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FOREWORD

The material in this document was developed by the Committee on Low Frequency
Power Transistors (JC-25) of the Joint Electron Device Engineering Councils
(JEDEC), and has been approved by the JEDEC Council for issuance as a JEDEC
Suggested Standard.

The products under the jurisdiction of the Committee, and to which the
document is primarily directed, include all power transistors, power Darling-
tons, and similar single-chip devices capable of dissipating 2.5 W or more of
power, and rated to operate at frequencies less than 3 MHz and to have gain
band-width products less than 300 MHz.

This document is intended for the use of both transistor suppliers and users.
It includes the test methods which are specified in the Committee's registra-

“tion formats and are used for establishing and verifying the maximum ratings,

safe operating conditions, and electrical characteristics of low frequency
power transistors registered by JEDEC. It also includes accepted practices
for making thermal characteristic tests of these transistors. Pertinent more

. to the interests of suppliers is a part on procedures for having transistors

registered by JEDEC, and a part on military specifications used as procurement
documents by the United States Govermnment for purchasing semiconductor devices.
Of more general interest is a users guide with sections on transistor failure
modes, effects of temperature on electrical parameters, and hints for trouble
shooting tramsistor circuits. The terms, with their definitioms, and the
letter symbols used in the document are listed in a separate part.

The document is issued in the form of a suggested standard while experience is

gained with its use to determine if it should be adopted as an EIA-NEMA recom-
mended standard.
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PART 1
TERMS, DEFINITIONS, AND LETTER SYMBOLS

1.1 INTRODUCTION

This part consists of a listing of letter symbols, terms, and definitionms
which are used in other parts of this document, and some which are included for
general information. Omitted from the list, however, are some special letter
symbols of limited application whose use and definition are sufficiently close in
the document to avoid the necessity of being included.

While the primary source for this listing is JEDEC Publication No. 77-A, the
listing and the JC-25 JEDEC registration formats are recommended as more specialized
reference material and have overriding authority where any conflicts may occur.

References to definitions which are provided in JEDEC Publication 77-A are
included in parentheses after the definitiom. Reference to the source of other

‘definitions used are also included as appropriate.

The letter symbols used consist of primary symbols and secondary or subscript
symbols. Upper-case letters indicate dc, average, rms, or maximum values while
lower-case letters indicate instantaneous values of a quantity which varies with time

Descriptive informatign concerning letter symbols used are abbreviated and added
in subscript, sometimes in parentheses. The abbreviations used are as follows: ¥
and PX for maximum or peak value, AV for average value, max for maximum value, min
for minimum value, and on for the value while thé transistor is in its-conducting
state. ) '

Multiple terminals connected to electrodes of the same type, such as the bases
of a Darlington device, are identified by adding a number following and in line
with each terminal designation in accordance with terminal numbering in EIA Standard
RS-321B. For example, VEBI is the voltage between the emitter and base terminal

number 1.

1.2 TERMS AND DEFINITIONS )
Term : Definition
base (B, B)* ¢ o ¢ o o o o o o A region which lies between an emitter and

collector of a transistor and into which min-
ority carriers are injected. (Ref. 60 IRE 28.S:

breakdown. . . « « « « « « » . A phenomenon occurring in a reverse-biased
semiconductor junction, 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).



Term

breakdown region .

breakdown voltage. . . . . . . .

collector (C, ¢)*. . . .+ .

electrode . . . .

emitter (E, e)*

junction, collector.

junction, emitter

open-circuit . . . .

reverse current.

« e o o

*NOTE:

Definttion

A region of the volt-ampere character-
istic beyond the initiation of break-
down for an increasing magnitude of
reverse current. (Ref RS-282 par. 1.37).

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

A region through which a primary flow
of charge carriers leaves the base.
(Ref. 60 IRE 28.S51).

An electrical and mechanical contact
to a region of a semiconductor device.
(Ref. RS-282 par. 1.06).

‘A région from which charge carriers
that are minority carriers in the base
are injected into the base. (Ref. 60
IRE 28.S51).

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).

A semiconductor junction normally biased
in the low-resistance direction to
inject minority carriers into the base.
(Ref. 60 IRE 28.S51).

A circuit in which halving the magni-

tude 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).

The current that flows through a semi-
conductor junction in the reverse
direction.

Reference to base, collector, emitter
symbolism (B, b, C, ¢, E, c) refers
to the device terminals connected to
those regions.



Term

reverse direction . « « . . . .

saturation . . . v . . e . 4 . .

second breakdown . . . . . . . .

Definition

The direction of higher resistance to
steady direct-current flow through a
semiconductor junction. (Ref. RS-282
par. 1.20).

A base-current and a collector-current
condition resulting in a forward-biased
collector junction. (Ref. JEDEC Publ.
77-A, p. D1.)

A condition of the transistor, resulting
from a lateral current instability,

in which the electrical characteristics
are determined principally by the spread-
ing resistance of- a thermally maintained
current constriction. The initiation

of second breakdown is observed as a_
decrease in the voltage sustained by

the collector.

JC-25 NOTE: Second breakdown differs
from thermal failure in that its initi-

. ation 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 positive,
negative, or zero base current.

-

semiconductor device , . . . . A device whose essential characteris-

semiconductor junction . . . . .
(commonly referred to as
junction)

short-circuit. . . « « = . « « &

tics are due to the flow of charge
carriers within a semiconductor.
RS-282 par. 1.09).

(Ref.

A region of transition between semi-
conductor regions of different electri-
cal properties (e.g., n-n+, p-n, p-D+
semiconductors), or between a metal

and a semiconductor. (Ref. RS-282 par.
1.0).

A circuit in which doubling the magni-
tude 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).



Term

small-signal . . . .

static value . . .

terminal . . . . . .

thermal resistance .
(steady-state)

transient thermal .
impedance

transistor « . . . .

s

transistor, junction,
multijunction type

Definition

A signal which when doubled in magni-
tude 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 connec-
tion 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).

The change of temperature difference

. between two specified points or regionms

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).

An active semiconductor device capable
of providing power amplification and
having three or more terminals.

(Ref. IEC #147-0 par. 0-2.8).

A transistor having a base and two or
more junctioms.

Graphic symbols for emitter, base, collec-
tor transistors: (Ref. ANST Y32.2).

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

NPN
collector collecto:

g

base base

emitter enit

(4
g
ty
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1.3 LETTER
Symbol

Cibo

obo

hfe

PE

FE

fe

IE

ie

SYMBOLS, TERMS AND DEFINITIONS

Term

open-circuit input
capacitance

open-circuit output
capacitance

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

transition frequency
‘or '

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

large-signal insertion
power gain (common-
emitter)

static forward cur-
rent transfer ratio
{common-emitter)

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

static input resist-
ance (common-emitter)

small-signal short-
circuit input impedance
(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 out-
put terminals (collector and base) with
the input open-circuited to ac.

(Ref. IEEE #255).

The lowest frequency at which the magni-
tude of the small-signal short-circuit
forward current transfer ratio is 0.707
of its value at a specified low fre-
quency (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 hge

is decreasing with a slope of approxi-
mately 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-S5-19500D

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
emitter for ac. (Ref. MIL-S-19500D

par. 30.24).



* Symbol

Im(hie)

oe

R (h )

Term

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

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

small-signal open-
circuit output
admittance,
(common-emitter)

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

real part of the small-
signal open-circuit
output admittance,
(common-emitter)

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

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

current, instantan-
eous total value
(base-terminal,
collector-terminal,
emitter-terminal)

Definition

The ratio of the out-ofwphase (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) com-
ponent 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 the emitter for ac. (Ref.
MIL-S-19500D par. 30.15).

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

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

and with the base-terminal open-circuited .
to the emitter for ac.

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

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

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

10




Symbol

@ | . Tcpo

Teere
CES®
CEV?

CEX

CEO’

DIAGRAM ILLUSTRATING FOREGOING CURRENTS (Ref IEEE #255)
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Term Definition,

collector cutoff current,
dc, emitter open

collector cutoff current,
dc (base open,

resistance between
base and emitter,

base short-circuited
to emitter, :

voltage between
base and emitter,

circuit between
base and emitter)

11

The de current into the collector ter-
minal when it is biased in the reverse
direction with respect to the base
terminal and ‘the emitter terminal is
open-circuited. (Ref IEEE #255).

The dc current into the collector ter-
minal when it 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):

open-circuited.

returned to the emitter terminal
through a specified resistance.
short-circuited to the emitter
terminal.

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

% < 0 WO
1]

(Ref. IEEE #255)

*For these parameters, the collector
terminal is considered to be biased in
the reverse direction when it is made
positive for NPN transistors or nega-
tive for PNP transistors with respect
to the emitter terminal.



Symbol Term

IEBO emitter cutoff current,
dc, collector open

PBE power input, dc (to
the base, common-emit-
ter) .

P power input; instantan-
eous total (to the base,
common-emitter)

POE large-signal output
power (common-emitter)

PT " total nonreactive
power input to all
terminals

Pr nonreactive power input,
instanteous total, to
all terminals

Q quality factor >

rb'Cc collector-base
time constant

Re thermal resistance

(formerly )

RGCA thermal resistance,
case~to-ambient

ReJA thermal resistance,

(formerly junction-to-ambient

©5.a)

12

Definition ' )

The dc current into the emitter ter-
minal when it is biased in the reverse
direction with respect to the base ter-
minal and the collector terminal is
open-circuited. (Ref. IEEE #255).

The product of the dc input current and
voltage with the common-emitter circuit
configuration.

The product of the instantaneous input

"current and voltage with the common-

emitter circuit configuration.

The product of the large-signal ac out-
put current and voltage with the common-
emitter circuit configuration.

The sum of the products of the dc input
currents and voltages, i.e.

VBE . IB + VCE . IC or
Vee " gt Ve Ic

The sum of the products of the instan- .
taneous input currents and voltages.

Sa

27 times the ratio of the maximum stored
energy to the energy dissipated per cycle
at a given frequency. Note: The Q of
an inductor at a frequency is the mag-
nitude of the ratio of its reactance to
its effective series resistance at that
frequency. (IEEE std. 100-1972).

The product. of the intrinsic base
resistance and collector capacitance
under specified small-signal conditionms.

Refer to thermal resistance (steady
state) in 1.2.

The thermal resistance (steady-state)
from the device case to the ambient.

The thermal resistance (steady-state)
from the semiconductor junction(s) to
the ambient.
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Symbol

Raac
(formerly
)

Rooum

Term )

thermal resistance,
junction-to-case

thermal resistance,
junction-to-mounting
surface

ambient temperature or
free-air temperature
case temperature

junction temperature-

storage temperature

delay time

fall time

turn-off time
turn-on time

pulse time

Definition
The thermal resistance (steady-state)

from the semiconductor junction(s)
to a stated location on the case.

The thermal resistance (steady-state)

. from the semiconductor junction(s) to

13

a stated location on the mounting sur-
face. :

The air temperature measured below a
device, in an environment of substan-
tially 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).

The temperature measured at a specified
location on the case of a device. )
(RefQ MIL-S-IQSOOD Pal‘. 20 ° 20 . 2) .

The temperature of the semiconductor
junction.

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

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 ampli-
tude. (Ref. MIL-S-19500D par. 20.11).

The time duration during which the trail-

ing edge of a pulse decreases from
90 to 10 percent of its maximum amplitude.
(Ref. MIL-S-19500D par. 20.12).

The sum of ts + tf.
The sum of td + tr.

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).



Symbol Term Definition

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

t storage time The time interval from a point 90 percent

of the maximum 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).

t pulse average time 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

INPUT PULSE OUTEUT FULSE

14



Symbol

V (8r)CBO’
(formerly

BVCBOJ

V (8rycE0’
(formerly

BVego)

VesRr)CER®

(formerly

BVeer)

V(8r)CES?
(formerly

BVegg)
V BR)CEV?
(formerly
BVerv)

V (BR)CEX

- (formerly

BVeEx)

Ver)EBO’
(formerly

BVEBO)

BB’
cc’

EE

BC’
BE’
CB’
CE’
EB’

< < < <

< <

Term

breakdown voltage col-
lector-to-base, emitter

open

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

resistance between
base .and emitter,

base short-c1rcu1ted
to emitter,

voltage between
base and emitter,

circuit between
base and emitter)

breakdown voltage,
emitter-to-base,
collector open

supply voltage, dc
(base, colléctor,
emitter)

voltage, dc or average

(base-to-collector,
basée-to-emitter,
collector-to-base,
collector-to-emitter,
emitter-to-base,
emitter-to-collector)

Definition

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

The breakdown voltage between the col-
lector terminal and the emitter terminal
when the collector terminal is biased in
the reverse direction* with respect to
the emitter terminal and the base ter-
minal is (as indicated by the last sub-
script letter as follows):

0 = open-circuited.

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

S = short-circuited to the emltter

terminal.

V = returned to the emitter term1na;
through a specified voltage.

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

(Ref. IEEE #255)

*For these parameters, the collector ter-
minal is considered to be biased in the
reverse direction when it is made posi-
tive for NPN transistors or negative for
PNP transistors with respect to the emit-
ter terminal.

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

The dc supply voltage applied to 2 cir-
cuit connected to the reference terminal.

\

The de voltage between the terminal
indicated by the first subscript and
the reference terminal (stated in
terms of the polarity at the ter-
minal indicated by the first sub-
script).



Symbol

VBE(sat)

VeB(£1)?

CBO

VeE(sat)-

CEO’
VeER?
CES®

CEV?

CEX

Term

saturation voltage,
dc, base-to-emitter

dc open-circuit
voltage (floating
potential)
(emitter-to-base)

collector-to-base
voltage, dc,
emitter open

saturation voltage,
de, collector-to-
emitter

collector-to-emitter .
voltage, dc, with
(base open,

Tesistance between

base and emitter,

base short-circuited
to emitter,

voltage between
base and emitter,

circuit between
base and emitter)

Definition \) .

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

The dc open-circuit voltage (floating
potential) between the emitter ter-
minal and the base terminal when the col-
lector terminal is biased in the re-
verse direction with respect to the base
terminal. (Ref. IEEE #255)

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 speci-
fied saturation conditions. (Ref., IEEE
#255)

"The de voltage between the coliector

terminal and the emitter terminal when
the base terminal is (as indicated by .
the last subscript letter):

open circuited.

returned to the emitter terminal
through a specified resistance.
short-circuited to the emitter
terminal.

= returned to the emitter terminal
through a specified voltage.

= returned to the emitter terminal
through a specified circuit.

< n WO
n

Ay
~a.
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Symbol

VCEO(sus)’

VCER(sus)’
vCES(sus)’

VCEV(sus)’

VCEX(sus)

EBO

Zo(t)
(formerly

®ty)
ZoJA(t)
(formerly
®5-Act))

Za3C (1)
(formerly

®r-cet)’

Term

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

resistance between
base and emitter,

base short-circuited
to emitter,

voltage between base
and emitter,

circuit between base
and emitter).

emitter-to-base
voltage, dc,
collector open

transient thermal
impedance

transient thermal
impedance, junction-
to-ambient

transient thermal
impedance, junction-
to-case '

17

Definition

The collector-to-emitter breakdown voltage

at relatively 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):

0 = 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.

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 con-
dition described by the third subscript
letter.

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

Refer to transient thermal impedance
in 1.2.

The transient thermal impedance from
the semiconductor junction(s) to the
ambient.

The transient thermal impedance from the
semiconductor junction(s) to a stated

. location on the case.
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PART 2
REGISTRATION

2.1 INTRODUCTION

This chapter describes established procedures that are followed in the

.assignment of semiconductor industry type designations to and registration of

power transistors. These procedures are discussed from the standpoints of
both administration by JEDEC and compliance by the device manufacturer.

The material in 2.2 on type assignments is taken from JEDEC Publication
No. 15C (October 1971). However, the latest revision of this publication has
overriding authority where any conflict may occur with the material contained
here.

- 'The material in 2.3 and 2 4 is taken from JEDEC Publication No. 74
(revised).

2.2 TYPE ASSIGNMENT

2.2.1 Introduction

This section describes the established administrative procedures that are

"followed in the orderly assignment of type designations to and registration of

solid state devices. Technical standards concerning registration are not
included. .

The term "type designation" used here refers to the number assigned to a
solid state device in accordance with the EIA-NEMA Standards for Designation
System for Solid State Devices (EIA Standard RS-370, NEMA Publication No. 512).
The term "type designation" may be applied to the original number assigned
(without suffix) or to a number with a suffix letter. All procedures des—-
cribed here apply equally well to both the basic type designation and to the
suffix letter designation unless otherwise stated (see 2.2.4 and 2.2.5).

) 2.2.2 Purpose and Intent

The purpose of the type designation and registration system is to facili-
tate the purchase and distribution of solid state devices by non-technical
individuals. The registration procedures are designed to ensure that devices
reglstered with the Council differ from each other in performance characteris-
tics or physical dimensions.

!
The following is a partial list of the many ways in which the JEDEC reg-
istration system is useful to many segments of the electronics industry:

(1) A single number replaces the multiple house numbers that would be
used where there are two or more manufacturers of a particular device.
This advantage is of particular value to the larger consumer such as the
government, because it means in most cases the procurement and supply of
a single item, instead of multiple items.
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(2) The existence of a nationally recognized designation encourages
other manufacturers to make similar devices, thereby increasing and pro-

moting competition.

(3) Types registered under the JEDEC system differ from each other in a
significant manner in terms of performance characteristics or physical
dimensions.

(4) Types registered under the JEDEC system can be more easily compared
because defining characteristics of the specification must be based upon
standard test conditions and registered according to standard formats
(see 2.2.7).

(5) The publication of registration information through trade channels
makes it easier for consumers to obtain second sources of supply.

(6) The specifications of registered. devices carrying the authorized
designations cannot be changed at will by the first or any subsequent
manufacturer, thus promoting standardization and interchangeability.

(7) In many cases it provides a means for non~technical- personnel of
user procurement, and stock and maintenance operations to obtain the
equivalent replacement parts. ’

(8) It provides a permanent record for future procurement in those cases
where. the original manufacturers no longer exist or make the type.

(9)- It provides an identification system of parts which is of large bene-
fit to the distributors and users of electronic parts. The JEDEC system
permits reduction in the required number of parts in inventory.

Registration consists of the assignment of type designations to solid
state devices in accordance with established rules, recording of the assignment
"and defining data, and the full dissemination of the information to the elec-
tronics industry.

Registration procedures and rules are established by JEDEC, which is spon~
- sored jointly by EIA and NEMA. In any event, JEDEC neither assumes liability
for, nor endorses the use of any products which bear its authorized registra-
tion number. The Council has as its primary objective the development of
recommended standards in the field of solid state devices. An effective reg-
istration procedure is considered basic to the achievement of that objective.

It is the intent of these registration procedures to permit the assignment
of discrete semiconductor device type designations not only to single solid
state devices but also to combinations of solid state devices such as more than
one transistor element, or diode elements and transistor elements within the
same primary envelope. In each case, EIA Standard RS-370, "Designation System
for Discrete Semiconductor Devices," governs.
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2.2.3 Brief Outline of Registration Procedures

For detailed procedures see 2.2.4 and 2.2.5.

2.2.3.1 Request

' The manufacturer furnishes to the Type Administrator defining data for a
device in accordance with the applicable registration format and requests as-
signment of a type designation.

2.2,3.2 Assigrment

The Type Administrator assigns a type designation and notifies the manu-
facturer of the assignmeént.

- 2.2.3.3 Release (Public Announcement)

Within one hundred and twenﬁy (120) days after date of assignment, the Type
Administrator announces the registration of the type by distributing the data to
the manufacturers of solid state devices and to users.

2.2.3.4 Correction Notice and Registration

Once data on a type has been released, it is possible to change the defin-
ing data for that type only by either of two methods: a correction notice or a
reregistration. In those cases where an error has been discovered in the data
submitted, a correction notice may be filed only by the original spomsor or the
Type Administrator within sixty (60) days after registration. Any device manu-
facturer may, at any time, propose a reregistration to change the registered
values for a device. In order for the change to be adopted, however, there
must be no opposition to the proposal from any other manufacturer of the device.

2.2.4 Detailed Procedures and Rules Governing Registration of Type
Designations without Letter Suffix

2.2.4.1 Application

Any manufacturer of solid state devices, whether or not a member of EIA or

NEMA, may request a type registration from the Type Administrator for a device

the manufacturer is developing or manufacturing. Foreign manufacturers may
also request type regilstrations. All applicants for type registrations will be
charged a fee for the service. :

The requirement that final registration data be made available to the Type
Administrator in order to obtain a type registration makes it necessary for the
manufacturer to defer his application until he is almost ready to market the
device.

A request for registration must be made in writing by the manufacturer of
the device. It must be accompanied by sufficient defining data to show that
the device .differs from any existing device for which a number has been assigned
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by the Type Administrator. The data must be submitted in accordance with the
applicable formats developed by the JEDEC Solid State Products Council. See
2.2.7, 2.2.8, and 2.2.9 for rules pertinent to development and use of formats.
If these formats are not available, the information must meet the minimum re-
quirements set by the Type Administrator. In any case, the Type Administrator
shall be the sole authority for determining the adequacy of data submitted.
Any appeal of the Type Administrator's determination shall be made in writing
within thirty (30) days, in accordance with the procedures set out in 2.2.6.

Only one outline drawing will be allowed for a single type designation
number (JEDEC 2N)

The data submitted shall be a typed original (or equivalent quality) on
unfolded 8-1/2" by 11" plain white bond paper (no letterhead) specific instruc-
tions for data submission appear with each registration format. The data shall
e mailed with suitable protection against creasing or bending. 1If the material
is not received in condition suitable for reproduction, the Type Administrator
reserves the right to return it to the sponsor notwithstanding delay and fur-
ther costs to the sponmsor.

Should the Type Administrator receive more than one application for a
particular device, he shall assign the designation for the type to the manu-
facturer having the earliest time of receipt at the office of the Type Admin-
istrator. A manufacturer wishing to establish early receipt may make use of
a telegram that furnishes adequate information for assignment. The telegram
must be followed within fourteen (14) days by a letter supplying the informa-
tion in the standard form, otherwise the application will be cancelled and the
applicant so notified.

Any manufacturer filing subsequent to the first application will be fur-
nished full information on the assignment, and the first manufacturer shall be
informed of the disclosure.

2.2.4.2 Assigmment

Upon receipt of the application for a type registration, the Type Adminis-
trator will make a search of existing type registrations to determine whether
the applicant's device has sufficiently distinct characteristics to warrant the
assignment of a new type designation. In determining discreteness or distinct-
ness, the Type Administrator shall take into account major differences such as,
but not limited to, different maximum ratings, new tests, different limits from
those that have been applied to existing devices, physical changes, and any
other characteristics that differ widely from already registered devices.

If additional data are deemed necessary by the Type Administrator to jus-—
tify an assignment of a type number, he shall so inform the applicant. If the
additional information is not given to the Type Administrator within fourteen
(14) days, the applicant shall be notified that the application has been re-
jected and given reasons therefor.

In case the submitted data closely corresponds with that of a device al-
ready assigned a designation by the Type Administrator, the Type Administrator
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shall reject the application in writing, giving the reasons therefor and sup-
plying the type designation that is considered applicable. Any appeal of the
Type Administrator's determination shall be made in writing within thirty (30)
days in accordance with the procedures set out in 2.2.6.

In those cases where the Type Administrator's review indicates that an
assigmment is in order, the assignment will be recorded and a writtem notice
for the assignment and authorization for use sent to the applicant.

Corrections or changes in the data may be submitted by the original appli-
cant in the period prior to release. Changes are permissible only to the ex-
tent that the device characterization is not changed sufficiently to warrant
a change in its type designation status. All changes or corrections must be
authorized by the Type Administrator prior to their publication in association
with a JEDEC type number and must have prior coordination with the other appli-
cants to whom the designations may have been disclosed under the provisions of
2.2-401. . !

Should a manufacturer reverse a type designation and later decide that he
will not market the device for which an authorized designation has been assign-
ed and has not sold or publicly disclosed the device using that authorized des-
ignation, he may request cancellation of the assigmment. The Type Administra-
‘tor shall acknowledge the cancellation request and make record of the fact,
but shall not make further use of the designation.

In making type designation assignments, the Type Administrator shall fol-
low current JEDEC Standards, and the technical formats and guidance rules sup-
plied by the JEDEC Solid State Products Council and its Committees. When all
of this information is insufficient to cover a specific case, the Type Adminis-
trator may delay the application pending a decision from the appropriate JEDEC

" Committee. The Type Adminigtrator shall notify the applicant of the delay and

reason therefor.
2.2.4.3 Release (Public Announcement)

The Type Administrator shall release the registration data to the public
as soon as he is authorized to do so by the manufacturer, who in turn does so
when he is ready to market the device. If earlier authorization is not re-
ceived, the Type Administrator shall automatically release the data one hundred
and twenty (120) days after date of assignment. A delay may be requested for
legitimate cause. .

In those cases where a manufacturer publicly discloses data on an autho-
rized type designation before he has requested the Type Administrator to re-
lease the data, the Type Administrator shall automatically release the data
without waiting for the one hundred and twenty (120) day period to end. The
Type Administrator will take such action only in those cases when he has been
given conclusive evidence that disclosure has been made by the manufacturer.
For purposes of this section, the term "disclosure" is meant to include the
disclosure of an unreleased but authorized type designation and its data or
use through advertising, general distribution of data sheets, listing of price
lists, sampling, or other marketing steps. Disclosure as part of a government
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contract for the development of a device is not considered to be disclosure
within the meaning of this section.

In the case where an invitation-for-bid has been issued in connection
with a govermment contract for a solid state type that has not been released,
the Type Administrator shall use a procedure for effecting registration other
than the one described in the preceding paragraph. The recipient of the
invitation~for-bid shall supply details concerning the invitation and its
source. The Type Administrator will then contact the sponsor of the unre-
leased type designation, informing him of circumstances which require the
immediate release of data on the type. )

The registration data is distributed by the Type Administrator to all
known manufacturers of solid state devices, as well as to subscription lists
of nonmanufacturers of devices. The information sheets making the announce-
ment, which are known as releases, are summarized and listed in appropriate
EIA and NEMA publications so that users and designers in all segments of the
electronics industry are notified of the existence of the new device.

2.2.4.4 Correction Notice and Reregistration

"After a type designation has been completely registered, one of the ways
in which it is possible to change the defining data is by means of a correc-
tion notice. This can be filed only by the original sponsor or the Type Admin-
istrator and must be in the hands of the Type Administrator within sixty (60) ]
days after the release date. Correction to registered data after sixty (60) ‘.
days from date of release must be made through the reregistration procedure.

The correction notice process may be used when it is found that the reg-
istered data contains obvious incompatibilities, typographical errors, or am~
biguities. The correction notice will be circulated to the same mailing list
of those persons receiving the registration information, and it will clearly
refer to the particular release involved.

A correction notice does not become effective until sixty (60) days after
its release. During this period any manufacturer may object to the notice if
he can show that the change is not truly an obvious error, incompatibility, or
ambiguity. A single valid objection, if it cannot be reconciled by the Type
Administrator with the proponment, will cause the correction notice to be
cancelled.

The second way in which the defining data for a registered type may be
changed is by means of reregistration. Reregistration may be proposed only
by a manufacturer or the appropriate JEDEC Committee. In submitting data, the
manufacturer should use the most current approved format. If absolutely neces-
sary, he may use the format which was in effect at the time of registration of
the device being reregistered.

A reregistration proposal should be limited to those changes or additions
which do not affect unilateral interchangeability with the original versionm.
Any proposed reregistration which, in the opinion of the Type Administrator,
will affect unilateral interchangeability shall be rejected by the Type j‘ ‘
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Administrator. Examples of changes which affect unilateral interchangeability
are relaxed package dimensions, relaxed electrical ratings or characteristics,
etc. For dimensions and characteristics, increase of a maximum limit or re-
duction of a minimum limit constitutes a relaxation. For ratings (which imply
device capability), reduction of an upper limit or increase of a lower limit
constitures a relaxation. Manufacturers who believe unilateral interchange-
ability will not be affected have the prerogative of appealing the Type Admin-
istrator's decision as provided in 2.2.6.

Approved reregistration requests will be processed as follows. The Type
Administrator shall distribute the reregistration proposal to the device manu-
facturers on the mailing list to receive copies of all semiconductor registra-
tions. The reregistration release will instruct manufacturers having valid
objections to the proposal to submit their comments in writing (oral comments
are not acceptable) to the Type Administrator, so that he may receive thenm
with sixty (60) days from the date of release.

If no written adverse comments to a reregistration proposal are received
with the sixty (60) day period, the reregistration proposal becomes effective,
superseding the original registration, and the industry shall be so notified
by the Type Administrator. .

In the event that adverse comments on the proposed registration are re-
ceived and'

(1) if there is a possibility that the objections may be resolved, the
Type Administrator shall issue a "Hold in Abeyance" notice at the end of
the sixty day period.

(2) 41if attempts at reconciliation fail, the reregistration shall be can-
celled and a cancellation notice sent to all recipients of the previous
information.

(3) if the reconciliation results in a compromise, the previous proposal
shall be cancelled and the new proposal submitted again for a sixty day
approval by the industry.

(4) 1if the reconciliation results in the objectors' rescinding their
negative comments, the Type Administrator shall issue a notice that the
reregistration proposal has been accepted.

In those cases where the Type Administrator has rejected comments because
he considers them to be not valid, he shall notify the objector of his action
and ianform the objector tHat he has thirty (30) days in which to file an ap-
peal with the Council Secretary who, in turn, will notify the Type Administra-
tor that an appeal has been filed. 1If no appeal is made within the specified
period, the Type Administrator will proceed in accordance with the previous
paragraphs.
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2.2.5 Detailed Procedures and Rules Governing Registration of Type
Designations with Suffix Letters

All of the preceding rules are applicable to the assignment of a type
designation which contains a suffix letter, except as amended in the following
paragraphs.

The applicability of suffixz assigrments, as opposed to a new destignation,
is outlined in EIA Standard RS-370. In general, a suffiz designation can be
applied to an improved version of an existing type if the improved version is
wnilaterally interchangeable with the prototype and all prior suffix versions.
Exceptions exist for letters R and M; see EIA Standard RS-270.

The request and the accompanying informatiom will not be treated as con-
fidential information and will be circulated for approval to the recipients
of solid state device registration releases in. the same manner as a reregis-
tration proposal (see 2.2.4.4).

In submitting the data, the manufacturer should use the current format.
If absolutely necessary, he may use the format which was used for registration
of the lastrsuffix letter version (or the designation without suffix letter if
no letter has been previously assigned).

"If adverse comments on the assignment of the suffix letter are received
by the Type Administrator within the sixty (60) day period, he shall refer the .
entire matter to the cognizant JEDEC Committee for guidance. When the JEDEC ,.
Committee votes on recommendations to be submitted to the Type Administrator,
members whose companies are directly involved in the dispute shall be excluded
from voting. The Type Administrator, preferably, or his designated alternate
shall be present at the meeting when the JEDEC Committee discusses the matter
he has referred to them. The Type Administrator shall make the decision on the
registration of the suffix letter designation after considering the Committee's
recommendations.

The Type Administrator shall inform:the cognizant JEDEC Committee and the
parties involved of his decision. If no adverse comments are received within
thirty (30) days, then the notice of the assigmment becomes effective. If
adverse comments are received, then a status notice can be issued until all.
avenues -of appeal are exhausted .or the case dropped.

2.2.6 Appeal of the Type Administrator's Decisions

Decisions of the Type Administrator are subject to appeal to-the JEDEC
Solid State Products Coun¢il and to an Ad Hoc Arbitration Pamel as provided
herein. Decisions which may be appealed include those related to suffix let-
ter registrations, correction notices, and reregistration proposals. Deci-
ions on new type designations (that is, no suffix letter designations) may
not be appealed although protests may be filed for the purpose of instituting
corrective action on future assignments.
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The right of appeal shall extend to any member of the industry having a
product interest in, and adversely affected by, a decision of the Type Admin-
istrator. A notice of intent to appeal shall be sent by registered mail or
telegram to the Type Administrator with a copy sent to the Council Secretary.
Such notice shall be sent in time to reach the Type Administrator prior to the
expiration of a period of thirty (30) days after the date of issuance of the
notice of the Type Administrator's action.

Upon receipt of the notice of appeal, the Type Administrator shall imme-
diately inform the manufacturer sponsoring the acting being appealed and the
Chairman of the Council. The Type Administrator shall also publish a notice
to industry informing them of receipt of the appeal and holding in abeyance
the proposed action.

Upon receipt of the Type Administrator's notice, the Council Chairman
shall immediately appoint an Appeal Panel of all, but not less than three,
disinterested Council members, ome to act as Chairman, to convene within twenty
(20) days for the purpose of considering the appeal. Council members whose
employers are elther the sponsor or the appellant of the particular action be-
ing appealed may not serve on the Appeal Panel. If a full Appeal Panel cannot
be convened from the Council members, the Chairman may appoint JC Committee
chairmen or members to serve on the Appeal Panel.

Notices of the date, place, and time of the meeting of the Appeal Panel
shall be given to all parties having an interest. Council Secretary shall
serve as official recorder. The Appeal Panel shall comsider all relevant facts
and argiments before rendering a decision. Other pertinent data may be pre-
sented and the Appeal Panel shall decide whether the data is pertinent. Any
question involving interpretation of procedure or the relevancy of fact or argu-
ment shall be referred to JEDEC legal counsel for appropriate ruling.

In the event the appellant is not satisfied with the decision of the
Appeal Panel, he shall have the right to have the decision submitted to an Ad
Hoc Arbitration Panel consisting of three qualified and disinterested parties.
He shall have this right of appeal provided he and the other interested parties
in the dispute agree in writing prior to appeal to accept the recommendations
of the Ad Hoc Arbitration Panel and to waive any other right to redress. No-
tice of intent to exercise this right to review shall be made within three (3)
working days of the Appeal Panel's decision to the Council Secretary. One mem-
ber of the Ad Hoc Arbitration Panel shall be selected by the applicant, one
member by the Council Chairman, and a third by mutual agreement of both. The
Ad Hoc Arbitration Panel shall select one member to act as Chairman and shall
hold a meeting to review the decision of the Appeal Panel at the earliest prac-
ticable time, but no later than fifteen (15) days after selection of the Panel.

After full consideration of the decision of the Appeal Panel, the Ad Hoc

Arbitration Panel shall have the authority to confirm, reject, or modify such
decision. The decision of the Ad Hoc Arbitration Panel shall be final.
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2.2.7 Description of Registration Format

A format is intended to provide a uniform method of presentation of defi-
nition and performance of a JEDEC registered device. The Type Administrator
uses the completed format to assure the uniqueness of the device for type as-
signment purposes. The registrant manufacturer uses the format to completely
define a device to the degree which the formulating Committee and Council be-
lieve necessary to assure device interchangeability. Other potential manufac-
turers use the completed format and registration data to facilitate and assure
device interchangeability. Solid state device users employ the completed reg-
istration data to select, compare, and define devices to achieve intended cir-
cuit performance. The format provides for a common language of understanding
between supplier and user.

Each format provides for specific values of mechanical and electrical
parameters in two categories. One is for mandatory parameters and the Type
Administrator will not accept a proposed registration unless every such param-
eter is provided. The other is for additiomnal parameters which the formulating
Committee believes desirable for the further definition of a device intended
for a normal application. Additional data not listed in a format is permis-
sible if the registrant manufacturer believes it is necessary to further.define
the device and to assure interchangeability. ’

The Type Administrator must receive a properly completed registration for-
mat (see 2.2.2) in order to issue a JEDEC type number assignment. In the event
an appropriate format has not been prepared by the JEDEC Committees, the Type
Administrator, with advice from Council or Committee Chairmen, will determine
what shall constitute an interim substitute format. A completed format charac-
terizes a device by listing or referencing all mechanical outline dimensions
and terminal identification, all essential electrical performance data and max-
imum ratings, all necessary test methods, and all appropriate parameter symbols
which are believed necessary to assure device interchangeability. Each JEDEC
product Committee originates formats for each device category over which it has
been assigned responsibility. Each format is approved for circulation and use
by the JEDEC Council. JEDEC Committees have the responsibility for maintaining
and upgrading the technical content of formats such that they reflect the ad-
vancement of the technology of both design and manufacture. Mechanical and
electrical parameters are to be listed as minimum, maximum, or rated values
required to assure device interchangeability.

2.2.8 Use of a Format and JEDEC Registered Data

The solid state device manufacturer should use the JEDEC data for a reg-
istered device as the basis for his commercial data. Since the JEDEC registra-
" tion data is industry property, each manufacturer who desires to produce and
market that device must comply in every respect with the registered data.
Commercial data describing that device must identify by asterisks all param-
eters which appear on the JEDEC registration. If a manufacturer believes it
desirable, he may list additional defining data, such as performance curves
or quality items, provided such additions do not affect interchangeability.
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JEDEC type numbers should be used in the form in which they are assigned.
In data presentation and in device marking, the JEDEC number should be kept
separate and distinct and not make part of other identifying numbers, if such
other numbers are present. Alterations in a JEDEC number should not be made
for any purpose such as to indicate special selection, to modify characteris-
tics, or to indicate interchangeability.

Specific examples of past practices which are considered to be in con-
flict with this policy are illustrated but not limited to the following:

Slash Branding: JEDEC No./JEDEC No.

JEDEC No./House No. *
Unauthorized Suffix: 2N6000Z

2N6000-2

286000~-T0-9

2N6000/T0-9

JEDEC Council reserves all rights to the use of its symbols. The Armed
Services make use of JEDEC designations and are permitted to modify these
designations by means of prefixes to indicate conformance with military
specifications.

2.2.9 Test and Rating Methods Applied to JEDEC Data

Defining data on a format must be. supported by sufficient reference or in-
cluded information- to assure an understanding of the test methods used in the
measurement and interpretation of data and ratings. It is the responsibility
of the formulating JEDEC Committee and Council to define as many of the follow-
ing test methods, conditions, and other information, as appropriate for the
device or format under consideration:

(1)  Standard circuits for.the measurement of electrical characteristics

(2) Standard circuits for life testing of semiconductor devices

(3) Standard mechanical tests (shock, vibration, etc.)

(4) Standard fixtures and gauges

(5) Standard failure defining criteria

(6) Standard time duration of test when applicable (hours, cycles,
pulses, etec.) . :

(7) Standard definition of allowable number 6f defective units when
absolutely necessary in the establishment of a rating.

There should be no question as to the intention behind, or interpretation of,
any parameter or test listed on a format.
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2.3 STANDARD VALUES FOR USE IN REGISTRATION

2.3.1 Introduction

This section contains lists of standard values which are recommended
for use in power transistor device specifications and JEDEC Registration
to JC=-25 Formats. Good reasons should exist in those cases where values
are used which are not included in these lists.

2.3.2 Standard Values for Ratings

(1) Voltage

(a) for < 300 V: Rounded 13 series,+
(b) for > 300 V: increments of fifty volts.

(2) Current: Rounded 13 series.”

(3) Temperature: -273%, -250%, -200%, 7175, -150", -125", -100",,
-65 o =55 % =40 3 -25 -~10, 0 ’ +25 R +40* +55 ’
+70%* ’ +85% 3 +100 3 +110 +125 n +150 +175", +200°,
+230, +250", +3007, +350 +400* C. The tem—
peratures 1ndicated by an asterisk are preferred
for use in new documents.

(4) Power: Rounded 13 series.”

2.3.3 Standaid Values for Characteristics

(1) Gain (lower limit).

(a) for < 10: steps of 0.5
(b) for 2 10: Rounded 13 geries’

(2) Gain (gpper limit): RSunded 13 series’

(3) Frequency: Rounded 13.series.”

(4) Capacitance: Rounded 13 series.’

(5) Time, switching: Rounded 13 series.”
(6) Current, cutoff: Rounded 13 series.”

(7) Voltage, saturation: Rounded 13 series.”

+1.0, 1.2, 1.5, 1.7, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, x10™%;

where n is an integral number.
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2.4 MINIMUM DIFFERENCE STANDARD VALUES FOR DISCRETENESS OF REGISTRATION

2.,4.1 Introduction

This section provides lists of minimum differences in ratings and
characteristics that are recommended for use in determining if a tran-
sistor proposed for registration is descrete from those already registered.

Discreteness of any one rating or characteristic listed below omn
the basis of the minimum difference indicated is sufficient for tramsistor
discreteness, provided that rating or characteristic is required by the
registration format. Changes in ratings and characteristics not re-
quired in the registration format are not criteria for discreteness,

Most -of the minimum differences indicated are given in terms of
standard steps., A standard step refers to the steps in the series of
standard values .listed in section 2.3,

2.4.2 ‘Minimum Differences for Ratings

(1) Voltage, collector-to-emitter (Vceos VcErs VCESs Vegx): one
standard step.

(2) Current, continuous collector (IC): two standard steps.

(3) Power, continuous (Pp),. and peak (Pqy):

(a) for < 150 W: two standard steps,
(b) for > 150 W: one standard step.

(4) Temperature, operating junction (TJ), and storage (TSt ): two
standard steps. &

-~

2.4.3 Minimum Differences for Characteristics

(1) Current gain: dc (hPE) and small-signal (‘hfe)

(a) for increase or decrease of both upper and lower limits:
one standard step,

(b) for change in either upper or lower limit: two standard
steps.

(2) Transition frequency (£,); magnitude of small-signal current

gain (|h. [), and outpul capacitance (C bo)! tWo standard -
steps each. obo

(3) Vglcage, saturation (VCE(sat)): three standard steps.

(4) Current, cutoff (I 1 I

CBO? ICEV’ IEBl): two orders of
magnitude,

CEO* “EBO?

(5) Time, storage (ts): two standard steps.
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PART 3

VERIFICATION TESTS

3.1 MAXIMUM RATINGS

3.1.1 Introduction

This section describes tests which are intended to verify the maximum
ratings given in transistor registration formats; they are not tests for
developing the maximum ratings nor are they for establishing performance
or quality levels.

An npn transistor is shown as the transistor under test in the test
circuits. These test methods will also apply to pnp devices by appropriate
polarity changes in the test circuit elements. All circuit values specified
in this section are nominal and should be maintained within equipment
capabilities and good engineering practice. Also, suitable precautions
should be taken against transient voltage spikes and oscillatioms.

Unless specified otherwise, the transistor case temperature should be
maintained at approximately 25°C by use of an appropriate heat sink, when
necessary. '

3.1.2 Verification Criteria

To verify a given maximum rating for a transistor, the transistor
shall be tested as described in the applicable subsection. This transistor
shall still be capable of meeting all the electrical characteristics of
the registration at the conclusion of the test procedure, after the tran-
sistor has been allowed to reach thermal equilibrium at 25°C.

3.1.3 Storage Temperature, Minimum - Tstg min.

3.1.3.1 Test Conditions

(1) sStorage temperature at rated Tstg min.

(2) Test duration of six (6) hours at the rated Tstg min.

3.1.3.2 Procedure
The device under test is placed in a temperature-controlled enclosure

either before or after the temperature in the enclosure has reached Tstg min.

3.1.4 Storage Temperature, Maximum - Tstg max.

3.1.4.1 Test Conditions

(1) Storage temperature ‘at rated T ax.

m
stg
(2) Test duration of six (6) hours at the rated Tstg max.
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3.1.4.2 Procedure

The device under test is placed in a temperature-controlled enclosure
either before or after the temperature in the enclosure has reached TStg max.

3.1.5 Junction Temperature, Maximum Operating - ?J (max.)

3.1.5.1 Test Circuit and Conditions

Re :: [ Rc
@ A
(A) ‘7ffVcc

™

VEE;E

) Ve o ZVCE’ g "~ VEB

2) VCE and the total power dissipation, Prs
must be §pe91f1ed. [Note that Py = Vop.Io+Vip. C.]

(3) The duration of the test shall be five (5) minutes, measured
after thermal equ111br1um is reached

3.1.5.2 Procedure

Adjust the bias conditions to achieve the specified V(g and Pr. In
doing so, do not exceed the rated maximum values for Ip and Vggg of the
device. The case temperature, Tc, and Pr must be such that the junction
. temperature is equal to the maximum rated operating junction temperature
calculated by:

Pr
T3 = Tc +Perating Factor (W/°C)

3.1.6 Collector-to-Base Voltage, Maximum - vCBO

3.1.6.1 .Tbst'circuit and Condition

¢@

The duration of the test shall be one (1) minute.
3.1,6.2 Procedure

Adjust the bias supply to attain the specified VCBO'
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3.1.7 Emitter-to-Base Voltage, Maximum - VEBO

3.1.7.1 Test Circuit and Condition

The duration of the test shall be one (1) minute.

3.1.7.2 Procedure

Adjust the bias supply to obtain the specified VEBO'

3.1.8 Collector-to-Emitter Voltage, Maximum - CEO’ VCEV

3.1.8.1 Test Circuit and Conditions

& F

VBBJ'.H
s

(a) To.verif& the VC
the VCEV
() VBB’ must be specified, if used.

(c) The duration of the test shall be one (1) minute.

EO rating, switch S is open; to verify

rating, switch S is closed.

3.1.8.2 Procedure
Adjust the bias supply to attain the specified rating voltage.

3.19 Collector-to~Emitter Sustaining Voltages, Maximum - thXFSUS)’

vCER(sus')’ vCEO(sus)
3.1.91 Test Circuits and Conditions

Either the inductive or the pulsed collector method may be used.
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(1) Inductive Method

cRQ (V)
iD ¥ iVee
H 1CLAMP
R L1
BB1 T
PR © g
Rgs2 ér" l
< v .
s\ Ve Vee
1 A RA a Vp.
l'
Veei -
CRO (T)

(a) The values of all circuit elements used must be spec1t1ed.

To verify the VCER(sus) - rating, VBB2 is zero; to verify the VCEO(sus)
rating, the reverse base drive circuit elements (Rgpz and Vgp2) are
removed; and to verlfy the VCEX(sus) rating, Rpp2 may be zero. The
use of the Vgg-clamp is optional; however, if it is used, the
characteristics or the registered ty'pe number of D, must be spec1f1ed

() Rg S V../(20 I.)

(¢) The collector current at the maximum rated value of VCE must
be specified.

(d) The on-off cycling rate (pulse repetition rate) of switch
S must be specified

(e) The test duratlon shall be long enough to make the readings

ofV and IC

(2) Pulsed Collector Method

@ CRO (V)

) .

Rgs PULSED
e
VeeA 4 e
N\

I+

Rs lcao b
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(a) The values of all circuit elements must be specified. To
verify the V CER (sUS) rating, VBB is zero; to verify the V CEOCsus)

rating, the reverse base drive circuit elements (RBB and VBB)
are removed; and to verify the vCEX(sus) rating, RBB may be zero.

(b) The collector current at the maximum rated value of VCE
must be specified. ’

(c) . The pulse width and duty cycle of the collector current
source must be specified.

(d). The test duration shall be long enough to make the readings

of VCE and IC

3.1.8 2 Procedures
(1) Inductive Method

(a) -Adjust the bias supplies to the specified test values.

(b) Increase the pulse width by increasing the time that switch
S is closed, until the intersection of'the specified collector
current and VCE ;ating is reached (see following illustration).

I | {---Ic (s specified)
OSCILLOSCOPE
DISPLAY

Y

i

Veex (sus) (rating)

(2) Pulsed Collector Method

Adjust I. to the specified value.
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3.1.10 Collector Current, Maximum Continuous - IC

3.1.10.1 Test Circuit and Conditions

A
+ ’ +
DC A
CURRENT ] GURRENT
SOURCE SOURCE _ |
. 7 - - -

(1) The.base current, I, must be specified.

(2) Duration of the test at the rated value for I, shall be five (5)
minutes. ] -

3.1.10.2 Procedure ‘ )‘

(1) Increase the base drive to obtain the specified Ip.

(2) 1Increase the collector drive until the rated IC is reached.

3.1.11 Collector Current, Maximum Pulsed - ICM

3.1.11.1 Test Circutt and Conditions

CRO @)
EN ] FQS
CURRENT ANN
_ PROBE ” ) -
+| 7 ’
PULSED |, > Rgg ;
CURRENT A Ve
/7 - Ves

(1) The amplitude, pulse width, and duty cycle of the pulsed current

source shall be specified.
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2) VBB and RBB may be required to insure proper device turn-off.

(3) Ry = VCC/ I

S cM

f

(4) The duration of the test shall be that time adequate to make the
reading. .

3.1.11.2 Procedure
(1) Adjust the pulse generator to obtain the specified drive pulse.
(2) Adjust VCC to obtain the rai_:‘ed ICM‘

3.1.12 Base Cui'rent, Maximum Continuous - IB

3.1.12.1 Test Circuit and Condition

+

Dc
CURRENT

SOURCE
/ -

Duration of the test at the rated value for IB shall be five (5)

minutes.

3.1.12.2 Procedure,
Adjust the current source to obtain the rated IB'
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3.1.13 Base Current, Maximum Pulsed - IBM

3.1.13.1 Test Circuit and Conditions

-4 CRO (1
PULSED

CURRENT

SOURCE Rs

S -

—

(1) 'The amplitude, pulse width, and duty cycle shall be specified.

(2) The duration of the test shall be that time adequate to make
the reading.

3.1.13.2 Procedure

Adjust the pulsed current source to obtain the rated IBM' ‘ o “‘)

3.1.14 Emitter Current, Maximum Continuous - IE'

. 3.1.14.1 Tegt Cércuit and Conditions

+ +| 7
nC C
CURRENT CURRENT
| Source SOURCE
V4 -Ii . /-

(1) The base current must be specified.

(2) The duration of the test shall be fivg (5) minutes.
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3.1.14.2 Procedure
(1) Increase the base drive to obtain the specified I

(2) Increase the collector drive to obtain the rated IE'

3.1.15 Emitter Current, Maximum Pulsed - IEM

3.1.15.1 Test Circuit and Conditions

CURRENT

PROBE ” .
+| A
PULSED CRO (1]
&
\"/
/- cc

(1) The amplitude, pulse width, 'and duty cycle of the base drive
pulse shall be specified.

(2) Vgp and RBB may be required to insure proper device turn-off.
3 RS = VCC/ICM

(4) The duration of test shall be that time adequate to make the
reading.

3.1.15.2 Procedure
(1) Adjust the pulke generator to obtain the specified drive pulse.

(2) Adjust VCC to obtain the rated IEM°
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3.1.16 Power Dissipation, Maximum Continuous - PT

3.1.16.1 Test Circuit and Conditions

VEE 7

(1) VCE must be specified.

(2) The case temperature, T., must be 55°C for all devices rated
for operating junction tempefatures of 125°C or less, and 100°C
for all devices rated for operating junction temperatures above 125°C.

(3) The duration of the test shall be five (5) minutes, measured
after thermal equilibrium at the required case temperature is reached.

5.1; 16.2 vacedﬁre-

Adjust the bias conditions to achieve the specified V.. and P.. Do
not exceed the maximum I, or VC 0 The temperature and power dissipation
must be such that the junction Eemperature, TJ, is equal to the maximum
operating junction temperature calculated by:

P

- L T
TJ TC * Derating Factor (W/°C)

3.1.17 Power Dissipation, Maximum Peak - PTM

3.1.17.1 Test Circuit and Conditions

' CRO (V) CRO (V) CURRENT
Re ? H PROBE
—\A\/\v DS P
+| 7 4QE

PULSED Re

CURRENT

SOURCE

L= Vee
i
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1) vi must be specified.

(2) The pulse width and duty cycle of the pulse generator shall
be specified.

(3) The duration of test shall be that time adequate to make
the reading.

3.1.17.2 Procedure

Increase the amplitude of the pulse generator to obtain the rated PTM
at the specified Veg:
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PART 3.2

3.2 SAFE OPERATING CONDITIONS FOR POWER TRANSISTORS

3.2.1 Introduction

The maximum safe operating condition specifications are developed and
guaranteed by the manufacturer. To assist the user in verifying these con-
ditions (not developing them), a verification test circuit, test conditionms,
and test procedures are provided in the section for four operating modes.

The verification eriterion for these specifications is that, after suc-
cessfully completing the test procedures and after cooling to room tempera-
ture, the transistor must be capable of meeting the registered characteristics
and ratings. 'Howevpr, ;ignificant differences between the values obtained
for the electrical charécféristics before and after the test should be cause
for concern.

The maximum safe operating conditions of a transistor depend in a Eomplex
way on IC’ VbE, IB’ Tb, and tp; and on the mode of operation. The majority
of transistor applications can be reduced to one or more of the following four
modes:
(1) <Continuous forward-biased operation and pulsed forward-biased
operation .
(2) Switching between conduction and cutoff with an uncldmped inductive
load
(3 Switching between conduction and cutoff with a resistive load
(4) Switching between conduction and cutoff with a clamped inductive
load. -

The method of specifying these conditions is to define areas within which
the transistor may be operated safely. For modes (1), (2), and (3), these
conditions are defined in terms of areas on a plane whose coordinates
afe VCE and ;C' These areas may therefore be considered to be superim-
posed on the transistor's common emitter output characteristics. For
purposes of clarity; a transistor output characteristic is shown in Fig. 1
with the various regioms and pérts of the characteristic labeled. For
operating mode (4), the maximum safe operating conditions are defined in
terms of an area on a plane whose coordinates are the peak collector current
switched and the load inductance.
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Igz C )
<+ Vepo

L)
+ Vmceo O Visicso

-VCE “Vezo(sus)

Figure 1 - Schematic drawing of the common-emitter output characteristic
family of a transistor for constant forward-base-current drive. Character-

istic curves are shown for multiples of constant forward base current, I, = C,

for the base open circuited (Vcso). for the base connected to the emitteg
terminal via a resistor (vCER)' and the base terminal short circuited to the
emitter terminal WCES)‘ The collector-base reverse-bias characteristic
VCBO' is also shown». The ch, VCER’ VCES' and the VC.BO versus IC character-
istic curves appear to be superimposed along the voltage axis because of

the current range used. The currents to which the negative resistance regions
of these curves extend are exaggerated. The level of ch(,“s) shown, is
determined by the region of the VCEO characteristic at relatively high col-
lector current where'vcm is essentially independent of Ic. The levels of
VCBR)CBO and V(BR)CBO shown, are determined by the current levels at which

these breakdown voltages are to be measured.

3.2.2 safe Operating Areas for Continuous and Pulsed Forward Biased

erations
3.2.2. I%Wtion

Safe operating conditions for forward biased operation may be given
as areas such as shown in Fig. 2 where logarithmic coordinate scales are
used for the VCE and IC axes. Representative safe operating areas are

shown for continuous operation and pulsed operations for three pulse widths:
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tpl’ tpz, and tp3; in order of decreasing duration.

For convenience of discussion, the area for continuous operation is
divided into three regions. Comments regarding the high power boundaries
of these three regions apply also to the equivalent boundaries for the pulsed
safe operating areas. Region I is the current-limited region, defined by
a maximum collector current line to a specific collector-to-emitter voltage,

v
CEl"
rating for the device, See 3.1.9 and 3.1.10 for verification tests of maxi-

This maximum current corresponds to the maximum collector current

mum continuous and pulsed current ratings. Region II is the power-limited
region. It is bounded by a constant power line (with slope of -1) and is
connected at one end to the maximum current line, and at the other end
to the lower voltage end of the third region. Region III is a second break-
down or ''voltage-limited" region and is bounded by a line with a slope steeper
than that of Region II. The slope and extent of this line is determined- ‘
‘empirically and is characteristic of a given device design. The usual practice
for silicon transistors is to terminate the line at VCE = VCEO(;us)':

~ The safe operating areas shown in Fig. 2 can be transferred to the tran-
sistor collector output characteristics of Fig. 1 in order to show their
‘approximate relationship. See Fig. 3 for an example. .

CONTINUOUS PULSED
OPERATION OPERATION
e Figure 2 - Typical safe operating

areas for continuous and for pulsed
forward biased operations. The area for

continuous operation is divided into

log IC three regions: the current limited (I),
tp3 the power limited (II), and the second
tp2 - breakdown or voltage limited (III) regions.
tp1 The pulsed operations are for pulse widths

tpl’ tpz’ and tps; in order of decreas-

ing duration. The large dots indicate
suggested test points for the ccitinuous

and pulsed areas in region III.
Veet

log Vce
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CONTINUOUS PULSED . N
OPERATION OPERATION

Figure 3. Safe operating area limits from Fig..2 translated énto common-emitter output
characteristic family. Dashed lines indicate extensions of constant power loci.

3.2.2.2 Verification of Maximum Operating Conditions

The safe operating areas for continuous and pulsed operation may be
verified by tests at two points on the boundary of the second breakdown limited
region: at the lowest voltage and at mid-voltage between the lowest and
highest voltage of this region (indicated by large dots in Fig. 2), or at the
points specified by the registration format.
" The temperature-stable, common-base circuit shown in Fig. 4 is recommended
for performing the verification tests. However, a common emitter configuration
can also be used to verify these safe operating conditionms.
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Figure 4 - Test circuit for verifying safe operating areas. Note that switches

S1 and S2 are normally closed.

3.2.2.3 Verification Test Sequence
(1) With a representative transistor connected in the test cir-
cuit of Fig. 4 and fastened to a heat sink sufficient to
maintain the case temperatures at the specified level
‘ during the test, adjust the circuit parameters as follows:
‘ ! .'L" E (a) . 'fiith VCC much less than VCE of the test point, adjust
the emitter current supply so that IC is increased
to the value of the test-point current. Open switch
S1.
() Increase VCC to the VCE of the test point. (Note that
Veg = Vep * VBE‘) Open switch S2.
(c) Remove representative transistor.

(2) Install the transistor under test in the test circuit
and fasten to the heat sink.

(3) Close switch S2,

(4) Close switch S1 for the specified test period. The rise
and f‘all times of the collector current must each be less

: than one-tenth the test period.

(5) A collapse of VCB is indicative of a failure. In some \
devices, IB may also decrease significantly just prior to
the collapse of Veg-

(6) Open switch S2.

Q Note: The time between successive tests of a single transistor
‘ . must be sufficiently long to allow the junction temperature of
the transistor to return to the specified case temperature.
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Figure S - Curves for temperature derating of collector current for a fixed
collector-to-emitter voltage.

3.2.2.4 Temperature Derating

The temperature derating should be specified for each region of the rating

curve (see Fig. 2). The standard linear derating which applies to Region II- . ‘
-will, in most cases, be unduly conservative when applied to Region III. )

A separate derating curve is developed for Region III by empirical means,

One such derating scheme is shown in Fig. 5 and its use is outlined below:

(1) For a given pulse duration and collector-to-emitter voltage, deter-
mine from Fig. 2 the maximum collector current allowed at 25°C.
Use the constant power lines or their extensions, if necessary.

(2) Having previously calculated the case temperature from known steady-
state power and heat sink conditions, refer to the temperature
derating curve of Fig. 5. Using the Dissipation Limited curve,
determine the percént current derating needed from the value of
the collector turrent obtained in step 1.

(3) If the collector-to-emitter voltage condition of step 1 required
the use of an extension of the Dissipation Limited line, repeat
step 1 using the corresponding Voltage Limited line of Fig. 2.

(4) Repeat step 2, using now the Voltage Limited derating line of Fig. S.

(5) The maximum allowable current is the smaller of the two values
obtained in steps 2 and 4. ! ).
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For repetitive pulse operation, an "effective' case temperature is used
in the temperature derating curves, which is the sum of the maximum ambient
temperature, the rise in case temperature, and the rise in junction tempera-

ture resulting from the average transistor power dissipation, P The

AVG®
effective case temperature, TC(EFF) may be calculated by using the following
relationships:

Tecerr) = Ta * Pave Reca * Pave Resc’ -
TC(EFF)'= T. + P R

c.* *ave “esc*

3.2.3 Safe Operating Areas for Switching Between Conduction and Cutoff
with an Unclamped Inductive Load

3.2.3.1 Introduction

Applications exist which necessitate transistor switching between conduction
and cutoff with an unclamped inductive load. If the circuit inductance is
sufficientiy high, the transistor may be driven into the sustaining region
where its energy dissipation capability is much lower than in the forward
biased region. The specification of safe operating conditions for these appli-
cations is different from that for forward base drive operation in that the
former is tailored to the character of a specific circuit, of which the test

circuit in'Fig. 6 is representative.

The maxlmum safe operating conditions for switching between conduction and
cutoff may be shown as areas on a graph of peak collector current versus load in-
ductance as illustrated in Fig. 7. Switching operations are safe if the point
determined by the inductance and collector current switched lies in the area
bounded by the curve fbr the specific base drive conditions used. This area
is frequently referred to as the reverse-bias safe operating area (RBSOA).

If the transistor is to be operated at duty cycles or at case temperatures
which are significantly different from those specified, or if the circuit
conditions are different, it is advisable to consult the vendor on the pos-
sible extrapolation of the specification to particular application needs.
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When a forward base drive is applied to the transistor under test (TUT)
in the circuit of Fig. 6, by switching on transistor Q, the collector current
increases at a rate which is controlled essentially by the inductance and the
current~limiting resistance. The critical part of the switching cycle with
respect to transistor safety is switching from conduction to cutoff. With
the application of a reverse base drive, the collector current will decrease,
inducing a back EMF in the inductor and increasing the collector-to-emitter
voltage to VCEX’ This is indicated.- by the waveforms in Fige 6. During the
time, (t,-t;),in which the collector current decreases linearly with time
to its cutoff value, -the transistor must dissipate-an energy, E, that is
equal to the energy stored by the inductor, plus that supplied by the battery
'durzng (tz-tl), minus the energy dissipated in the current-limiting resistor
during (tz-tl) Using the notation in Fig. 6 and assuming an immediate rise
in Veg to Vepx 2t Icpke and a relatively constant value for VCEx with IC

during the discharge time, then

= (1/2)Llépx * (1/2)Vee Iopglty=ty) - (1/3)Ry Iépxctz't1)'

To eliminate (tz-tl) from the above expression the relation

E= (1/2)V

CEX ICPK(tz-tl) is used to obtain:

3 LI
E =

CPK CEX , Where RT R + Rs
§ Weex - Vod) * Rp Lepx

In order to make the dependence of E on VCEx negligible, the battery voltage,
CC’ and the resistance, RT must be reduced sufficiently. In this case, to

"a good approximation,

= WL, | (1)

It is this value of’engrgy that the maximum safe operating area speci-
fication implies the transistor can dissipate in the sustaining region.
This energy is determined empirically and is found to be also dependent on
_ the reverse base drive parameters and the junction temperature. This energy
is shown in some technical data as Es/b (energy above which second breakdown
may occur). When the collector supply voltage cannot be reduced sufficiently,
an effective inductance, L(EFF) is used in eq.l rather than the actual indug-
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Figure 6. Suggested test circuit for verifying specifications of safe operating areas
for switching between conduction and cutoff with an unclamped inductive load, and

waveforms while switching.

65



tance, where

V
CEX }L

L =
(EFF) [ VCEX - VCC

The effective inductance takes into account the energy stored in the actual
inductor and that which is supplied by the voltage supply used. The effective
- inductance is used in the safe operating area specification such as illustrated
in Fig. 7 to obtain the maximum collector current that can be switched for
" the cutoff conditions given when VCC is not negligible in comparison with VCEX'

3.2.3.2 Vérifiéation of Maximum Operating Conditions
The test circuit shown in Fig. 6 may be used to verify the maximum opera-
ting conditions. The test point should be selected near the high-inductance, ]
low-collector current end of the curve, .or where specified by the manufacturer ‘
(see Fig. 7). The following conditions should be specified: case tempera- y
I

ture, total circuit resistance and inductance, VBBZ RBBZ’ CcPK’ and IB(on)'

When designing and operating the test circuit, the following precautions

* should be taken: .

1) VCC should be kept as low as possible in order to minimize the un-
calculated energy contributed by the supply. To prevent the supply
from contribu;ing more than about 10 percent of (1/2)LIéPK’ )
VCC s 0.1 vCEX‘

(2) Duty cycle should be kept low and an adequate heat sink should be

used to minimize any heating effects and to maintain the specified
case temperature of the transistor under test.

(3) Switching time of the base drive waveform should be considerably
less than the rise (tr) or fall time (tf) of the transistor
under test (generally no more than 10 percent). See Fig. 6.

. «
Nt
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Inductor should be designed so that the inductance is relatively
independent of DC load current. Generally, an air coil is used;
however, high quality molybdenum permalloy toroids can be used when
large inductance is required. The self resonant frequency of the
inductor should be equal to or greater than 20 times the fhfe of
the transistor under test. The resistive and core losses of the
inductor should be small in comparison to the stored energy, gener-

‘ally, Q 2 100 @ 20 kHz. Departure from these criteria will re-

duce the energy absorbed and should be taken into account.

If the transistor is not to operate in saturation prior to switch-
ing, a maximum value of vCE(on) must be specified.

.3.3 Verification Test Sequence

BB2’ L, and VBBz are at specified values before tran-

sistor under test is inserted.

Ensure that R

Adjust base drive until specified I is attained.

B(on)
Increase V.. and t_ until I, reaches the test value.

Note: In Sge eveng Tepk caﬁgot be obtained when Vec reaches

0.1 VCEX’ IC may be increased by lengthening the pulse width (tp).
The time between the successive pulses must be sufficiently long
to allow 'l‘J to return to TC.
Observe the IC and VCE waveforms. The transistor should be rejected
if the collector-emitter voltage collapses or oscillates during the
collector current fall time.

Decrease VCC to zero, before removing transistor under test.

Device failure may be readily detected by a VCEO(SUs) test.
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Rgs2= constant
Te = 25°C
A<B .

LOG I,

LOG L .

Figufe‘7. Rgpresentative saf? operating areas for switching between conduction and cutoff
conditions with an unclamped inductive load, L, with circuit shown in Fig. 6 for different

reverse base drive cogditions. Large dots indicate general region of test points for veri-
fying the safe operating area specifications. ° ’

. N X

@

3.2.4 Safe Operating Conditions for Switching from Conduction to Cutoff :
with a Resistive Load :

3.2.4.1 Introduction

The maximum safe operating conditions for switching a transistor with a
reéistive load from conduction to cutoff may be shown by a triangular area on
the Vo - I, plane. Such an area is shown in Fig. 8 where the triangular
area is defined by the VCE and IC axes and the load line for switching from the
maximum value for IC at saturation, Il’ to the maximum value for VCE at cutoff,
Vl. Switching operations are safe if the load line lies completely on the
triangular area and if switching is performed with the specified reverse
base drive at the case temperature and at or below the duty cycie specified.

Instead of providiﬁg a drawing of a triangular area, only the maximum
value for IC at saturation and the maximum value for VCE at cutoff may be
specified. Safe switching operations are those for which the values of I.
at saturation and VCE at cutoff are less than or equal to the respective
maximum values specified.
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Figure 8. The maximum
safe operating conditions
for switching from con-
duction to cutoff with a
resistive load, as denoted
by a triangular area super-
imposed on a common-emitter
output characteristic fam-
ily. The output character-
istic for the reverse base
drive specified for safe
VCEX operation is indicated by

Veexe

™~

3 ™~

—
4

Vee \/

Superimposing the triangular area on the céﬁmon-emitter output charac-
teristics of the transistor in Fig. 8 is intended to show that the load
‘line, defined by Vl'and Il’ is located under the negative resistance region
of the output characteristic for the reverse base drive specified. The load
line must not intersect this negative resistive region, otherwise the tran-
sistor may not be able to switch from a conducting to- a cutoff condition..

It should be pointed out that the location and extent of the negative-resis-
tance region may be significant functions of temperature, depending on device
design and construction. :

If the transistor is to be operated at duty cycles and at case tempera-
tures significantly different from those specified, the operating conditions
that are specified may not be safe.

The specification of a maximum safe operating area for switching a tran-
sistor-with a resistive load from saturation to cutoff is redundant if the
maximum safe operating conditions for continuous forward bias or pulsed forward
bias operations are specified which enclose the triangular area and if the
switching time along the resistive load line is less than the pulse width
specified.

3.2.4.2 Vérzficatzan of Maximum Operating Conditions

Verification of the maximum safe switching operation drawn in Fig. 8
is accomplished by switching along the resistive load line with slope
Vl/I1 first from the cutoff condition at VCE = V1 to saturation at IC =
and then back to the cutoff condition at VCE = Vl‘ A suggested test
circuit is shown in Fig.9 and the test procedure using this circuit is dis-
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cussed in 3.2.4.3. The maximum base current needed to switch the transistor under
test (TUT) into saturation at Ic = I1 as well as the values for RBBZ and

Vppo Must be specified. The rise and fall time of the forward base-drive

current pulse shall be less than the specified switching time of the TUT.

The duration of this pulse shall be at least ten times the sum of the rise,

storage, and fall times of the TUT.

CRG (V)
R Figure 9. Suggested test
BBt V%2 circuit for verifying safe
AN\ )TUT operating conditions for
&, éR switching between conduc-
< L tion and cutoff with a
resistive load.
Rgg2
q e -
VBB2 T~ : 1 Vec
PULSE J.Z ' 3

GENERATOR AT -
. Vesi — L@—'

3.2.4.3 Verification Test Sequence

(1) Adjust Vg, to V,.

(2) Measure IC with current meter to determine if transistor under
test (TUT) is in the cutoff condition (i.e., IC <I

(3) Close switch S to shunt the current meter.

CcE0)*

(4) Adjust VBBl so that the required forward base current will be
applied to the TUT when transistor Q is switched on.

(5) Apply single pulses of increasing duration to transistor Q until
IC = I1 during the pulse. The time between successive pulses shall
be such that the average junction temperature will not rise with
the application of successive pulses.

(6) VCE must return to V1 after each pulse as may be determined from
an oscilloscopic measurement.

(7) After the last pulse has been applied, open switch S and measure

fIca The TUT must be in a cutoff condition (i.e., Ic < ICEO)'
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3.2.5 Safe Operating Conditions for Switching Between Conduction

and Cutoff with a Voltage Clamped Inductive Load

3.2.5.1 -Introduction

As with switching with an unclamped inductive load, described in 3.2.3.1,
the critical part of switching a clamped inductive load with respect to tran-
sistor safety is switching from a conduction to a cutoff condition. The same

‘test circuit is used as in 3.2.3 except that a voltage clampihg network is
- added to prevent the induced emf of the inductor from incréasing.the VCE of

the switching transistor above a clamp voltage, Vz. The clamp voltage must

be less than Vv of the transistor, for the turnoff base drive

condition usedfﬁgiigggise the circuit will operate as if the inductive load
were unclamped.

The switching capability of a transistor is determined empiricaily b&
the manufacturer and is found to be dependent not only on the collector current
switched, iCPK’ and on Vz, but also on the turnoff base drive conditions, the
case tempsrature, and the duty cycle.

The maximum safe operating conditions for a transistor may be given as an
area in a plot of the collector current that may be switched off versus the
clamp voltage, or it may be given in terms of the energy that the transistor
may dissipate during the turn-off process. The latter specification is generally
less practical to verify because of the need to integrate the power during the
turn-off time for each transistor tested.

In this section, means for verifying the safe operating conditions for
switching from conduction to cutoff are described for three methods of clamping
an inductive load.

(1)- Vv, Clamp Method

In this method, a clamping network consisting of a clamping diode

in series with a power supply is connected in parallel with the emitter

and collector terminals of the transistor under test (TUT), as shown in

Fig 10. The clamp voltage is equal to the breakdown voltage of the diode

minus the voltage of the power supply.
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Figure 10. Suggested circuit for verifying safe operating conditions for switching
z clamped inductive load, and waveforms during

between conduction and cutoff with a v
switching.
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Falnnd

The energy that the TUT must dissipate, Epyps is dependent on the maenitud

of VCE and IC during the turn-off time (from t; to tz, as shown in Fig 10).
This turn-off or collector-current fall time will vary with each transistor

and will be dependent on the case temperature and on the values chosen for
RBBZ and VBBZ' The magnitude of ETUT can be determined by evaluating the
integral in )

Eqyp I IV 4t : (1)
tl '

. Tﬂ;'éﬁérg} fhét'fﬁe TUT diééipaféé‘ﬁill'ﬁé cdﬁéiderably less than the

energy stored by the inductor.  The bulk of the energy that must be dis-
sipated while switching from a forward conduction to a cutoff condition
is dissipated by the clamping network and any series resistance in the

" ecircuit.

2y VCClClamp Method

In this method a clamping diode is connected in parallel with the
collector terminal of the TUT and the positive terminal of the VCC supply,
as shown in Fig 11, so that the diode will conduct and thereby shunt any
emf from the inductor. The clamp voltage is essentially equal to the
value of VCC'

The magnitude of ETUT can be determined by evaluating the integral
in eq. 1. Also, as in the preceding method, the energy that the TUT must

dissipate will be considerably less than the energy stored by the inductor
during conduction.
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Figure 11. Suggested circuit for verifying safe operating conditions for switching
between conduction and cutoff with a Vcc clamped inductive load, and waveforms during

switching.
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3) VCB Clamp Method
In this method a clamping network consisting of a clamping diode

in series with a power supply is connected in parallel with the base and
collector terminals of the TUT, as shown in Fig 12, The clamping voltage
will be equal to the breakdown voltage of the diode minus the voltage of

. the power supply. When VCE reaches VZ’ the clamping network will conduct
and supply a forward base drive to the TUT so that it operates in a forward
bias conduction mode. The TUT and the clamping network must dissipate an
energy, E, edual to fhe energy stored by the inductor, plus that supplied
by the VCC supply during the turnoff time (from ty to tz), minus the energy

- dissipated by the current limiting resistor. This energy may.be calculated

by . 2
- 3 LICPK \l}

o 80gVee) + 4 Ry Topg

If VCC is small compared to Vz and the circuit resistance is sufficiently

- small, then E may be calculated using

_ 2
E = (1/2) LICPK'

In any of these methods, if the transistor is to be operated at duty cycies,
temperatures, and/or conditions of reverse bias significantly. different from
those specified, it is advisable to consult the transistor manufacturer on
possible extrapolation or interpolation of the specification to the application

needs of the user.

3.2.5.2 Verification of Maximum Operating Conditions

The appropriate test circuit shown in Figs. 10, 11, or 12 may be used to
verify the maximum operating conditions, according to which clamping method is
used. The following circuit parameters and conditions must be specified for all
methods: RBBZ’ VBBZ’ VCE(on)max’ Vz, ICPK’ case temperature, pulse width, and

duty cycle. When the VCB clamp method is used the following characteristics

of the inductor must be specified: L, Q, and the self resonant frequency.
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.Figure 12, Suggested circuit for verifying safe operating conditions for switching
between conduction and cutoff with a V

CB clamped inductive load, and waveforms during
switching.
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When designing and operating the test circuits, the following precautions
should be taken:

’

(1) For the VCB clamp method, VCC should be kept as small as possible

in order to minimize the uncalculated energy contributed by the VCC supply.
CC should not exceed 0.1 Vz to prevent the supply from contributing more than

about 10% .of (1/2)L1CPK

(2) The dynamic impedance of the clamp circuit should be low enough to
prevent any significant increase in Vz during the time it is absorbing energy
from the inductive load. The time required for the clamp to become active
once Vz is reached should be such that any voltage overshoot that occurs should

not exceed .05 Vz

(3) - The total circuit resistance, RT, should be chosen so that the maxi-

‘Hum rated collector current (ICM) cannot be exceeded for large-duration forward

base drive pulses. Namely,

\/ -V
CC(max) - "CE(on) -
Ry ® I ’

M

Where I., is the maximum collector current rating of the TUT.

%g) The switching time of the base drive waveform should be consider-
ably less than the rise time (tr) or fall time (tf) of the TUT (generally
no more than 10%). )

(5) The minimum pulse width of the.base drive waveform must be at least
10 times the sum of the turn-on and turn-off switching times of the TUT, i.e.
t_min 2 10 cton + toff)'

(6) The duty cycle should be kept low and an adequate heat sink should
be used to minimize any effects due to heating and to maintain the case tempera-
ture specified for the TUT.

(7) The VCC clamp circuit requires a constant-voltage, current-limited
power supply in order to limit the value of current through the inductor during
the ON time of the pulse.

(8) The inductor should be designed so that the inductance is relatively
independent of DC load current. Generally, an air coil is used; however, high
quality molybdenum permalloy toroids can be used for higher values of inductance.

(a) For Vz and VCC clamped circuits (Fig.10 and Fig.11l) the in-
ductance should be sufficiently large to ensure that IC 2 0.9 ICPK when
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reaches the clamp voltage. However, for the VbB clamped circuit

(Fig. 12) the inductance will be chosen such that the energy stored in

the inductor,
the TUT,
(b) The
to or greater
(c) The
in comparison

1/2 LI2, is approximately equal to the eﬁergy rating of

self resonant frequency of the inductor should be equal
than 20 times the f

he of the TUT.

resistive and core losses of the inductor should be small
to the stored energy; generally, Q Z 100 @ 20 kHz.

Departure from this criterion will reduce the energy absorbed and should

be taken into account.

3.2.5.3 Verification Test Sequence
(1) Ensure that RBBl’ RBBZ’ RT, and L are at specified values before
TUT is installed in the test circuit.

(2) Adjust the pulse generator for the specified values of pulse width

and duty cycle.

(3) Imsert the TUT into the test fixture. Note: Heatsinking will be
required if the power dissipation and the duty cycle are such that the case \‘

temperature will otherwise increase significantly.

(4) For the circuits of Fig. 10 and Fig. 12:

. (@) Adjust the clamp voltage to V..

YA

(b) -Adjust the output of the pulse generator and the values of

VBBl and VCC until the specified I

0.1 Vz. At I

CPK’ VBBl
TUT to a value equal to or less than the specified maximum V

is obtained. VCC should not, exceed
of the

CPK

must be adJusted'to ditve the VCE(on)

CE(on)*

In the event that ICPK is not reached when V.. = 0.1V, and V

vCE(on)max

cc Z CE(on) _

s Ic may be increased by lengthening the pulse width (tp).

Adjustment of the{off time must then be made to maintain the specified

duty cycle.

(5) For the Vt

¢ ¢lamp method indicated in Fig.1l1:

(a) Adjust VCC to the specified value.
(b) Adjust the output of the pulse generator and the values of
VBBl and the current limit on the power supply until the specified ICPK

is obtained. vBBl must be adjusted to decrease vCE(on) of the TUT to
a value equal to o 1£] i . - -

q 0 Or less than the specified maximum VCE (on) B ) ‘
(6) Observe the Ic and VCE waveform. The transistor should be rejected i
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if the collector-emitter voltage collapses or oscillates during the collector
current fall time.

(7) Decrease first VCC

"(8) Device failure may be readily detected by a VCEO

and then Vz to zero.

or aV

CEQ(sus) test.
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PART 3

VERIFICATION TESTS

3.3 Electrical-Characteristic Tests
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3.3 ELECTRICAL CHARACTERISTIC TESTS

3.3.1 Introduction

Accepted test practices are described here as a guide to making power
transistor characteristic tests. Only those electrical characteristics
included in JC-25 registration formats are included.

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.

The inclusion of the following tésts does not imply that they all

must be performed by either the manufacturer or the user. It is the re-

sponsibility 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.

In 3.3.2 and 3.3.3 the device under test and the connections to them

. are shown separate from the remainder of the test circuit for the following

test techniques: for dc operation (D.C.); for curve-tracer operation,
u51ng a 60 Hz full-wave rectified sinewave (C.T.); and for pulsed operatlon
using 300-us duration pulses at a 2% duty cycle (P).

An npn transistor is used as the transistor under test in the test
methods below. These test methods will also apply to pnp devices by
appropriate polarity changes in the circuit elements.

For small-signal measurements, a signal is used which, when doubled
‘in magnitude, does not produce a change in parameter that. is greater than
the required accuracy.

In the circuit diagrams shown, certain assumptions are made. Con- ~
nections between circuit elements have negligible resistance in comparison
with their lowest terminating impedance. Resistors, 'inductors, and capaci-
tors are considered to have an ideal characteristic in the frequency range
used. Voltage sources have zero impedance, and current sources have infi-
nite resistance. All voltmeters and oscilloscopes have infinite input re-
sistance and all ammeters have zero resistance, unless otherwise noted.

3.3.2 Cutoff Current [I

ceo’ Teso’ Tcpo’ Temvi mpi!
3.3.2.1 Introduction

The procedure for testing the cutoff current is to apply the specified
reverse voltage and then measure the cutoff current. If testing is done at
an elevated temperature, it may be necessary to use a heat sink to prevent
thermal runaway that may result because of the temperature dependence of the
cutoff current.
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3.3.2.2 Transistor Connections

Connections for the transistor under test (TUT) are shown here separate
from the remainder of the test circuits which are shown in 3.3.2.3.

Teeo Teno Icso Teey

> >
- TUT TUT TUT TUT
Ves

, L L UL

Teey Toey Ieey
TUT Tt TuT
Va2e Veis2 Retsa
= —i |- - A

—— | f—i> —>

VBie Ve VBiE VBiE

Ies Ig1s2 . Ics:
? -
TUT TUT TUT
——— ——— >
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3.3.2.3 Test Circuits

‘ o The supply voltage, V_, should be equal to the product of the current

e sensing resistor, R_, or th& resistance of the ammeter, and the cutoff current
(IC OFF)’ plus thesspecified test voltage. The cutoff current of the transistor
in gﬁe pulse test circuit must be small compared to the measured cutoff current
of the transistor under test. The cutoff current of the transistor under test
is measured with an ammeter or with a cathode ray oscilloscope (CRO).

De. c.T. P.
CRO (V) T CRO (V] T
L. -~ ] -
- C -
(V POWER SUPPLY PULSED POWER
,Z .o . SUPPLY

=V v=Vs|sin 120wt p=300us, V=Vs
7 S slsin i 2% du‘t‘: factor

O

- = Rs CRO (1] = Rs CRO (1)

3.3.2.4 Test Conditions to be Specified

(1) Case temperature unless T, = 25°C )
(2) Voltages applied to the device: Veros VEBO; VCBO; VCEV; VEBI;

V12’ VEB2

(3) Base termination: V.

B’ v

B2E’ Rp2E’ VB1B2® RB1B2
(4) Technique: D.C.; C.T.; P

M . '-.o . .
3.3.3 "Breakdown Voltage [V(BR)CEX’ V(BR)CEO H V(BR)CES’ V(BR)EBO’ V(BR)CER]

3.3.3.1 Introduction

For breakdown voltage measured in the sustaining region, the current
should be high enough to insure that the breakdown voltage is relatively
insensitive to current.

*Commonly referred to as VcEO(SUs)

| ..(']: E
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3.3.3.2 Transistor Connections

Connections for the transistor under test (TUT) are shown here separate
from the remainder of the test circuits which are shown in 3.3.3.3.

V (BR) cEX V (8R) cE0 V (BR) cE0
9

T TuT TuT

Rea2

9

VeB2

V (8R) ces V (ar) cer V (8r) EBO

> >
Ut 10 I )

_©

Rpe
> —> >
3.3.3.3 Test Circuits A
D.C. “C.T. ) " P.
CRO {V} iCRO (V)
| Ry, -
F
PULSED POWER
. (V> Ru POWER SUPPLY SUPPLY
V=Vs] sin 1207 tp=300ss, v-vs
VS 2% duty factor
> -
= = Rs = Rs CRO (1)

CRO (1)
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In addition to the test circuits for D.C., C.T., and P, an inductive
sweep circuit is shown. This test circuit is particularly useful for
voltage measurements in the sustaining region.

cng(w
(g
L L
Ry
PULSE R
GENERATOR — A/\f\.-l\-lns
Vesi . =

CRO ()

3.3.3.4 Test Conditions to be Specified

(1) Case temperature unless Te = 25°C

(2) Current applied to Fhe device: ICEX’ ICEO’ ICES’ IEBO’ ICER’ .

(3) Base termination and conditions: V

B2’ Vmp1’ Rpp2’ Rpp1’ R

BE’
pulse width; duty cycle

(4) Technique: D.C.; C.T.; P; Inductive Sweep

(5) Load resistance, inductance, and supply voltage where applicable:
RL, L’V
S

3.3.4.0 Floating Potential [V

EB(fl)]
3.3.4.1 Introduction

The value of VEB(fl) is related to the thickness of base width.

3.3.4.2 Test Circuit
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D.C. . - C.T.

~

Q@ CRrO (V)

POWER SUPPLY
TuT

V=Vs |sin 120rt|

‘Ree
A TuT (}—
Ree
V— -

—A—

O CRO (V)

@ CRO [V)

PULSED POWER
SUPPLY
tp=300 s, V=vs

2% duty factor

TUT

CRO (V]

3.3.4.3 Test Conditions to be Specified

(1) Case temperature unless TC

(2) Base-collector voltage: VBC

(3) Base-emitter resistance: RBE

= 25°C

(4) Technique: D.C.; C.T.; P
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3.3.5 Current Gain [hFE]
3.3.5.1 Introduction

The static forward current transfer ratio in the common-emitter con-
figuration is one of the most important gain characteristics for power
transistors. It specifies the relationship of output current to input

current.

3.3.5.2 Test Circuit

D.C.

C.T.
T CRO (V)

POWER SUPPLY
V=Vg|sin 120wt|

T CRO (V)
Tut
0 (v PULSED POWER
\a, SUPPLY
tp= 300.s, V=Vs
2% duty tactor

I’ .
~ A AL I
Ves = Rs demapp
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The current gain is given by hFE = IC/IB. For the C.T. and P tests, .

Vop > AVB so that I

BB B is constant and relatively independent of VBE' )

E

3.3.5.3 Test Conditions to be Specified

(1) Case temperature unless TC = 25°C
(2) Collector emitter voltage: VCE
(3) Collector current: IC

(4) Technique: D.C.; C.T.; P

3.3.6 Saturation Voltage [VCE (sa.t)] ‘

3.3.6.1 Introduction

The collector-to-emitter saturation voltage is especially important for
switching applications. Together with the collector current, it provides
the basis for calculating the power dissipation in the "on' state.

3.3.6.2 ZTest Circuit

p.e. N C.T.
. TORU (v) ' .

)
CTUT
POWER SUPPLY
Rgs V=Vg|sin 120t
[P
/fl
Vs MT
Rs CRO ()
PD
T CRO (V)
TUT
PULSED POWER
SUPPLY
.1 tp= 300.s, v=vs
2% d f
RBB Ilt] actor .‘)‘

e
Ves _I=- Rs CRO (1)
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For the C.T. and P tests, Vas >>Vpe in order to make I independent
of variations in VBE during the "on" condition for the various devices

being tested.

3.3.6.3 Test Conditions to be Specified
(1) Case temperature unless TC = 25°C
(2) Collector current: IC

(3) Base current: IB

(4) Technique: D.C.; C.T.; P

3.3.7 Base-to-Emitter Voltage [VBE]-

3.3.7.1 Introduction ’
Thgre are two conditions of interest for the static base-to-emitter

voltage: (1) VCE in saturation (commonly referred to as VBE(sat)); qqd
(2) VCE out of saturation (VBE)°

3.3.7.2 Test Circuits

0e - . c.T.
e ) . Tcno (v) -
CRO (V) CRO {V) |
(t’
Oz (A) >T“T POWER SUPPLY
V Vg|sin 120t
Res O Rgg
i L e
1k L
Vee Vas = Rs demoqm
P.
T CRO (V)
CRO (V)
TUT PULSED POWER
' _ SUPPLY
tp'sums,v Vs
RBB 2% duty factor

"l{' - L “'I
Ves = Rs CRO (I)
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For the C.T. and P tests, VBB >> VBE in order to make IB independent

of variations in VBE during the "on" condition, for the various devices
being tested. The base terminal for Darlipgton transistors is Bl.

3.3.7.3 Test Conditions to be Specified
c*= 25°C
(2) For VCE in saturation chE(sat))

(1) Case temperature unless T

(a) Collector Current: I

(b) Base Current: IB

(c) Technique: D.C., C.T., P .
{(3) For VCE out of saturation (VBE)

c

(a) Collector current: IC

(b} Collector-to-emitter voltage: VCE
(¢) Technique: D.C.; C.T.; P

3.3.8 Open Circuit Capacitance [Coho]
3.3.8.1 Deseription

The open-circuit output capacitance indicates the frequency limita-
tions of a transistor.

3.3.8.2 Test Circuit

TUT
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. ( The capacitance of 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 connection open-circuited. The base terminal for Darlington

transistors is Bl.

3.3.8.3 Test Conditions to be Specified
(1) Case temperature unless T, = 25°C
(2) Collector-to-base voltage: VCB
(3) Frequency: f

3.3.9 Small-Signal, Short-Circuit Input Impedance [hi o’ Re(hie); Im(hi e)]

3.3.9.1 Introduction

The input impedance is hie = Vbe/ib' The real and imaginary parameters
are important for designing input matching networks.

3.3.9.2 Test Civeuit

TUT
BRIDGE
Ci C2
I \i
N N
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Capacitors Cl and C2 must represent a short circuit at the measuring
frequency. The bridge shall be nulled with a short-circuit across the
base-emitter terminals. When hie is measured at 1 kHz, ib can be measured

with a current probe and Vhe with an oscilloscope.

3.3.9.3 Test Conditions to be Specified

(1) Case temperature unless Te = 25°C
(2) Collector-to-emitter voltage: VCE

(3) Collector current: IC
(4) Frequency: £ for Re(hie) and Im(hie)

3.3.10 Small-Signal, Open-Circuit Output Admittance (Re(h )]

3.3.10.1 Intreduction
The purpose of this test is to determine the real part of the output

admittance.

3.3.10.2 Test C‘I:Z’Cu'it . R h -
. ’ . ’ ‘l"

P—

TuT_

The L-C network in the base circuit shall have a large impedance
compared with hie at the test frequency. Capacitor, Cl, shall present a
short-circuit at the test frequency.

3.3.10.3 Test Conditions to be Specified
(1) Case temperature unless 'I‘C = 25°C >‘
-(2) Collector-to-emitter voltage: VCE
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(3) Collector current: IC
(4) Frequency: f

3.3.11 Small-Signal Gain, Cutoff Frequency, and Transition Frequency

Ihfe’ fhfe’ fT’ respectively]

3.3.11.1 Introduction

These measurements indicate the small-signal gain and. the frequency
response capabilities of transistors. Both measurements are dependent on
the operating point.

The small-signal gain, hfe = ic/ib, is measured at a frequency of
1 kHz. The cutoff frequency is the frequency at which hfe is 3dB less than
its value when measured at a frequency of 1 kHz. The transition frequency,

f&, or the frequency at which [hfej’extrapolates to unity, may be obtained

.from the relation f& = Ihfe]'f if hf.e is measuyed at a frequency, £,

where [hfel decreases approximately 6dB per octave. The measurement as
specified does not assure the 6dB per octave region. The region can be
determined by plotting fh. | versus f.

3.3.11.2 Test Circuit

TUT " CURRENT

PSR

The L-C networks shall have very large impedances compared to those

of capacitors Cl and C2. The amplitudes of ib and ic are measured with

current probes. The ac-impedance represented by’Cz, the current probe,
and the associated wiring shall be small compared to the output impedance

of the transistor under test.
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3.3.11.3 Test Conditions to be Specified
(1) Case temperature unless T, = 25°C
(2) Collector-to-emitter voltage: VCE
(3) Collector current: IC

4) Frequ?ncy: £, for fT only.

3.3.12 Power Gain and Collector Efficiency [GPE and n]

3.3.12.1 Introduction

The best way to specify a high frequency transistor is to specify the
actpai power gain, GPE,and the collector efficiency, n, in an amplifier circuit.

'3.3.12.2 Test Circuit

I
, ‘
1 | MATCHING MATCHING | |
GENERATOR L NETWORK I 2500
Rogt =502 | | Rip=S0n NETWORK | |
: ;
i i
e e e e e e o e

Test circuit schemat%c and component layout-diagram must be supplied
by registrant. An effort should be made to keep the test circuit as simple
as possible. Physical and electrical characteristics of all critical cir-
cuit components must be specified. Total power of harmonic or parasitic
frequencies must be 20dB below P ut 3t thé specified frequency, fin = f;u .

The power gain anﬁ the collector efficiency are calculated by using

the following relationms.

P P
out out
Gpg = 10 log-——p ne—ou
. in in cec
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3.3.12.3 Test Condition to be Specified
(1) Case temperature unless TC = 25°C

(2) Frequency: fin
(3) Supply voltage: VCC

3.3.13 Switching Time [td; tr; ts; th

3.3.13.1 Introduction
Switching time may be measured either with a low impedance or a high

impedance base drive. For the latter case, charge control theory can be

used to predict changes in switching times for different drive and load
conditions. For the former measurement approach, it is desirable to mini-
mize the useage of many different variations in the switching circuit

used. A circuit similar to that shown in 3.3.13.2 for the limited set of
suggested resistor values is recommended for measuring éwitching times'regis-
tered on the JC-25, RDF2 format.

3.3.13.2 Test Circuits
). Low_Ippedance Base Drive Circuit

CRO (V)
CRO{Y) RBB‘[
Ut
>
Rgs2 _ ?Rc
Vee2
PULSE
GENERATOR './' —
' 7/ <+
Vest - cc

Suggested sets of resistor values:

Circuit RBBI(Q) RBBZ(Q) Rc(ﬂ)

S0 100 20
10 10 5
1 1



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, t o’ by a factor of two shall not change the storage time,
ts.

(2) High Impedance Base Drive Circuit
CRO "”T ”cumnr

PROBE
" CURRENT
PROBE
cRO Mg  Rge, ” p
WA O
"R 'y éRc
Rea2 :_T_.VCL <
: T
- Ves2
PULSE T
GENERATOR i - ]
Vass = Vee

. Suggestions: .
"(a)- To maintain test currents constant to +10% for devices to be

tested, the following suggestions are made .regarding circuit values:

Vee
VaB1
v

10 AV CE(sat)’
10 AV,

BE(on)’
B2 > 10 AVpp(oggys and
Rygp 2 4

CE(sat) and AVBE( on) are the differences between the highest and

IV IV wvav

where AV
lowest voltages for the devices to be tested, and where AVBE (o££) is the
d1fference between the highest and lowest transient voltage during the
current turn-off periOfl, for the devices to be tested. Typical values

for Vg, and Vap2 aTe in the range of 5 to 35V.

The diode clamp network should be used if vBBZ BBO If the
delay time is affected by the diode clamp, the clamp Bhould be removed

and VBBz reduced to a level that is less than V EBO during this measurement.
(b) To make negligible the effects of variations in the capacitance

of devices to be tested, the circuit values should be selectéd so that

R, ¢ >
C tf/mcobo and IC 2 20 vCC Cobo f.r.
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‘ ( (¢) To make negligible the effects of temperature and of variations
in hFE on the measurement, the duty cycle should be adjusted so that the
average junction temperature is less than 5°C above ambient, and the circuit

>
values are selected so that both IB1 and IBz 2 4IC/hFEGmin)'

(d) To make measurements essentially independent of input pulse

conditions; the pulse shape should be such that pulse rise time is < td/4,
the pulse width is >> t, + t + t_, and the pulse fall time is < t /4.

3.3.13.3 Test Conditions to be Specified
(1) Low Impedance Base Drive Circuit
(a) Case temperature unless Tc = 25°C.
R and tP and f of the pulse

.. ) Vgpi5 Vot Veed Rppis Rps2d Re
generator.

(2j, High Impedance Base Drive Circuit

Tes Voo Teo Tp1e Te2e Voo

e
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PART 4

THERMAL CHARACTERISTICS

4.1 INTRODUCTION

The purpose of this part is to set forth accepted test practices
as a guide in making power transistor thermal characteristic tests. Corre-
lation between these tests and specific equipment tests will be the responsi-
bility of the user.

4.2 TEMPERATURE MEASUREMENTS

4.2.1 General

Thermal measurements of transistors involve direct measurements of ambi-
ent or surface temperatures, or.both, and indirect measurements of internal
temperatures. Because the temperature rise of components above ambient tempera-
ture depends on parameters such as dissipated power, air velocity, altitude,
and ambient temperature, an appropriate choice of these parameters must be made
to provide the necessary standardization between the user's and the manufac-
turerfs testing procedures. Temperature measurements by thermocouples, thermome-
ters, pyrometers, temperature-sensitive resistors, and temperature-sensitive
paints may be used. When specific temperatures may be measured accurately bnly
with particular methods, these methods will be specified.

4.2.2 Ambient Temperatufe

Ambient temperature, T, as herein used, is the temperature of the medium
used for cooling the transistor. For still-air cooling systems (still-air
convection cooling), the ambient temperature is the temperature of the air
immediately below the transistor when. operating under specified conditioms.
For forced-air cooling systems (forced-air convection cooling)}, the ambient
temperature is the temperature of the air immediately before its entry into
the vicinity of the transistor. For cooling mediums other than air, the
manufacturer shall be consulted for his recommendation.

4.2.3 Transistor Temperature

4.2.3.1 General

Because a transistor is a multi-junction semiconductor structure enélosed

in a housing, direct measurement of junction temperature is not possible.
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On the other hand, ambient temperatﬁre, heat dissipator temperature, mounting 3.
surface temperature, and case temperature may be measured directly.
4.2.3.2 Transistor Junction Temperature
It is desirable to measure the transistor junction temperature, TJ, at
the hottest point on the transistor chip. In general, an indication of the
peak junction temperature can only be determined by using an infrared micro-
radiometer or similar instrument to monitor the peak temperature on the surface
of the transistor chip. Although useful, this type of measurement does not
lend itself to the generation of a standardized test-method to measure the
thermal characteristics of all types of power transistors. A temperature-
sensitive device parameter is therefore used to indirectly measure an average
junction temperature of the transistor [see 4.3 for further details].
4.2.3.3 Case Temperature
The case temperature, TC’ of a stud-mounted, hexagonal-base transistor
is measured at the center of any of the six flats at the base rim. The case
temperature of other base-mounted transistors is measured at a point speci-
fied by the manufacturer. The recommended case temperature test method employs
the use of a thermocouple with characteristics given below. The method and '
location of attachment to the case is also provided. '

An accuracy of #0.5°C should be expected of the thermocouple and associ-
ated measuring system. Under transistor load conditions, slight variations
in the temperature of different points on the case may reduce this to +1.0°C
for free air convectioﬁ cooling, and #2.0°C for forced-air cooling.
(1) Type of Thermocouple
The thermocohple material shall be copper-constantan (Type T). Its useful
temperature range for standard temperature measurements is from -183 to
+371°C. The wire size shall be no larger than #30 Awg. The junction of"
the thermocouple shall be formed by welding together the wires to form
a bead rather than having the wires soldered or twisted together. [See
1974 Annual Book of ASTM Standards - Part 30, Method E220 for Calibration
of Thermocouples by Comparison Techniques for information on construction
and use of thermocouples. ]
(2) Mounting Method

A small hole, just large enough to insert the thermocouple, shall be
drilled approximately 0.76 mm (0.03 in) deep in the base plate of the
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semiconductor device at the point specified by the manufacturer. The
edge of the hole should be peened with a small center punch to form a
rigid mechanical contact with the welded bead of the thermocouple. In
the event that drilling into the base plate of the device case becomes
impractical, because of case material or case dimensions, the thermo-
couple wire may be welded or soldered directly to a specified point on
the case. Other methods of mounting thermocouples, with the possible
exception of the thermocouple welded or soldered directly to the case,
usually result in temperature readings lower than the actual temperature.
Such deviations result from inadequate contact with the case when using
cemented thermocouples and from the external heat dissipator being in
contact with the thermocouple when u51ng pressure contacts.

. 4.2.4 Mount1ng Surface Temperature
4.2.4.1 General
The mounting surface temperature, T M? for EIA Registered Power Transis-

tor packages is measured using a thermocouple imbedded in a washer. The use
of a washer with an imbedded thermocouple offers the best single method of
non-destructive testing that is compatible with most package types. The
thermocouple characteristics and details of the washer &esign are given below.
It should be noted that case temperature and.maunting surface tempefature

are sometimes used interchangeahly.

The mounting surface technique for measuring the reference point
temperature is non-destructive and is generally as repeatable as the case
temﬁerature measuring technique. The mounting surface technique is "application
oriented" in that it takes into account the mounting surface interface.

4.2.4.2 Type of Thermocouple - The thermocouple material shall be copper-
constantan (Type T). Its useful temperature range for standard temperature
measurements is from -183 to +371°C. The wire size shall be no larger than
#30 Awé;‘ The junctién of the thermocouple shall be formed by welding the
wires together to form'a bead rather than having the wires soldered or twisted
together. [See 1974 Annual Book of ASTM Standards - Part 30, Method E220

for Calibration of Thermocouples by Comparison Techniques for information on

construction and usage of thermocouples].

4.2.4.3 Mounting Washer Construction - For all registered TO outlines
the following genergl rules apply:

(1) The base material of the washer shall be copper (half hard or

softer is preferred).
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(2) The thickness of the washer shall be 3.18 # 0.13 mm (0.125 % 0.005 in) "\‘
(3) The outline of the washer shall be larger by 0.76 to 1.52 mm (0.03
to 0.06 in) than the outline of the seating surface of the package for
which the washer is intended.

(4) Clearance holes shall be 0.41 to 0.79 mm (0.016 to 0.031 in)

larger than the maximum outside diameter of the studs or screws intended
to pass through the holes.

(5) The surface of the washer shall be flat within 25 um per 25 mm (0.001
in per in) and parallel within 75 um per 25 mm (.003 in per in) and shall
be nickel plated to a thickness of 1.27 to 2.54 um (50 to 100 uin).

[See ANSI B46.1 - 1962, Surface Texture for further details].

(6) The surface of the washer shall be free from burrs, but the maximum
chamfering of edges or holes shall not exceed 0.41 mm (0.016 in) by

45 degrees so as not to effectively reduce the contact area of the

washer. ’ '

(7) Both surfaces of the washer shall have a 1.60 um (63 pin) finish

or better and be free of oxides. [See ANSI B46.1 - 1962, Surface Texture
for further details]. . : )

(8) The thermocouple hole shall be drilled into the _wasiler midway A )“
between and parallel to the top and bottom surfaces. The size of the
thermocouple hole shall be no greater than 1.52 mm (0.06 in) in diameter
but it is recommended that it be no larger than necessary to accept

the thermocouple, -

(9) For flat-type packages (such as the TO-3), the bottom of the thermo-
couple hole shall extend approximately 0.8 mm (0.03 in) beyond the
geometric center of the washer. Radial orientation of thermocouple

hole is arbitrary. '

(10) For stud-type packages (such as the T0-61), the bottom of the
thermocouple hole shall be approximately 0.8 mm (0.03 in) from the

inside hole of the,washer. o

(11) For tab-type packages, the bottom of the thermocouple hole shall
extend approximately 0.8 mm (0.03 in) beyond the geometric center of

the seating surface.

(12) It is recommended that the thermocouple be secured into the washer
with a thermal conducting adhesive and that particular attention be

paid to minimizing air voids around the ball of the thermocouple. ) .
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(The thermocouple bead should be in direct contact with the copper
washer).

(13) Clearance holes for device leads should allow suitable clearance
to prevent electrical shorting to the washer. It is recommended that
this clearance hole be approximately 1.5 mm (0.06 in) larger in diameter
than the lead to allow clearance for insulating sleeving to be used

on the leads.

(14) Device mounting torque should comply with the manufacturer's
recommendations.

(15) A thermal conducting compound should be used on both sides of the
washer to interface with the device and the heat sink.

(16) Special care must be taken so that only the bead of the thermo-

couple is allowed to come into mechanical contact with the washer.

4.2.5 Still-Air Convection Measurements

Still-air measurements shall be based on ‘the following conditions:

(1) The transistor shall be mounted verticaily (with the leads down)
in a cubic enclosure of not less than 30 cm (1 ft) on a side. If the
transistor is mounted on a heat di;sipator,'é.g., a square ﬁetal plate,
each internal dimension of the enclosure should be a minimum of four
times the dissipator height. The heat dissipator should be suspended
vertically in the cubic enclosure.

(2) There shall be no radiation sources other than the transistor under
test in the enclosure.

(3) The interior enclosure wall shall have a low-reflectance finish
(emissivity = 1.0).

(4) The transistor shall be mounted in a socket in such a manner that
conduction cooling through the leads or the socket or both shall be
small compared to the other cooling mechanisms. The transistor leads
shall be cut to th; standard length designated for socket insertion
for the base being used and should be inserted in the socket to a
standard insertion depth. No part of the socket shall extend above the
seating plane of the transistor.

(5) More than one transistor may be put in the enclosure but all must
be mounted on the same horizontal plane and shall be at least five
case-dimensions away from each other and from the walls. Only one
transistor may be energized at a time.
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The ambient temperature should be measured by means of a thermocouple \.
mounted at a distance of one-fourth the dissipator height, directly below
the center of the bottom of the heat dissipator; or in the case of lead
mounted devices, approximately 1.3 mm (0.5 in) directly beneath the device
under test.

4,2.6 Forced-Air Convection Measurements

The device manufacturer should be consulted for details.

4.3 THERMAL RESISTANCE MEASUREMENTS OF CONDUCTION COOLED POWER TRANSISTORS
4.3.1 Introductioﬁ
The thermal resistance of a semiconductor device is a measure of the
ability of its mechanical structure to provide for heat removal from the
active semiconductor element; it is an indication of the power handling ability
of a semiconductor.device. ; )
Thermal resistance is measured in terms of the temperature rise of the
transistor junction, in degrees Celsius, above a reference point, such as
case, mounting surface, or ambient, per watt of continuous dissipation, .
Thermal resistance specifications must always include the two points between ‘ ‘
which the thermal resistance value applies. The most common specifications
are:
(1) ReJC - thermal resistance, from junction to case.
2) RQJM - thermal resistance, from junction to mounting surface.
(3) ReJA - thermal resistance, from junction to ambient with the device
unattached to a heat dissipator or attached to a specified heat
dissipator.
The term virual junction temperature is here applied to multi-junction
devices to indicate the temperature of the active semiconductor element for use
in device test methods qnd_specifiéations and is used interchangeably with the

term junction temperature in this document.

4,3.2 General Considerations

In most devices, the maximum junction temperature cannot be measured directly
since the area of interest is not accessible due to packaging considerationms.
Thus, indirect means are used to infer the temperature of a specific area on the

)
chip. The thermal resistance of a semiconductor device is therefore determined ’ /.
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by the measurement of a temperature-sensitive electrical parameter of a semicon-
ductor junction within the device.

The measured thermal resistance of transistors is not constant as fre-
quently assumed, but depends on the device operating conditions, the junction
and reference point temperatures, and the temperature sensitive parameter
chosen. When specifying thermal resistance, it is therefore important to
indicate clearly the measurement method and conditions used.

In measuring the thermal resistance of a power transistor, either of
two methods may be used; one uses the emitter-base and the other uses the
collector-base forward voltage as the temperature sensitive electrical
parameter to measure junction temperature.

While both methods are equally precisé, the emitter-base forward voltage
method is the more accurate; i.e., its use results in a measured junction
temperature more nearly equal to the actual peak temperature in the chip.
Greater accuracy accrues when using the emitter-base junction because the
distribution of the forward measuring current during the power -test deviates
less from its distribution during calibration than when using the collector-

base junction.

4.3.3 Emitter-Base Forward Voltage Method
4.3.3.1 Introduction
The purpose of the test method is to measure the junction-to-specified-

reference-point thermal resistance, ReJR’ of single-element transistors.
The method uses the emitter-base forward voltage as the temperature sensitive
parameter, TSP. The method also uses an emitter-only switching mode:in which
the heating current is interrupted at the emitter during the measurement
of the TSP in the power application step. The collector-emitter voltage remains
unchanged by the interruption and equal to that used during calibrationm.
4.3.3.2 Procedure ' "

The test method involves the measurement of the TSP as part of two
steps in the procedure, the calibration and the power application steps.
In the calibration step, the TSP is measured to determine the TSP tem-
perature coefficient of the transistor-under-test. In the power application .

step, the TSP is measured to determine the increase in the junction temperature
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due to power dissipation in the transistor-under-test. ')
The temperature coefficient of the TSP is obtained by measuring the

TSP as a function of the reference-point temperature which may be varied

by externally heating the transistor-under-test in an oven or on a tempera-

ture-controlled heat sink. The TSP is measured at a specified collector-

emitter voltage and constant forward measuring current, I The magnitude of

IM selected is small enough so that the TSP decreases lintarly with increasing
temperature over the temperature range of interest.. A measuring current
ranging from 1.0 to 50 mA is generally used, depending on the rating and operat-
ing conditions of the transistor-under-test. Typically, there is negligible
internal heating during the measuring interval. In this case, the reference-
point temperature is approximately equal to the junction temperature during
calibration. ' ' ‘

The power application step of the procedure is divided into two parts.
For both parts, the temperature of the reference point is held at a preselected,
. constant value. In the first part, the value of the TSP, le’ is measured '
with the same measuring current, IM, and at the same collector-emitter voltage
used during the calibration procedure. The power dissipation during this part . '
of the test, P1 =.IB;IVBE + ICVCB’ is generally negligible in comparisop to the °

——

power dissipation, P, = IEVBE + ICVCB’ used in the second part of the power
application step. _

In the second part, the transistor-under-test is operated at higher
power, P2’ which is intermittently applied at a very high duty factor (greater
than 99 percent). The collector-emitter voltage is equal to that used in the
first part. In order to reach the higher power level, the emitter current is
increased. The value of the TSP, Vﬁz, is measured during the interval between
heating pulses (generally X 250 us) using the same constant measuring current
as is used in the calibration step. Only the emitter-base junction is
switched to interrupt heating power. ) )

To obtain the most accurate measure of the virtual junction temperature,
the TSP should be measured at the instant that the heating power is discontinued.
However, it is not possible to do this because a finite time is required for
the transistor current to decay from the heating value to the measuring value.
In addition, transients in the measuring-voltage waveform are present for
some ‘time after the measuring current value has been reached which delays
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further the time when a measurement of the TSP can be made. The transients
are primarily due to charge storage effects in the transistor-under-test. The
time before the TSP can be measured in most transistors is in the range from 5
to 100 us.

Because some cooling occurs between the time that the heating power is
removed and the time that the TSP is measured, the junction temperature value

determined from the TSP will be in error, leading to the calculation of a

'deceptively low thermal resistance. It may therefore be necessary to

extrapolate the measured junction temperature back to the time when the heating
power was terminated, based on the shape of the cooling waveform beyond the
measuring point. The extrapolated value should then be used in the calculation
of thermal resistance. The procedure fof performing this extrapolation is
described in 4.3.6.

It is recommended that in the power application step, conditions are -

used so that the junction temperature of the test ‘device is representative

of worse-case usage. Consistent with this, the reference point temperature
should be chosen so that it is at least 30°C less than the measured junction
temperature. The heat dissipator used must allow that such a temperature
difference be achieved.

4.3.3.3 Test Cireuit

Vnn/ Iy -

| i
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=

Note: To prevent oscillations in the transistor-under-test, it may be
necessary to use lossy ferrite beads on the emitter and base leads,

and to connect a capacitor between the collector and ground.
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The circuit is controlled by two coincident clock pulses with equal
widths of approximately 250 us* and a repetition rate of approximately 4 Hz*.
During the heating interval of the test cycle (between clock pulses), tran-
sistor Q is off and the current through the transistor-under-test, TUT is the
sum of the heating current (switch S closed) and the measuring current. The
heating current is furnished by the VEE supply, and the measuring current by
the VMM supply. A negative-voltage clock pulse is used to end the heating
part of the test cycle by biasing transistor Q on, which reverse biases diode
- D so that the heating current no longer passes through the transistor-under-
test. The function of the regulator (Zener) diode Z is to decrease the switch-
ing time of the transistor-under-test. The use of such a-diode is optional. If
used, however, the regulator voltage’'of diode Z should be equal to or less than
the maximum rated VeRo of the transistor-under-test. A clock pulse is also
delivered to the sample-and-hold unit, S & H. After a delay, usually § to
'100 us, the sample-and-hold unit senses the TSP, i.e. ; VMZ,'for a 1,5..."5"5
period and displays its value on the digital voltmeter, DVM. The temperature
coefficient of the TSP and the required voltage, VMC’ (for'Thc = TR) are
obtained by making the required measurements with the heating current supply
disconnected ( switch S open). A digital voltmeter should be used to measure
the power dissipation of the transistor-under-test (P = IEVBB + ICVCB) by
connecting it across the junction(s) to measure the voltage(s), and across
a suitable non-inductive current sensing resistor(s) to measure the current (s).

4.3.4 Test Conditions to be Specified

(1) Temperature sensitive parameter
(2) Junction(s) switched to interrupt heating power
(3) Case temperature range during calibration
(4) PForward measuring current
(5) Heating current '
. (6) - Collector-emitter voltage
(7) Heating power duty factor
(8) Heating power repetition rate

* Typcial_valué
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(9) Delay time before measurement of TSP
(10) Total heating time duration
(11) Reference-temperature measuring point
(12) Reference point temperature for heating power measurements
(13) Mounting torque
(14) Mounting arrangement
(15) Extrapolation procedure

4.3.5 Calculation 2£_Therma1 Resistance

To calculate the junction-to-reference point thermal resistance the
following equation is used,

T, -Tq P [AVMd]‘l

YorR = FAVE) (Py - Py)<D 2Tycjealibration
where: .
R@JR = . thermal resistange, junction-to-reference-ppint (°c/w),
T, = wvirtual junction temperature (°C),
Ty = reference-point temperature (°C),
"P(AVG)= average heating power applied to transistor causing temperature
difference TJ - TR ),
P2 = magnitude of higher heating power applied to transistor (W),
P = pagnitude of lower heating power applied to transistor (W),
iz = value of iSP corresponding to the temperature of the
junction heated by P2 (mV), _
Vi = value of TSP corresponding to the temperature of the
junction heated by Pl mv),
D = heating power duty factor,
;;Mg = temperature seﬁsitive parameter temperature coefficient measured

MC at I, (mv/°C),

calibration temperature measured at reference point (°C), and

& 8
non

value of TSP during calibration at IM and specific value of TMC(mV).
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The equation to calculate ReJR can be simplified if (1) the lower
heating power, Pl’ is equal to the power dissipation during calibration,
so that VMl = VMC (for TMC = R), and if (2) the power dissipation during
calibration is negligible so that P, I 0. The simplified equation is,

N ) ng_:vaC AV,
eJR ~ P,D

MC -1
MC calibration

Measurements of TR and TMC’ are made by means of a thermocouple attached
to the reference point. See 4.2 for information on reference-p01nt tempera-
ture measurements of conduction-cooled power transistors.

"

4,3.6 Extrapolation Procedure

The extrapolation procedure is based on the assumption that the thickness
of the heat source is small compared to that of the chip, and that for approx-
imately the first 200 or 250 us of cooling, the heat flow is essentially one )

dimensional. Therefore, the junction temperature, T 7 (Cooling)’ during the
first 200 or 250 us of cooling can be represented by: ’
- kel/2 '
T3(cooling) ®) = Ty(s.s.y) - K& (1)

where K is approximately constant and TJ(S.S.) is the steady state junction
temperature. 12

IfT (Coollng)(t) versus t is plotted on linear graph paper, the gen-
erated curve will be a straight line with T J(S.S.) as the temperature axis
intercept. Plotting this curve for an actual device also provides a means
for determining when non-thermal switching transients are significant because
the curvé, as plotted, will be non-linear under this condition.

To calculate the extrapolated value Tﬁ(S S )(t = 0), the following

expression (developed from e.g. (1)) can be used with two measurements of

TJ during junction cooling,

T2 =Tt a2

Tass)C =0 =T 7z !
1
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where:

Trs.8.) =0

J1
J2

junction temperature, extrapolated to the time at

which the heating power is terminated (°C),

delay time after heating power is terminated (us),
-]

o
t2 < tl °C).

junction temperature at time t

junction temperature at time t
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PART 5
A USERS GUIDE

5.1 INTRODUCTION

The purpose of this part is to offer to the user some general information
about different failure modes, temperature effects on transistor parameters,
and trouble-shooting. This information is not meant to be complete or exhaus-
tive, and it does not include detailed application information.
5.2 PRODUCT SAFETY

It is the responsibility of the power transistor user to anticipate the
possibility of tramsistor failure.

A transistor failure should not render the equipment unsafe for any rea-
son in terms of electrical shock, explosion, etc.

5.3 TRANSISTOR FAILURE MODES

5.3.1 Introduction

Transistor failure occurs when the transistor can.-no longer meet all the
electrical characteristics specified in the registration. There are two gen-—
eral classes of failure modes: catastrophic failure and degradation. Cata-
strophic failure occuts when at least onme of the electrical parameters under-
goes a sudden change which renders the transistor inoperable. Degradation

* occurs when at least one of the electrical parameters has changed so that it

no longer meets the characteristic specified in the registration or those
limits agreed upon by the buyer and seller.

5.3.2 Catastrophic Failure

Catastrophic failure can occur whenever the transistor is operated beyond

* the registered maximum ratings. This failure is usually manifested either by

a short circuit or an open circuit.

An open circuit is usually due to the vaporization of a part of a lead
wire electrically connecting the terminal lead to the semiconductor die and
is caused by excessive current through the wire.

A short circuit may be due to any one of a number of effects, for example,
fusing of the collector and emitter, surface arcing across p-n junctions or
adjacent evaporated leads, or "solder balls" touching adjacent metal areas.

Fusing of the collector and emitter can occur when the temperature in the
bulk becomes high enough to melt the semiconductor material. It can also occur
if the temperature at the surface is high enough to have the emitter metal-
contact alloy through the base region. In planar devices with aluminum metal-
lization, the location and lateral extent of the short circuit site usually may
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be determined by viewing the emitter metallization. The high surface tempera-
ture can result in the formation of a silicon-aluminum eutectic over the site.
This is seem as an apparent discoloration of the metallization when viewed
under a microscope.

The high temperature to produce fusing or other thermal damage may be
caused by exceeding the ambient temperature rating or the power dissipation
rating of the transistor. The area over which the fusing occurs depends on
the distribution of power dissipation within the transistor at the time the
intrinsic temperature of the semiconductor material is reached. The failure
can be the result of using an inadequate heat sink or poor circuit design
which allows a cumulative increase in power dissipation with increasing junc—
tion temperature. This thermal runaway condition can occur because of the
positive temperature coefficient of the collector current. The primary causes
for this dependence are the exponential increase with temperature of the col-~
lector junction leakage current, the exponential increase with temperature of
the emitter current for .a constant emitter junction voltage, and the increase
with temperature of the dc common-emitter current gain. When thermal runaway
occurs in germanium power transistors, it is usually due to the temperature
dependence of the collector junction leakage current. In silicon power tran-
sistors, the temperature dependences of the emitter current and gain are more
important. Thermal runaway is most apt to be a problem when the transistor is
operated in a circuit which attempts to maintain a constant emitter junction
voltage or a constant base current. )

High temperatures within a small volume of the transistor may result when
the maximum operating conditions of the transistor are exceeded. Exceeding
these conditions may allow the development of a lateral current-instability
leading to second breakdown. The current constriction of second breakdown re-
sulting from this instability can create localized junction temperatures high
enough to produce a collector-to-emitter short circuit. This can occur even
though the collector current is kept below the rated value.

The problem of inadvertant excursions beyond the limits of the registered
maximum operating conditions is gemerally more serious for high-frequency tran-
sistors.  Such transistors require greater care in their use. Greater aware-
ness of the effects of reactive loads, even of leakage inductance, is required.
A transistor operating as a vhf or uhf power amplifier may be made to fail by
detuning the associated circuitry or by abruptly changing the load impedance.
Caution should therefore be observed when selecting a transistor with a fre-

" quency capability greater than needed for the circuit function in attempting -
to achieve greater reliability. For example, this might be dome to achieve
greater radiation resistance. Then it is important to recognize the compromise
that may be made in the 8econd breakdown resistance of the transistor.

Surface arcing may be produced, especially by short rise~time voltage
transients, when the peak voltage across reverse-biased junctions exceeds the
rated voltage of the junctions involved. The are may form a conducting path
along the surface and thereby produce a short circuit. This may occur across
the collector-base junction in high voltage mesa transistors. It may also
occur along the silicon-to-oxide-passivation interface between two evaporated
leads which connect at least one p-n junction.
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High-temperature stresses may result in the formation of tin "solder-
balls" in transistors using a tin-~based alloy. After being formed, they may
be jolted loose and relocated at a site which will produce a short circuit.
Temperatures in excess of the melting temperature of tin (231°C) are believed
to be required for their formation. Among the overstresses that may produce
such temperatures is a momentary excursion into second breakdown.

While electrical or thermal overstress is usually the cause for failure,
it 1s important to recognize that physical overstress to the package can also
lead to device failure. For example, with stud-mounted packages, it is impor-
tant to use the recommended mounting torque, which is given for clean, dry
threads. Excessive torque can deform the semiconductor die mounting surface
and produce fallure especially under temperature- or power-cycling conditions.

5.3.3 Degradation

Some change in the transistor's electrical parameters with time is con-
sidered normal. Such changes can take place during storage or operation.
Degradation is defined to occur when such changes are so large that ome or
more of these parameters no longer meets the limits of the registration or
those limits agreed upon by the buyer and seller. Those parameters which are
most often found to vary are the junction leakage currents and the transistor
gain. The user may reduce such changes and hence also the possibility of deg-
radation by operating within the conditions specified by the maximum ratings,
especially for temperature-and maximum operating conditionms.

5.4 EFFECT OF TEMPERATURE VARIATIONS ON ELECTRIdAL PARAMETERS .

The electrical parameters of semiconductor devices are temperature sensi-
tive. This face should be taken into consideration whenever a parameter of a
semiconductor is being measured or is- being relied upon. In an effort to
eliminate a device temperature variation during measurements, the industry has
adopted short pulse, low duty cycle tests (usually 300 us at 1 or 2% duty cycle).
This 1s particularly necessary for measurements of power semiconductors because
of the high power levels involved during some of the measurements.

_ Some general rules of how different parameters behave with temperature.
are as follows:

(1) Icpos Igpo- Each of these parameters may be divided into two compo-
nents; the bulk and the surface leakage. In general, the bulk leakage will
double for every 10°C rise for germanium devices and will doublé for every
8°C rise for silicon devices. The surface component is rather unpredictable
but, in general, it will, increase with temperature. Since the surface leakage
is the predominant component, it is almost impossible to extrapolate the actual
leakage of a typical power tramsistor at high temperature.

(2) Vgp, Vcp- The temperature coefficient of the forward voltage for
both transistor junctions depends on the forward voltage itself and the tem-
perature. Only at the highest currents may the temperature coefficient be
positive, otherwise, it is negative. For small currents, the rule of thumb is
that the coefficient is -2.0 mV/°C.
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(3) hpg. The temperature coefficient of the transistor gain depends on
the device structure as well as on the current and temperature. Generally, the
temperature coefficient of gain is positive for all but the extreme conditions
of current and temperature where it then may be negative.

(4) V(BRr)cBO> V(BR)ERO» V(BR)CEO- In gemeral, the temperature coeffi-
cients of V(BR)CBO an v{BR)EBO are positive for silicon, and negative for
germanium transistors. The temperature coefficient of V(gr)cgp at low cur-
rents of both silicon and germanium transistors is negative. At large cur-
rents, it may be positive or negative.

(3) tg, ty, tg, tg. The effect of temperature on t, and tf varies for
different transistor types and cammot be defined. The temperature coefficients
of ty and tg are more consistent. Except for extreme operating counditioms, the
temperature coefficient of t3 is negative and tg is positive. It should be
noted that the temperature coefficient of tg is larger than those of all the
other switching parameters, which together comprise the total switching time
of the transistor.

5.5 SIMPLE MEASUREMENTS IN TROUBLE SHOOTING TRANSISTOR CIRCUITS

5.5.1 Introduction

For most people, trouble shooting is as much a part of the equipment de-
sign process as breadboarding and worst case analyses. This section will dis-
cuss briefly some of the basic tools and techniques of trouble shooting. For
the purposes of this discussion, it will be assumed the circuit is onme that
has been designed by or is of a type with which the engineer is familiar.

5.5.2 Tools

. (1) The Circuit Diagram -~ Though one feels one knows the circuit totally,
a circuit diagram is a necessity.

(2) Soldering Iron - Ideally, the iron should be transformer isolated
_ from the power line or it should have a 3-wire cord so the body of the iron
can be grounded to eliminate leakage currents to the tip. If this is not

possible, the iron tip should be periodically checked with a neon bulb for
leakage. ] . ’

(3) Clip Leads of Various Lengths - The more the better.

(4) A 20,000 Q/V Volt-Ohm Meter (VOM) - Extremely useful. Make a record of
the voltage, polarity, and short circuit current for each Ohms range position
of the VOM. .

(5) An Electronic Voltmeter - It should have a position for 0.5 volt
full scale deflection. Also, it is most desirable that it have a floating

common which will permit the unit to measure potential drops where both
points are above ground.
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(6) An Electric Hairdryer and Cold Spray - Indispensable when searching
for temperature sensitive defects.

(7) A Small Portable Radio -~ A good indicator of oscillatioms.

5.3.3 Basic Transistor Tests

(1) Go-No-Go Test - The circuit below shows a go-no-go tester for bipolar
transistors. The connections are shown for a NPN transistor. When the base
resistor is connected to the plus side of the battery, the lamp will light if
the transistor is operative; likewise, the lamp will go out if the resistor
is in the open position or connected to the emitter side of the battery.

#49 Lamp 2V
68q
VNV
6809
6VT—— O o= )T"T

(2) Ohmmeter Test - A rough but usefpl check of the condition of the
junctions may be made with an ohmmeter. First, however, the polarity of the
ohmmeter leads should be determined.

The forward- resistance of both junctions may be measured first. A normal
unit will have less than 500 ohm resistance. Reversing the leads, the reverse
resistance of the junctions may then be measured. Here, one needs to know the
battery voltages of the ohmmeter. Do not use an ohms position which entails a
battery voltage greater than 4.5 volts. A higher voltage could endanger mesa
and planar emitter junctions. The reverse leakage resistance of a normal unit

will be 500,000 ohms or greater.

Repeat ~ do not use an ohm scale that requires battery voltages greater
than 4.5 volts when measuring the reverse resistance of a junction.

5.5.4 Circuit Tests

(1) Quiescent (Q) ,Point Tests - This is basically the same routine used
in radio and TV servicing, with some refinements:

(a) Refer to the existing circuit diagram or draw one of the circuit
under consideration. Use Thevenin and Norton equivalents and write
Kirchoff loop equations passing through only base-emitter junctions to
determine the quiescent voltage (Q point) condition at each base, emitter,
and collector.
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(b) Check all electrolytics and diodes to ascertain that they have been )
inserted with the correct polarity and are operable.

(c) Apply power to the circuit. Measure the Q point voltages. Compare
each reading with the circuit calculations. Use an electronic voltmeter
if possible. If the measured voltages differ vastly from the calculated
voltages and yet ohmic tests are satisfactory, an oscillation condition

is often present.

(2) Click Test - Should the Q point measurements not show up the diffi-
culty, another technique is "elick testing". This may be done by momentarily
forcing one device or another into the cut—off condition and observing the
voltage change at the collectors of the devices in question. This is espe-
clally useful when checking out logic chains and flop~flops.

The device may be forced either by shorting the base to emitter or by '
using a 1 kQ to 10 kQ resistor (depending on the circuit) and a battery of
appropriate value and polarity. The latter method is preferred.

" When dealing with power devices, it is well to remember that transistors
seldom fail by themselves. If a defective device is found, the trouble search
should continue until ome is satisfied that all the defective elements have
been located. -

(3) Temperature Tests - When the circuit problem is one of intermittents,
drifting, or wandering, a Q point test or a test for oscillations, while the . '
circuit is temperature stressed, is worthwhile. A gun—-type hairdryer amd a A
bottle of a compressed flurocarbon.will quickly heat or cool the troublesome
circuit while voltages are monitored or signal trace procedures are followed.
This hot-cold technique is good for quickly testing the circuit under worst
conditions as well as for locating cold solder joints, poor socket contacts,
defective electrolytics, intermittent resistors, solder balls, wire scraps,
ete.

(4) Portable Radio Test and Reduced-Voltage Testing - In item (1), the
matter of oscillations was mentioned. If when making Q-point readings and the
voltages measured appear to be wildly askew and bear little apparent relation
to circult values, parasitic oscillations should be suspected. Of course, the
test leads of the VOM could themselves be responsible; however, with solid-
state circuits, this is much less likely than with vacuum tubes.

One way of checking for oscillations is to vary the supply voltage and
monitor the devices for sudden voltage changes. Quite often, since the oscil-
lations have such a large harmonic content, they may often be heard on a small
portable radio placed near the offending chassis. Used with a little ingenuity,
a radio can be a great help in fixing this sort of trouble. If the parasitic
oscillations can be heard on the portalbe radio, it may be possible to reduce
the supply voltage to the troublesome circuit until it just starts to oscillate
and then proceed with the trouble shooting routine. As the cures are effected,
the voltage can be increased until it is back to the design value. If the
oscillation worsens as the voltage is reduced, it is often a symptom of defi-
cient power supply filtering.

””) .
L
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When dealing with parasitic problems, one must remember that transistors
do not oscillate by themselves. They need power and reactive components to
make them oscillate. Search for defective or deficient filtering or bypassing.
Do not rely on the "500 uF ought to be enough" attitude. Calculate the reac-
tance of the capacitor at the frequencies of comcern and relate the values to
the circuit loads and currents. Most modern transistors have cut—off frequen-
cies that were unheard of a few years ago. Many electrolytics do not work
very well at high frequencies and may require additional bypassing with ceramic
or paper capacitors.

Long emitter leads and low-value, high-wattage wire wound emitter resis-
tors frequently cause trouble. Every reactance in the emitter circuit is
multiplied by hg, at the base and can appear as a reactive load to the pre-
ceeding stage.
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PART 6

MILITARY SPECIFICATIONS
6.1 PURPOSE AND STRUCTURE

Military specifications are prepared as procurement documents to des—
cribe various items purchased by the United States Government. Semiconductor.
devices are covered under Military Specification MIL-S~19500, "Semiconductor
Devices, General Specification for". This document contains the general re-
quirements and provisions for such things as materials, marking, formation of
lots, qualification provisions, quality conformance inspection requirements,
preparation for delivery, ete., which are applicable to all types of semicon-
ductor devices. It also references other specifications and standards which
are applicable such as MIL-STD-750, MIL~-S-19491, MIL-STD-105, etc. These are
considered to be a part of the specification to the extent specified, which
may be the entire document or a single provision such as a particular test

-method' taken from MIL-STD-202.

Particular semiconductor devigce types are covered by detail specifications
prepared under and referencing MIL-5-19500. These detail specifications bear
a MIL-S-19500/XXX number and the device types covered are shown in the title.
The body of these specifications completely describes the device in terms of

- its mechanical and electrical characteristics and ratings, and its quality and

reliability test requirements.. Also, any necessary exceptions to the general
specification are taken in the detail specification. A periodic supplement to
MIL-S-19500 is available which lists the detaill device specifications which
have been issued and have remained in active status.

6.2 OTHER SPECIFICATIONS
In addition to those mentioned above which apply only to products, a par-
ticular procurement contract or customer order may invoke the requirements of

any of several other general Government specifications issued by the DoD
agencies.

One of particular importance is MIL-Q-9858A, ''Quality. Program Require-

-ments". This requires that the contractor establish and maintain a completely

documented Quality Control System including control of design, changes, manu-
facturing processes, product test, and shipping. Another is MIL-I-45208,
"Inspection System Requirements". A Govermment Representative will usually
conduct a survey before permitting shipment against a contract which requires
compliance to MIL-Q-9858 or MIL-~-I-45208.

6.3 MILITARY STANDARDS

A number of standards may be referred to in military specifications.
These are general purpose descriptions of requirements or testing procedures
which are applicable to many classes or types of items; as such, they refer
the detailed requirements to the detailed specifications for the particular
item. These standards serve these dual purposes:
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(1) Reduce the amount of repetitious printing which would be required ‘)
if all of the procurement information about an item were included in each

detail specification.

(2) Standardize test methods and equipment, material requirements, etc.
in the interests of economy and of interchangeability of items supplied by
different manufacturers.

6.4 PREPARATION, REVISION, AND COORDINATION

MIL-S-19500 and referenced documents are revised or amended as required
to incorporate new concepts and to accomplish necessary changes. The formal
revision is handled at a joint meeting of the Military Services with invited
members of the supplier and user industry present. Suggestions and comments
from. industry associations such as EIA are given due consideration during
these meetings; however, the Services reserve the authority to make all final
decisions. Revisions of specifications is indicated by a suffix letter, e.g.,
MIL-S~19500E, where E is the revision letter. Unless called out otherwise, it
is understood that reference to MIL-S-19500 or referenced document, means the
latest revision.

6.5 MILITARY PREPARING ACTIVITIES

Naval Electronics System Command
Washington, D. C.. 20360
Attn: Code 05143, Me. C. E. Suman .

U. S. Army Electronics Command
Fort Monmouth, New Jersey 07703

Rome Air Development Center
Griffiss Air Force Base

Rome, New York 13442

Attn: EMNRB, Mr. E. J. Wojnas

Defense Electronics Supply Center
Dayton, Ohio 45401
Attn: DESC~ECS, Mr. N. A. Hauck

Note: DESC acts as agent for the preparing activity, when requested.

Each of the above agencies issues specifications for the use of its Ser-
vice. When they are issued without formal review and concurrence by the other
Services, they are referred to as "single service" or limited coordinmation
(LC) specifications, and may be recognized as such by 2 parenthetical designa-
tion following the slash number such as (NAVY), (EL) or (USAF) to indicate
Navy, Army, or Air Force, respectively.

When devices specified in LC specifications are found to be of interest
to the other Services, the specification is formally reviewed and concurrence

@
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for use by all Services is reached. The document is then revised and con-
sidered to be coordinated and the parenthetical service designator is dropped.

6.6 QUALIFIED PRODUCTS

The "JAN" brand is registered as a U. S. Government certification mark as
number 504860 by the U. S. Patent Office.

Before a manufacturer may sell products which bear the military JAN brand,
he must meet the qualification requirements of the general specification and
applicable detail specification and be approved for listing on the QPL (see
section 6.9). Qualification approval is granted by the Qualifying Activity
mentioned in the specification after the necessary tests have been successfully
conducted and reported.

6.7 QUALIFICATION APPROVAL

" 'The procedure for obtaining qualification approval is detailed in "Provi-
sions Governing Qualification" and in the DESC publication "Qualification
Information for Manufacturers". It is essential that any manufacturer who
expects to offer qualified products for sale be familiar with these qualifica-
tion procedures, and that he obtain copies of all pertinent specifications in~
cluding amendments and referenced documents before initiating testing. The .
test facilities that the manufacturer desires to use for qualification testing
must be approved by the Qualifying Activity. These facilities may be either
in the manufacturer's plant or in a commercial laboratory. If the facilities
have not been previously found suitable for qualification.testing, a list of
test facilities and other information about the laboratory must be sent to 'the
Qualifying Activity prior to a survey of the facilities. The time involved
may vary considerably depending on the completeness of the information fur-
nished, availability of qualifying activity personnel to conduct a facilities
survey, etc. .

A manufacturer who desired to qualify a product requests authorization to
conduct qualifying tests by submitting the appropriate forms. He receives
authorization to conduct the test a short time later. Qualification inspection
involves testing specific samples of units in accordance with procedures of the
agency involved and under cognizance of a government inspector. A maximum num-
ber of allowed defectives is prescribed; excessive fallures at this point are

. @ gerious setback. Under best possible conditions, testing requires at least
* 8ix weeks because of 1000-hour life tests. When the testing has been com-

pleted, the manufacturer makes a detailed report of test results to the cog-
nizant agency. If he has experienced trouble, he must explain the reasons and
outline the corrective action taken. Depending upon the nature of the trouble,
he may be required to do only a retest of the sample on the test failed, or a
complete qualification test on a new sample.

Qualification is granted two to three weeks after the manufacturer sub-
mits a satisfactory report. The total time for this process is usually four
to five months if all goes well. :

139



6.8 RESPONSIBILITY FOR TESTING

The current military specification practice places the responsibility
on the supplier for the conduct of the required qualification and quality
conformance inspection testing. The supplier is also placed under the sur-
veillance of a Government Quality and Assurance Representative (QAR) who is
assigned to cover a particular order. Equipment contractors are permitted to
request Government Procurement Quality Assurance (PQA) action at subcontract
level on items which they purchase for use in military equipment. Govermment
inspection at subcontract level can only be contractually required when
authorized by the equipment contractor's QAR.

6.9 QPL LISTING

A "qualified" item of a supplier is placed on a continually updated
"Qualified Products List" (QPL) which is used by the Govermment and by its
contractors to determine the eligible suppliers of a particular item covered
by a military specification. If a supplier is not listed on the QPL for the
desired item, he will ordinarily not be solicited for bids to supply the item.
An exception to this status occurs when the Military Qualifying Activity has
" advised a supplier that his product has passed the qualification testing pro-
cedure, but he is not yet listed for the item because of QPL revision and
printing time. 1In this case, he may publicize his qualifications, accept
orders for the item, and proceed with acceptance testing using his authori-
zation from the qualifying activity as evidence of his qualification status.

6.10 APPLICABLE REVISION AND ORDER OF PRECEDENCE

In Government procurement practice, the issue of a military specifica-
tion or standard which is in effect on the date of invitation for bids for
an item is considered to apply to the resulting contractor order for the
item.

It should be noted that this practice applies to all referenced documents
as well as to the detail specification. Because the different documents are
revised independently, it is occasionally found that conflicting requirements
exist in the detail specification and reference documents. These cases are
ultimately resolved by revision of the detail specification but, in the interim,
relief is usually afforded by means of suitable interpretation by the preparing
activity for the detail specification (listed in 6.5 above). Such interpreta-
tion may be requested when the question cannot be resolved by considering the
order of precedence of the documents involved, which is:

(1) The contract :or purchase order. Its requirements take precedence
over all others except as limited by the JAN branding provisions of MIL-S-19500.

(2) The detail specification for the item.

(3) The general specification for the item.

(4) The referenced documents.
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6.11 MILITARY SPECIFICATION FORMAT

Though each component category will have its unique requirements, most
specifications follow similar patterns whether they are prepared as a
"general" or as a "detailed" specification. Format guidelines, policies,
and procedures are strictly governed by Defense Standardization Manual
4120.3-M (formerly M200). Because some "detailed" specifications can become
rather lengthy, the front page is devoted to giving a summary of the device's
maximum ratings and primary characteristics. This provides the potential
user with a quick check list to determine if the devices covered therein can
be applied to his circuit design. DESC-ECS (see address in 6.5) has avail-
able, upon request, limited quantities of "detail" specification formats
covering the more common semiconductor devices such as low power transistors.
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