N3179
2N3180
2N3181
2N3182
2N3183
2N3184
2N3185
2N3186
2N3187
2N3188
2N3189
2N3190
2N3191
2N3192
2N3193
2N3194
2N3195
2N3196
2N3197
2N3198
2N3199
2N3200
2N3201
2N3202
2N3203
2N3204

Ti DIRECT
REPLACEMENT

2N3146
2N3147

FOR NEW DESIGN CLASS

CTI
CTI
2N3146
2N3147
CTI
CTI
CTI
2N3789
CTI
CTI
CTI
CTI
CTI
CTI
CTI
2N3789
2N3789
2N3790
2N3790
CTi
CTI
CTI
CTI
CTI
CTl
CTi
CTI
2N3789
2N3789
2N3790
2N3790
CT!
CTl
CTI
CTI
CTI
CTI
CTI
CTI
2N3789
2N3789
2N3790
2N3790
CTI
CTI
CTl
CTI
CTl
CTI

NPN-Si
NPN-Si
PNP-Ge
PNP-Ge
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si

TEXAS INSTRUMENTS
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-CROSS-REFERENCE GUIDE

Ti DIRECT TI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N3205 CTI NPN-Si 2N3445 2N3713 . NPN-Si
2N3206 CTI NPN-Si 2N3446 2N3714 NPN-Si
2N3207 CTI NPN-Si 2N3447 2N3715 NPN-Si
2N3208 CTI NPN-Si 2N3448 2N3716 NPN-Si
2N3220 CTI NPN-Si 2N3469 CTI NPN-Si
2N3221 CTI NPN-Si 2N3470 CTI NPN-Si
2N3222 CTI NPN-Si 2N3471 CTi NPN-Si
2N3223 CTI NPN-Si 2N3472 CTl NPN-Si
2N3226 2N3713 NPN-Si 2N3473 CTl NPN-Si
2N3228 TIC106B SCR 2N3474 CTI NPN-Si
2N3230 CTI NPN-Si 2N3475 CTI NPN-Si
2N3231 CTI NPN-Si 2N3476 CTI NPN-Si
2N3232 CTI NPN-Si 2N3487 CTI NPN-Si
2N3233 CTI NPN-Si 2N 3488 CTI NPN-Si
2N3234 CTI NPN-Si 2N3489 CTI NPN-Si
2N3235 ‘CTI NPN-Si 2N3490 CTI NPN-Si
2N3236 CTI NPN-Si 2N3491 CTI NPN-Si
2N3237 CTI NPN-Si 2N 3492 CTI NPN-Si
2N3238 CTI NPN-Si 2N 3525 2N1599 SCR
2N3239 CT! NPN-Si 2N3528 2N1597 SCR
2N3240 CTi NPN-Si 2N3551 2N3551 2N3551 NPN-Si
2N3255 ~ 2N3001 SCR ' 2N 3552 2N3552 2N3552 NPN-Si
2N3256 2N3002 SCR 2N 3555 TIC39Y SCR
2N3258 2N3004 SCR 2N 3556 TIC39F SCR
2N3259 2N3005 SCR 2N3557 TIC39A SCR
2N3260 CTl NPN-Si 2N 3558 TiC398 SCR
2N3263 2N3263 CTI NPN-Si 2N3559 TIC39Y SCR
2N3264 2N3264 CTi NPN-Si 2N 3560 TIC39Y SCR
2N3265 2N3265 CTI NPN-Si 2N3561 TIC39A SCR
2N3266 2N3266 CTI NPN-Si 2N3562 TiC398B SCR
2N3273 TIC106A SCR 2N3583 2N3583 2N3583 NPN-Si
2N3274 TIC106B SCR 2N3584 2N3584 2N3584 NPN-Si
2N3275 TIC106C SCR 2N3585 2N3585 2N3585 NPN-Si
2N3297 CTI NPN-Si 2N 3589 CTI CTI NPN-Si
2N3327 CTI NPN-Si 2N3590 CTI CTI NPN-Si
2N3418 2N3418 2N3418 NPN-Si 2N3591 CTI CcTI NPN-Si
2N3419 2N3419 2N3419 NPN-Si 2N3592 CTI CTI NPN-Si
2N3420 2N3420 2N3420 NPN-Si 2N3593 CTI CTi NPN-Si
2N3421 2N3421 2N3421 NPN-Si 2N 3594 CTI CTl NPN-Si
2N3429 CTI NPN-Si 2N3595 CTI CcTI NPN-Si
2N3430 CTI NPN-Si 2N3596 CTI CTI NPN-Si
2N3431 CTI NPN-Si 2N3597 CTI 2N4002 NPN-Si
2N3432 CTi NPN-Si 2N3598 CTI 2N4002 NPN-Si
2N3433 CTI NPN-Si 2N3599 CTI 2N4003 NPN-Si
2N3434 CTI NPN-Si 2N3611 T13027 PNP-Ge
2N3439 2N3439 CTI NPN-Si 2N3612 T13028 PNP-Ge
2N3440 2N3440 CTI NPN-Si 2N3613 TI3027 PNP-Ge
2N3441 CTI NPN-Si 2N3614 TI3028 PNP-Ge
2N 3442 CTI NPN-Si 2N3615 TI3021 PNP-Ge

CTl—Contact Texas Instruments,

TEXAS INSTRUMENTS
INCOR

PORATED
POST OFFICE BOX 5012 o DALLAS, TEXAS 75222



CROSS-REFERENCE GUIDE

TI DIRECT Ti DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N3616 2N3146 PNP-Ge 2N 3846 2N3846 2N3846 NPN-Si
2N3617 TI3030 PNP-Ge 2N3847 2N3847 2N3847 NPN-Si
2N3618 2N3146 PNP-Ge 2}\13848 2N3848 2N3848 NPN-Si
2N3660 2N5333 PNP-Si 2N3849 2N3849 2N3849 NPN-Si
2N 3661 2N5333 PNP-Si 2N3850 2N5938 NPN-Si
2N3667 2N3713 NPN-Si 2N3851 2N5938 NPN-Si
2N3675 2N3420 NPN-Si 2N3852 2N5938 NPN-Si
2N3676 2N3421 NPN-Si 2N3853 2N5938 NPN-Si
2N3713 2N3713 2N3713 NPN-Si 2N3861 2N4240 NPN-Si
2N3714 2N3714 2N3714 NPN-Si 2N3863 2N3715 NPN-Si
2N3715 2N3715 2N3715 NPN-Si 2N3864 2N3716 NPN-Si
2N3716 2N3716 2N3716 NPN-Si 2N3865 CTI CTI NPN-Si
2N3719 2N3719 2N3719 PNP-Si 2N3878 CTI TIP41A NPN-Si
2N3720 2N3720 2N3720 PNP-Si 2N3879 CTI TIP41C NPN-Si
2N3730 CTI CTI PNP-Ge 2N3902 2N3902 2N3902 NPN-Si
2N3731 CTI CTI PNP-Ge 2N3916 2N3583 NPN-Si
2N3732 CTI CTI PNP-Ge 2N3917 2N3583 NPN-Si
2N3738 2N3584 NPN-Si 2N3918 CTI TIP33 NPN-Si
2N3739 2N3585 NPN-Si 2N3919 CTI TIP33 NPN-Si
2N3740 CTI TIP30A PNP-Si 2N3920 CTi TIP33 NPN-Si
2N3741 CTI TIP30B PNP-Si 2N3996 2N3996 2N3996 NPN-Si
2N3743 CTI CTI PNP-Si 2N3997 2N3997 2N3997 NPN-Si
2N3744 2N3996 NPN-Si 2N3998 2N3998 2N3998 NPN-Si
2N3745 2N3997 NPN-Si 2N3999 2N3999 2N3999 NPN-Si
2N3746 cTl CTI NPN-Si 2N4000 2N4000 2N4000 NPN-Si
2N3747 CTl CT! NPN-Si 2N4001 2N4001 2N4001 NPN-Si
2N3748 cTl CTI NPN-Si 2N4002 2N4002 2N4002 NPN-Si
2N3749 CTl CT! NPN-Si 2N4003 2N4003 2N4003 NPN-Si
2N3750 2N5938 NPN-Si 2N4004 2N4004 2N4004 NPN-Si
2N3751 cTi CTI NPN-Si 2N4005 2N4005 2N4005 NPN-Si
2N3752 CTI CTI NPN-Si 2N4063 2N3440 NPN-Si
2N3766 CTl TIP29A NPN-Si 2N4064 2N3440 NPN-Si
2N3767 CTI TIP29B NPN-Si 2N4070 CTI NPN-Si
2N3771 2N3771 2N3771 NPN-Si 2N4071 CTI NPN-Si
2N3772 2N3772 2N2772 NPN-Si 2N4075 2N4998 NPN-Si
2N3773 CTi CTI NPN-Si 2N4076 2N4998 NPN-Si
2N3774 2N3719 PNP-Si 2N4096 TIC39F SCR
2N3775 2N5333 PNP-Si 2N4097 TIC39A SCR
2N3776 2N5333 PNP-Si 2N4108 2N3006 SCR
2N3777 2N5333 PNP-Si 2N4109 2N3007 SCR
2N3778 2N5333 PNP-Si 2N4111 TIP3055 NPN-Si
2N3779 2N5333 PNP-Si 2N4112 TIP3055 NPN-Si
2N3780 2N5333 PNP-Si 2N4113 TIP33B NPN-Si
2N3781 2N5333 PNP-Si 2N4114 TIP33B NPN-Si
2N3782 2N5333 PNP-Si 2N4115 CTI NPN-Si
2N3788 CTI TIPS3 NPN-Si 2N4116 CTI NPN-Si
2N3789 2N3789 2N3789 PNP-Si 2N4130 TIP35B NPN-Si
2N3790 2N3790 2N3790 PNP-Si 2N4131 TIP35C NPN-Si
2N3791 2N3791 2N3791 PNP-Si 2N4150 2N4300 NPN-Si
2N3792 2N3792 2N3792 PNP-Si

CTI—Contact Texas Instruments.
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2-10

CROSS-REFERENCE GUIDE

Ti DIRECT TiI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N4152 TIC116F SCR 2N4201 TIC106E SCR
2N4153 TIC116A SCR 2N4202 CTl SCR )
2N4154 TIC116B SCR 2N4210 2N4002 - NPN-Si
2N4155 Tic116C SCR 2N4211 2N4003 NPN-Si
2N4156 TIC116D SCR 2N4212 TIC39Y SCR
2N4157 TIC116E SCR 2N4213 TIC39F SCR
2N4158 TIC116M SCR 2N4214 TIC39A SCR
2N4159 TIC116F SCR 2N4215 TIC398B SCR
2N4160 TIC116F SCR 2N4216 TIC39B SCR
2N4161 TIC116A SCR 2N4217 Tic39C SCR
2N4162 TIC116B SCR 2N4218 TIC39C SCR
2N4163 TIC116C SCR 2N4219 TIC39D SCR
2N4164 TIC116D SCR 2N4231 TIP31 NPN-Si
2N4165 TIC116E SCR 2N4232 TIP31A NPN-Si
2N4166 TIC116M SCR 2N4233 TIP318 ~ NPN-Si
2N4167 TIC116F SCR 2N4234 TIP30 PNP-Si
2N4168 TIC116F SCR 2N4235 TIP30A PNP-Si
2N4169 TIC116A SCR 2N4236 . TIP30B PNP-Si
2N4170 TiC116B SCR 2N4240 2N4240 TIP48 NPN-Si
2N4171 TIC116C SCR 2N4241 Ti3027 PNP-Ge
2N4172 TIC116D SCR 2N4242 Ti3029 PNP-Ge
2N4173 TIC116E SCR 2N4243 T13028 PNP-Ge
2N4174 TIC116M SCR 2N4244 TI3027 PNP-Ge
2N4175 TIC116F SCR 2N4245 TI3030 PNP-Ge
2N4176 TIC116F SCR 2N4246 Ti3028 PNP-Ge
2N4177 TIE;‘I 16A SCR 2N4247 Ti3027 PNP-Ge
2N4178 TIC1 163 SCR 2N4271 2N657 NPN-Si
2N4179 Tic116C SCR 2N4272 2N657 NPN-Si
2N4180 TiC116D SCR 2N4273 CTI CTi NPN-Si
2N4181 TIC116E SCR 2N4296 TIP47 NPN-Si
2N4182 TIC116M SCR 2N4297 TIP47 NPN-Si
2N4183 TIC116F SCR 2N4298 TIP49 NPN-Si
2N4184 TIC116F SCR 2N4299 TIP49 NPN-Si
2N4185 TIC116A SCR 2N4300 2N4300 2N4300 NPN-Si
2N4186 TiC116B SCR 2N4301 2N4301 2N4301 NPN-Si
2N4187 Tic116C SCR 2N4305 CcTl 2N5154 NPN-Si
2N4188 TIC116D SCR 2N4307 CTl 2N5154 NPN-Si
2N4189 TIC116E SCR 2N4309 CTI 2N5154 NPN-Si
2N4190 TIC116M SCR 2N4311 CTl 2N5154 NPN-Si
2N4191 TIC116F SCR 2N4316 TIC116A SCR
2N4192 TIC116F SCR 2N4317 TiC116B SCR
2N4193 TIC116A SCR 2N4318 TiC116C SCR
2N4194 TiIC116B SCR 2N4319 TIC116D SCR
2N4195 TIC116C SCR 2N4322* 2N3001 SCR
2N4196 TIC116D SCR 2N4333* TIC39F SCR
2N4197 TIC116E SCR 2N4334* TIC39A SCR
2N4198 TiC116M SCR 2N4335* TIC39B SCR
2N4199 TIC106C SCR 2N4337* TIC39C SCR
2N4200 TIC106D SCR 2N4346 TI3031 PNP-Ge

* Asterisk denotes 2N numbers not JEDEC rei;terad through December 1970.
CTI—Contact Texas Instruments.
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CROSS-REFERENCE GUIDE

TYPE
2N4347
2N4348
2N4387
2N4388
2N4395
2N4396
2N4398
2N4399
2N4441
2N4442
2N4443
2N4444
2N4862
2N4863
2N4864
2N4865
2N4866
2N4877
2N4898
2N4899
2N4900
2N4901
2N4902
2N4903
2N4904
2N4905

24906
2N4907
2N4908
2N4910
2N4911
2N4912
2N4913
2N4914
2N4915
2N4918
2N4919
2N4920
2N4921
2N4922
2N4923
2N4998
2N4999
2N5000
2N5001
2N5002
2N5003
2N5004
2N5005

CTI—Contact Texas Instruments.

TI DIRECT
REPLACEMENT
cT!
CTI
cTl
CTI

2N4398
2N4399

CTl

CTl
cTi
CTI
2N4901
2N4902
2N4903
2N4904
2N4905
2N4906
CTI

CTl

2N4913
2N4914
2N4915

2N4998
2N4999
2N5000
2N5001
2N5002
2N5003
2N5004
2N5005

FOR NEW DESIGN CLASS

2N3716
2N3716
TIP30
TIP30A
2N3713
2N3713
2N4398
2N4399
TIC116F
TiC116B
TIC116D
TIC116M
CcTi
2N5148
CTI

CcTI

cTi

CcT!
TIP30
TIP30A
TIP30B
TiP34
TIP34A
TIP34B
TIP34
TIP34A
TIP34B
TIP34
TIP34A
TIP33
TIP33A
TIP33B
TIP33
TIP33A
TIP33B
TIP30
TIP30A
TiP30B
TIP29
TIP29A
TIP29B
2N4998
2N4999
2N5000
2N5001
2N5002
2N5003
2N5004
2N5005

NPN-Si
NPN-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
SCR

SCR

SCR

SCR

NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
NPN-Si
PNP-Si

TYPE
2N5006
2N5007
2N5008
2N5009
2N5010
2N5011
2N5012
2N5013
2N5014
2N5015
2N5034
2N5035
2N5036
2N5037
2N5038
2N5039
2N5048
2N5049
2N5050
2N5051
2N5052
2N5060
2N5061
2N5062
2N5063
2N5064
2N5067
2N5068
2N5069
2N5147
2N5148
2N5149
2N5150
2N5151
2N5152
2N5153
2N5154
2N5167
2N5190
2N5191
2N5192
2N5193
2N5194
2N5195
2N5202
2N5237
2N5238
2N5239

2N5240

TI DIRECT
REPLACEMENT

CT!
CT!
CTI

2N5038
2N5039

CTl

CcT1

(1))

2N5060
2N5061
2N5062
2N5063
2N5064
2N5067
2N5068
2N5069
2N5147
2N5148
2N5149
2N5150
2N5151
2N5152
2N5153
2N5154
2N5157

CTi
CTi
CTl
cTl
CTI

FOR NEW DESIGN CLASS

2N6128
2N6127
2N6128
2N6127
2N3439
2N3439
2N3439
2N3439
2N3439
2N3439
TIP33
TIP33
TIP33A
TIP33A
2N5038
2N5039
2N6128
2N6128
TIP47
TIP47
CcTi
TiC60
TIC61
TIC62
TIC63
Tice4
TIP33
TIP33A
TIP33B
2N5147
2N5148
2N5149
2N5150
2N5151
2N5152
2N51563
2N5154
2N5157
TIP31
TIP31A
TIP31B
TIP32
TIP32A
TIP32B
CTI

CTI

CTI

cTl

CTI

NPN-Si
PNP-Si
NPN-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
SCR
SCR
SCR
SCR
SCR
NPN-Si
NPN-Si
NPN-Si
PNP-Si
NPN-Si
PNP-Si
NPN-Si
PNP-Si
NPN-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si
PNP-Si
PNP-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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2-12

CROSS-REFERENCE GUIDE

TYPE
2N5241
2N5273
2N5274
2N5275
2N5279
2N5280
2N5284
2N5285
2N5286
2N5287
2N5288
2N5289
2N5290
2N5291
2N5293
2N5294
2N5295
2N5296
2N5297
2N5298
2N5301
2N5302
2N5303
2N5312
2N5313
2N5314
2N5315
2N5316
2N5317
2N5318
2N5319
2N5326
2N5327
2N5328
2N5329
2N5330
2N5331
2N5333
2N5334
2N5335
2N5336
2N5337
2N5338
2N5339
2N5344
2N5345
2N5346
2N5347
2N5348

CTI—Contact Texas Instruments,

TI DIRECT
REPLACEMENT

2N5241

CTI
CTI
CTl
CTi
CTl
CTI
CTI
CTI
CTl
CTl

2N5301
2N5302
2N5303
CTI
CTI
CTI
CTI
CTI
CTl
CTl
CTI
CT!
CTi
CTI
CTI
CcTl
CTI
2N5333
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CcTI

FOR NEW DESIGN CLASS

2N5241 NPN-Si
TIC263B TRIAC
TIC263D TRIAC
TIC263M TRIAC
2N3439 NPN-Si
2N3439 NPN-Si
2N5002 NPN-Si
2N5004 NPN-Si
2N5003 PNP-Si

2N5005 PNP-Si

2N6128 NPN-Si
2N6128 NPN-Si
2N6127 PNP-Si

2N6127 PNP-Si

TIP31B NPN-Si
TIP31B NPN-Si
TIP31 NPN-Si
TIP31 NPN-Si
TIP31A NPN-Si
TIP31A NPN-Si
2N5301 NPN-Si
2N5302 NPN-Si
2N5303 NPN-Si
2N6127 PNP-Si

2N6128 NPN-Si
2N6127 PNP-Si

2N6128 NPN-Si
2N6127 PNP-Si

2N6128 NPN-Si
2N6127 PNP-Si

2N6128 NPN-Si
CcTI NPN-Si
cT NPN-Si
CcTI NPN-Si
cTl NPN-Si
cTI NPN-Si
el NPN-Si
2N5333 NPN-Si
cTl NPN-Si
cTI NPN-Si
2N5152 NPN-Si
2N5154 NPN-Si
2N5152 NPN-Si
2N5154 NPN-Si
cTI PNP-Si

cTI PNP-Si

cTI NPN-Si
cTI NPN-Si
cTI NPN-Si

TYPE
2N56349
2N5384
2N5385
2N5386
2N5387
2N5388
2N5389
2N5390
2N5404
2N5405
2N5406
2N5407
2N5408
2N5409
2N5410
2N5411
2N5412
2N5427
2N5428
2N5429
2N5230
2N5466
2N5467
2N5468
2N5469
2N5477
2N5478
2N5479
2N5480
2N5489
2N5490
2N5491
2N5492
2N5493
2N5494
2N5495
2N5496
2N5497
2N5529
2N5530
2N5531
2N5532
2N5533
2N5534
2N5535
2N5536
2N5537
2N5538
2N5539

Ti DIRECT
REPLACEMENT
cTi
2N5384
2N5385
2N5386
2N5387
2N5388
2N5389
2N5390
CTI
CTl
CTl
CTI
CTI
CTI
CTI
CTI
CT!
cTi
CTI
CTI
CTI
CTI
CTI
CTi
CTI
CTI
CTI
CTI
CcTI
CTI

CTI
CTI
CcTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI
CTI

FOR NEW DESIGN CLASS

CTI
2N5384
2N5385
2N5386
2N5387
2N5388
2N5389
2N5390
2N5153
2N5163
2N5163
2N5153
2N5005
2N5005
2N5005
2N5005
CTI
TIP31B
TIP31B
TIP31C
TIP31C
TIP54
TIP54
TIP530
TIP530
CTI

CTI

CTl

CTI
TIXP547
TIP41
TIP41
TIP41A
TIP41A
TIP41
TIP41
TIP41B
TIP41B
2N5938
2N5938
CcTi
2N5938
2N5938
2N5938
2N5939
2N5939
2N5939
2N5939
2N4002

NPN-Si
PNP-Si
PNP-Si
PNP-Si

NPN-Si
NPN-Si
NPN-Si
NPN-Si
PNP-Si

PNP-Si

PNP-Si

PNP-Si

PNP-Si

PNP-Si

PNP-Si

PNP-Si

NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si

TEXAS INSTRUMENTS

INCORPORATED
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CROSS-REFERENCE GUIDE

TI DIRECT TI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N5540 CTI 2N5389 NPN-Si 2N5632 CTI 2N5885 NPN-Si
2N5541 CTi 2N3421 NPN-Si 2N5633 CTi 2N5885 NPN-Si
2N5542 CTI 2N4301 NPN-Si 2N5634 CTI 2N5885 NPN-Si
2N5552 cTi CT! NPN-Si 2N5655 TiP47 NPN-Si
2N5553* CTI CTI NPN-Si 2N5656 TIP4A8 NPN-Si
2N5554* CTI CTi NPN-Si 2N5657 TiP49 NPN-Si
2N5559 CTI CTI NPN-Si 2N5658 CTl 2N3997 NPN-Si
2N5560 CTi 2N4002 NPN-Si 2N5659 CTI 2N3997 NPN-Si
2N5567 TIC2368B TRIAC 2N5660 CT! CTi NPN-Si
2N5568 TIC236D TRIAC 2N5661 CTl CTI NPN-Si
2N5569 TIC236B TRIAC 2N5662 CTI CTI NPN-Si
2N5570 TiC236D TRIAC 2N5663 CTI CTI NPN-Si
2N5571 TiC246B TRIAC 2N5664 CTl CTI NPN-Si
2N5572 TiIC246D TRIAC 2N5665 CcTl CTI NPN-Si
2N5573 TIC2468B TRIAC 2N5666 CTI CTI NPN-Si
2N5574 TiC246D TRIAC 2N5667 CTI CTi NPN-Si
2N5597 TIP30A PNP-Si 2N5671 2N5671 2N5671 NPN-Si
2N5598 TIP31A NPN-Si 2N5672 2N5672 2N5672 NPN-Si
2N5599 TIP30B PNP-Si 2N5675 CTI 2N5333 PNP-Si
2N5600 CcTl TIP31B NPN-Si 2N5676 CTI 2N5384 PNP-Si
2N5601 CTI TiP30B PNP-Si 2N5677 CTl 2N5386 PNP-Si
2N5602 CTl TIP31B NPN-Si 2N5678 CTl CTI PNP-Si
2N5603 CTI TIP30C PNP-Si 2N5679 CTI 2N5333 PNP-Si
2N5604 CT! TIP31C NPN-Si 2N5680 CTl 2N5333 PNP-Si
2N5605 CTi TIP42A PNP-Si 2N5681 CTI 2N2990 NPN-Si
2N5606 CcTl CT! NPN-Si 2N5682 CTi 2N2990 NPN-Si
2N5607 CTi TiP42B PNP-Si 2N5683 2N5683 2N5683 PNP-Si
2N5608 CTi cT1 NPN-Si 2N5684 2N5684 2N5684 PNP-Si
2N5609 cTi TIP42C PNP-Si 2N5685 2N5685 2N5685 NPN-Si
2N5611 TIP42C PNP-Si 2N5686 2N5686 2N5686 NPN-Si
2N5613 2N3791 PNP-Si 2N5692 CTI CTI PNP-Ge
2N5614 TIP33A NPN-Si 2N5693 cTi CT! PNP-Ge
2N5615 2N3792 PNP-Si 2N5694 CTI CTI PNP-Ge
2N5616 TIP33B NPN-Si 2N5695 CTI CTI PNP-Ge
2N5617 2N3792 PNP-Si 2N5696 CTl CTI PNP-Ge
2N5618 TIP33B NPN-Si 2N5719 2N3002 SCR
2N5619 2N3792 PNP-Si 2N5720 2N3003 SCR
2N5620 TIP33C NPN-Si 2N5721 2N3004 SCR
2N5621 2N3791 PNP-Si 2N5722 CTI SCR
2N5622 TIP35A NPN-Si 2N5724 TIC39F SCR
2N5623 2N3792 PNP-Si 2N5725 TIC39A SCR
2N5624 TIP35B NPN-Si 2N5726 TiCc398 SCR
2N5625 2N5884 PNP-Si 2N5727 . TIC39C SCR
2N5626 TIP35B NPN-Si 2N5729 CcTi 2N3420 NPN-Si
2N5627 2N5884 PNP-Si 2N5730 CcTi 2N5004 NPN-Si
2N5628 cTi CcTi NPN-Si 2N5731 cTi 2N6128 NPN-Si
2N5629 CTi 2N5885 NPN-Si 2N5732 TIP35C NPN-Si
2N5630 CTi 2N5885 NPN-Si 2N5734 2N5885 NPN-Si
2N5631 CTi 2N5885 NPN-Si 2N5737 CTI 2N3791 PNP-Si

* Asterisk denotes 2N numbers not JEDEC registered through December 1970.
CTl—Contact Texas Instruments.
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2-14

CROSS-REFERENCE GUIDE

TI DIRECT TI DIRECT

TYPE  REPLACEMENT FOR NEW DESIGN CLASS TYPE  REPLACEMENT FOR NEW DESIGN CLASS
2N5738 CTI 2N3792 PNP-Si 2N5888 CTI CTi PNP-Ge
2N5739 CTt CTI PNP-Si 2N5889 CTI /CTI PNP-Ge
2N5740 cTl cTl PNPSi 2N5900 cTI cTI PNP-Ge
2N5741 CTI . 2N5883 PNP-Si 2N5901 CTiI CTI PNP-Ge
2N5742 CTI 2N5884 PNP-Si 2N5926 CTi1 CTI NPN-Si
2N5743 CTI CTi PNP-Si 2N5927 CTI CTl NPN-Si
2N5744 CTI CTI PNP-Si 2N5928 CcTI CTIi NPN-Si
2N5745 CTI 2N5883 PNP-Si 2N5929 CTi CTI NPN-Si
2N5758 2N5758 2N5758 NPN-Si 2N5930 CTI cTi NPN-Si
2N5759 2N5759 2N5759 NPN-Si 2N5931 CTI CTI NPN-Si
2N5760 2N5760 2N5760 NPN-Si 2N5932 CTI CTi NPN-Si
2N5781 CTi CcTl PNP-Si 2N5933 CTi CTI NPN-Si
2N5782 CTIl CTI PNP-Si 2N5934 CTi CTI NPN-Si
2N5783 CTI CTI PNP-Si 2N5935 CTI CTI NPN-Si
2N5784 cTI cTl NPN-Si 2N5936 cTI cTi NPN-Si
2N5785 CTI CcTI NPN-Si 2N5937 CTI CTl NPN-Si
2N5786 CTI CTI NPN-Si 2N5938 . 2N5938 CTI NPN-Si
2N5787 TIC44 SCR 2N5939 2N5939 CTI NPN-Si
2N5788 TIC45 SCR 2N5940 2N5940 CTI NPN-Si
2N5791 CTI SCR 2N5954 CT! TIP41A NPN-Si
2N5792 TIC39D SCR 2N5955 CTI TIP41A NPN-Si
2N5804 CTI TiP52 NPN-Si 2N5956 CTi TiP41 NPN-Si
2N5805 CTI TIP54 NPN-Si 2N5957 CTi CTI NPN-Si
2N5838 TIP52 NPN-Si 2N5958 CTI CTI NPN-Si
2N5839 TIP52 NPN-Si 2N5959 CTI CTI NPN-Si
2N5840 TIP54 NPN-Si 2N5960 CTI CTI NPN-Si
2N5853 CTI 2N5386 PNP-Si 2N5966 CTI CTi NPN-Si
2N5854 cTI 2N4301 NPN-Si 2N5967 cTI cTl NPN-Si
2N5867. 2N5867 2N5867 PNP-Si 2N5968 CTI CTI NPN-Si
2N5868 2N5868 2N5868 PNP-Si 2N5969 CTI CTi NPN-Si
2N5869 2N5869 2N5869 NPN-Si 2N5970 cTI cTl NPN-Si
2N5870 2N5870 2N5870 NPN-Si 2N5971 cTI cTI NPN-Si
2N5871 2N5871 2N5871 PNP-Si 2N5972 CTI CTI NPN-Si
2N5872 2N5872 2N5872 PNP-Si 2N5973 CTI CTI NPN-Si
2N5873 2N5873 2N5873 NPN-Si 2N5974 TIP34 PNP-Si
2N5874 2N5874 2N5874 NPN-Si 2N5975 TIP34A PNP-Si
2N5875 2N5875 2N5875 PNP-Si 2N5976 TIP34B PNP-Si
2N5876 2N5876 2N5876 PNP-Si 2N5977 TIP33 NPN-Si
2N5877 2N5877 2N5877 NPN-Si 2N5978 TIP33A NPN-Si
2N5878 2N5878 2N5878 NPN-Si 2N5979 TIP33B NPN-Si
2N5879 2N5879 2N5879 PNP-Si 2N5980 TIP34 PNP-Si
2N5880 2N5880 2N5880 PNP-Si 2N5981 TIP34A PNP-Si
2N5881 2N5881 2N5881 NPN-Si 2N5982 TIP34B PNP-Si
2N5882 2N5882 2N5882 NPN-Si 2N5983 TIP33 NPN-Si
2N5883 2N5883 2N5883 PNP-Si 2N5984 TIP33A NPN-Si
2N5884 2N5884 2N5884 PNP-Si 2N5985 TIP338 NPN-Si
2N5885 2N5885 2N5885 NPN-Si 2N5986 TIP36 PNP-Si
2N5886 2N5886 2N5886 NPN-Si 2N5987 TIP36A PNP-Si
2N5887 CTI . CTI PNP-Ge 2N5988 TIP36B PNP-Si

CTIl—Contact Texas Instruments.
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CROSS-REFERENCE GUIDE

TI DIRECT TI DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N5989 TIP35 NPN-Si 2N6125 TIP32A PNP-Si
2N5990 TIP35A NPN-Si 2N6126 TIP32B PNP-Si
2N5991 TIP35B NPN-Si 2N6127 2N6127 2N6127 PNP-Si
2N6021 TIP32B PNP-Si 2N6128 2N6128 2N6128 NPN-Si
2N6022 TIP32B PNP-Si 2N6129 TIP41 NPN-Si
2N6023 TIP32 PNP-Si 2N6130 TIP41A NPN-Si
2N6024 TIP32 PNP-Si 2N6131 TIP41B NPN-Si
2N6025 TIP32A PNP-Si 2N6132 TIP42 PNP-Si
2N6026 TIP32A PNP-Si 2N6133 TIP42A PNP-Si
2N6032 CTI CTI NPN-Si 2N6134 TIP42B PNP-Si
2N6033 CTI CTi NPN-Si 2N6139 TiC236B TRIAC
2N6046 CTI 2N4002 NPN-Si 2N6140 TiIC236D TRIAC
2N6047 CTI 2N4002 NPN-Si 2N6141 cTI TRIAC
2N6048 CTI 2N4002 NPN-Si 2N6142 TIC236B TRIAC
2N6049 CTI CTi PNP-Si 2N6143 TIC236D TRIAC
2N6060 CTI 2N4002 NPN-Si 2N6144 cT1 TRIAC
2N6061 CTl 2N4002 NPN-Si 2N6148 TIC236B TRIAC
2N6062 CTI 2N4002 NPN-Si 2N6149 TIC236D TRIAC
2N6063 cTI 2N4002 NPN-Si 2N6150 cTl TRIAC
2N6064 cTi CTl PNP-Ge 2N6154 TIC2368B TRIAC
2N6065 CTl CTI PNP-Ge 2N6155 TIC236D TRIAC
2N6066 CTI CTI PNP-Ge 2N6156 CTI! TRIAC
2N6068 TIC2268B TRIAC 2N6157 TIC263B TRIAC
2N6069 TiCc226B TRIAC 2N6158 TIC263D TRIAC
2N6070 TIC226A TRIAC 2N6159 TIC263M TRIAC
2N6071 TiC226B TRIAC 2N6160 TiIC2638B TRIAC
2N6072 T1C226D TRIAC 2N6161 TIC263D TRIAC
2N6073 TiC226D TRIAC 2N6162 TIC263M TRIAC
2N6074 TiC226M TRIAC 2N6175 TIP47 NPN-Si
2N6075 TIC226M TRIAC 2N6176 TIP48 NPN-Si
2N6077 CTI CTi NPN-Si 2N6177 TIP49 NPN-Si
2N6078 cTI CTI NPN-Si 2N6178 TIP29B NPN-Si
2N6079 CTI CTI NPN-Si 2N6179 TIP29A NPN-Si
2N6098 TIP31A NPN-Si 2N6180 TIP30B PNP-Si
2N6099 TIP31A NPN-Si 2N6181 TIP30A PNP-Si
2N6100 TIP41B NPN-Si 2N6182 cTI 2N5003 PNP-Si
2N6101 TIP41B NPN-Si 2N6183 -CTI 2N5005 PNP-Si
2N6102 TIP41 NPN-Si 2N6184 CTI 2N5003 PNP-Si
2N6103 TIP41 NPN-Si 2N6185 CTI 2N5003 PNP-Si
2N6106 TIP32B PNP-Si 2N6186 CTI 2N5003 PNP-Si
2N6107 TIP32B PNP-Si 2N6187 CT! 2N5005 PNP-Si
2N6108 TIP32A PNP-Si 2N6188 CTI 2N5003 PNP-Si
2N6109 TIP32A PNP-Si 2N6189 CTI 2N5005 PNP-Si
2N6110 TIP32 PNP-Si 2N6233 CTI CTI NPN-Si
2N6111 TIP32 PNP-Si 2N6234 cTi cTl NPN-Si
2N6121 TIP31 NPN-Si 2N6235 CTI CTI NPN-Si
2N6122 TIP31A NPN-Si 2N6236 TIC106Y SCR
2N6123 TIP31B NPN-Si 2N6237 TIC106F SCR
2N6124 TIP32 PNP-Si 2N6238 TIC106A SCR

CTl—Contact Texas Instruments.
TEXAS INSTRUMENTS

NCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CROSS-REFERENCE GUIDE

Ti DIRECT Tl DIRECT

TYPE REPLACEMENT FOR NEW DESIGN CLASS TYPE REPLACEMENT FOR NEW DESIGN CLASS
2N6239 TiCci06B SCR 2N6288 TiP41 NPN-Si
2N6240 TIC106D SCR 2N6289 TIP41 NPN-Si
2N6241 CTl SCR 2N6290 TIP41 NPN-Si
2N6246 CTI 2N5879 PNP-Si 2N6291 TIP41 NPN-Si
2N6247 CTI 2N5880 PNP-Si 2N6292 TIP41B NPN-Si
2N6248 CT! CTI PNP-Si 2N6293 TIP41B NPN-Si
2N6249 CTi CTi NPN-Si 2N6322 2N6322 2N6322 NPN-Si
2N6250 CTI CTI NPN-Si 2N6323 2N6323 2N6323 NPN-Si
2N6251 CTI CTi NPN-Si 2N6324 2N6324 2N6324 NPN-Si
2N6253 CTI 2N3713 NPN-Si 2N6325 2N6325 2N6325 NPN-Si
2N6254 CTi 2N3713 NPN-Si 2N6326 2N6326 2N6326 NPN-Si
2N6257 CTI CTI NPN-Si 2N6327 2N6327 2N6327 NPN-Si
2N6258 CTI CTl NPN-Si 2N6328 2N6328 2N6328 NPN-Si
2N6259 CTi CTl NPN-Si 2N6329 2N6329 2N6329 PNP-Si
2N6260* CTI CTI NPN-Si 2N6330 2N6330 2N6330 PNP-Si
2N6261* CTI CTI NPN-Si 2N6331 2N6331 2N6331 PNP-Si
2N6262 CTI 2N5885 NPN-Si 2N6332 2N6332 2N6332 - SCR
2N6263 CTi CTI NPN-Si 2N6333 2N6333 2N6333 SCR
2N6264 CTI CTi NPN-Si 2N6334 2N6334 2N6334 SCR
2N6270 2N6270 2N6270 NPN-Si 2N6335 2N6335 2N6335 SCR
2N6271 2N6271 2N6271 NPN-Si 2N6336 2N6336 2N6336 SCR
2N6272 2N6272 2N6272 NPN-Si 2N6337 2N6337 2N6337 SCR
2N6273 2N6273 2N6273 NPN-Si
* Asterisk denotes 2N numbers not JEDEC registered through December 1970.
CTI-—Contact Texas Instruments,
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CROSS-REFERENCE GUIDE

TYPE
40250
40251
40310
40312
40313
40316
40318
40322
40324
40325
40328
40363
40364
40369
40372
40374
40375
40378
40379
40411
40429
40430
40431
40432
40433
40464
40465
40466
40485
40486
40502
40503
40504
40505
40507
40508
40509
40511
40512
40513
40514
40526
40529

KEY TO MANUFACTURERS

ECC—Electronic Control Corporation

FSC—Fairchild Semiconductor Corporation

GE—General Electric Company

MOTA—Motorola Semiconductor Products, Incorporated

MANUFACTURER FOR NEW DESIGN CLASS

RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA

TIP31
2N5881
TIP31
TIP31A
TIP48
TIP31
TiP4g8
TIPA8
TIP31
2N5877
TIP48
2N5877
TIP31A
2N3713
TIP31A
TIP47
TIP31A
TIC106B
TiC116D
2N5878
TIC226B
TIC226D
TIC226B
T1C226D
TIP48
2N3715
2N3715
2N3715
TIC2268B
TiC226D
TIC226B
TIC226D
TiC1068B
TIC106D
TIC106B
TiC116D
T1C226B
TIC226B
TIC226D
TIP33
TiP33
TIC2058
TIC2058B

NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
SCR

SCR

NPN-Si
TRIAC
TRIAC
TRIAC
TRIAC
NPN-Si
NPN-Si
NPN-Si
NPN-Si
TRIAC
TRIAC
TRIAC
TRIAC
SCR

SCR

SCR

SCR

TRIAC
TRIAC
TRIAC
NPN-Si
NPN-Si
TRIAC
TRIAC

TYPE
40531
40532
40533
40534
40535
40536
40553
40554
40575
40576
40613
40618
40621
40622
40624
40627
40629
40630
40631
40632
40633
40636
40638
40654
40655
40656
40657
40658
40659
40664
40667
40668
40669
40684
40685
40686
40691
40692
40693
40694
40696
40697
40698

RCA—Radio Corporation of America
SOD—Solitron Devices, Incorporated

TEC—Transitron Electronic Corporation

UNI—Unitrode Corporation

MANUFACTURER FOR NEW DESIGN CLASS

RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA
RCA

TIC205A
T1C205B
TIC106B
TIC205A
T1C2058B
TIC205D
TiC1168B
TIC106D
TIC2468B
TIC246D
TIP31
TIP31
TIP31
TIP31
TIP41
TIP4A1A
TIP31
TIP31
TIP31
TIP41A
TIP33A
2N5878
TIC226B
TIC116B
TiC116D
TIC1168B
Tic116D
TiC1168B
TIC116D
TiC216D
TIC216D
TiC226B
TIC226D
TIC205A
TIC205B
TIC205D
TIC215B
TiC205D
TIC205A
TIC2058
TIC205A
T1C2058
TIC205D

TRIAC
TRIAC
SCR

TRIAC
TRIAC
TRIAC
SCR

SCR

TRIAC
TRIAC
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
NPN-Si
TRIAC
SCR

SCR

SCR

SCR

SCR

SCR

TRIAC
TRIAC
TRIAC
TRIAC
TRIAC
TRIAC
TRIAC
TRIAC

_TRIAC

TRIAC
TRIAC
TRIAC
TRIAC
TRIAC

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CROSS-REFERENCE GUIDE

TYPE MANUFACTURER FOR NEWDESIGN CLASS TYPE MANUFACTURER FOR NEW DESIGN CLASS
40711 RCA TIC246B TRIAC 40803 RCA TIC246D TRIAC
40712 RCA TIC246D TRIAC 40804 RCA TIC2563M TRIAC
40713 RCA TIC246B TRIAC 40807 RCA TIC253M TRIAC
40714 RCA TIC246D TRIAC 40810 RCA 2N1595 SCR
40715 RCA TIC2468 TRIAC 40811 RCA 2N1597 SCR
40716 RCA TIC246D ‘TRIAC 40812 RCA 2N 1599 SCR
40717 RCA TIC2368B TRIAC 40816 RCA TIP41 NPN-Si
40718 RCA TiC236D TRIAC 40829 RCA TIP32B PNP-Si
40719 RCA TiC236B TRIAC. 40830 RCA TIP32A PNP-Si
40720 RCA TIC236D TRIAC 40831 RCA TIP32 PNP-Si
40721 RCA TiC226B TRIAC 40840 RCA TIP52t NPN-Si
40722 RCA TIC226D TRIAC 40850 RCA TIP48 NPN-Si
40723 RCA TiC216D TRIAC 40851 RCA TIP49 NPN-Si
40725 RCA TiC226B TRIAC 40852 RCA TIP53T NPN-Si
40726 RCA TIC216D TRIAC 40853 RCA TiP53t NPN-Si
40727 RCA TIC226B TRIAC 40867 RCA TIC116B SCR
40728 RCA TiC226D TRIAC 40868 RCA TiC116B SCR
40729 RCA TiC226B TRIAC 40869 RCA TIC116D SCR
40731 RCA TIC205B TRIAC 40872 RCA TIP32C PNP-Si
40733 RCA TiC226B TRIAC 40874 RCA TIP32B PNP-Si
40737 RCA TIC116A SCR 40876 RCA TIP32A PNP-Si
40738 RCA TIC116B SCR 40884 RCA TIP41A NPN-Si
40739 RCA TIC126D SCR A01001 ECC TiC206B TRIAC
40740 RCA TIC126M SCR A01002 ECC - TiC206B " TRIAC
40741 RCA TIC116A SCR A01003 ECC TIC206D TRIAC
40742 RCA TiIC116B SCR A01004 ECC TI1C206D TRIAC
40743 RCA TIC126D SCR A01021 ECC TiC216B TRIAC
40744 RCA TIC126M SCR A01022 ECC TiC216D TRIAC
40745 RCA TIC116A SCR A01061 ECC TIC2268B TRIAC
40746 RCA TiC1168B SCR A01062 ECC TiC226D TRIAC
40747 RCA TIC126D SCR A01101 ECC T1C2368B TRIAC
40748 RCA TiIC126M SCR A01102 ECC TIC236D TRIAC
40761 RCA TIC215B TRIAC A01141 ECC TiC2468B TRIAC
40773 RCA TIC2058 TRIAC A01142 ECC TIC246D TRIAC
40774 RCA TIC205D TRIAC AO01 1A81 ECC TIC253B { TRIAC
40775 RCA Tic216B TRIAC A01182 ECC TIC253D TRIAC
40776 RCA TIC226D TRIAC A03001 ECC TIC2068 TRIAC
40778 RCA TIC226D TRIAC A03002 ECC TiC206B TRIAC
40779 RCA TiIC236B TRIAC A03003 ECC TIC206D TRIAC
40780 RCA TIC236D TRIAC A03004 ECC TIC206D TRIAC
40781 RCA TIC23€6B TRIAC AA100 UNI 2N3002 SCR
40782 RCA TIC236D TRIAC AA101 UNI 2N3003 SCR
40783 RCA TIC246B TRIAC AA103 UNI 2N1598 SCR
40784 RCA TIC246D TRIAC AA107 UNI 2N3002 SCR
40785 RCA TIC2468B TRIAC AA108 UNI TIC39A SCR
40786 RCA TIC246D TRIAC AA110 UNI 2N 1598 SCR
40797 RCA TIC253M TRIAC AA114 UNI 2N3002 SCR
40798 RCA TIC253M TRIAC AA115 UNI 2N3007 SCR
40799 RCA TIC2368 "TRIAC AA117 UNI 2N1598 SCR
40802 RCA TIC246B TRIAC AD100 UNI TIC39F SCR

Refer to page 2-17 for key to manufacturers.
tContact Texa