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Conventions Used in Presenting Technical Data
Nomenclature for Semiconductor Devices According to Pro Electron

The part number of a semiconductor device consists two letters followeskebglanumber.

Thefirst letter indicates the material used for the active)

470

Material

part of the device.

A

C

R

GERMANIUM
(Materials with a band gap 0.6 — 1.0 éV)

SILICON
(Materials with a band gap 1.0 — 1.3 V)

GALLIUM-ARSENIDE
(Materials with a band gap > 1.3 e¥)

COMPOUND MATERIALS
(For example Cadmium-Sulphide)

Thesecond letterindicates the circuit function.

A I @ mmooOnO w >

—

1

DIODE: detection, switching or mixer
DIODE: variable capacitance
TRANSISTOR:low power, audio frequency
TRANSISTOR:power, audio frequency
DIODE: tunnel

TRANSISTOR: low power, high frequency
DIODE: oscillator and miscellaneous
DIODE: magnetic sensitive

HALL EFFECT DEVICE:
in an open magnetic circuit

TRANSISTOR:power, high frequency

HALL EFFECT DEVICE:
in a closed magnetic circuit

PHOTO COUPLER

DIODE:radiation sensitive

The material mentioned are examples

Function

Serial number

DIODE: radiation generating

THYRISTOR: low power

TRANSISTOR: low power, switching
THYRISTOR: power

TRANSISTOR: power, switching

DIODE: multiplier, e.g., varactor, step recovery
DIODE: rectifying, booster

DIODE: voltage reference or voltage regulator,
transient suppressor diode

N < X Cc 4 »n

Theserial number consists of:

® A three-digit number from 100 to 999 for devices
primarily intended for domestic equipment

® One letter (Z, Y, X etc.) and a two-digit number from
10 to 99, for devices primarily intended for pro-
fessional equipment

A version letter can be used to indicate a deviation of a
single characteristic, either electrical or mechanical. This
letter never has a fixed meaning. The only exception
is the use of the letter R, indicating reversed voltage
(e.g., collector to case).

The code for semiconductors given above is used only for
parts which are registered Rto Electron. Some types
have designation code (JEDEC):

IN two-digit to four-digit number indicates a diode

2N two-digit to four-digit number indicates a
transistor
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Polarity Conventions

The voltage direction is given

tive (conventional current direction) or if the charge of the
carriers moving against this direction is negative.

The numerical value of the current is negative if the

® by an arrow which points out from the measuringharge of the carriers moving in the direction of the arrow

point to the reference point

or

® Dby a two-letter subscript, where the first letter is th

is negative or if the charge of the carriers moving against
this direction is positive.

dhe general rules stated above are also valid for alter-

measuring point and the second letter is the referenr&@t!ng quantities. Once the direction is selected, it is

point.
A A
Vi VaB V2=-V1=Vpa=—VaB
B B 94 9315
Figure 1.

maintained throughout. The alternating character of the
guantity is given with the time dependent change in sign
of its numerical values.

Polarity conventions for devices with three or more
terminals

The following rules are valid:
Current arrows are always directed towards the device.

\oltage arrows are selected according to the basic confi-
guration, i.e., the common electrode for the input and the
output is chosen as the reference point.

Example: NPN transistor in common-emitter, common-
base and common-collector configuration (figure 3)

The numerical value of the voltage is positive if the poten-
tial at the arrow tail is higher than at the arrow head;
i.e., the potential difference from the measuring point (A)
to the reference point (B) is positive.

The numerical value of the voltage is negative if the
potential at the arrow tail is lower than at the arrow head;
i.e., the potential difference from the measuring point to
the reference point is negative.

In case of alternating voltages, once the voltage direction
is selected, it is maintained throughout. The alternating
character of the quantity is given with the time-dependent
change in sign of its numerical values.

The current direction is shown with an arrow head drawn
on the line (figure 2).

95 11216
Figure 2.

The numerical value of the current is positive if the charge
of the carriers moving in the direction of the arrow is posi-

Vce
VBE
Ig l\ v
95 10138
IE
IB
VEC
Vic
Ic L
9510139
13 Ic C
VEB Vce

95 10140

Figure 3.
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Transistor Equivalent Circuit

Transistor characteristics can be explained with a%ce=gee+j X ® X Cee
equivalent circuit whose circuit elements (in contrast tgnd

four-pole coefficients) are considered constant over a

wide frequency range. These parameters are highly bi#s= 1 + (Ype + Ypc) l'bp’

and temperature-dependent, therefore, the static congli possible to obtain the y-parameters (admittance coef-
tions must be known completely.

ficients) in common emitter configuration:
The hybrids equivalent circuit developed by Giacolleto 1

is a useful representation of certain transistor type&e = Yiie = 3 (Yoe + Y1

because its parameters may be considered to be

frequency-dependent (such as f < G) f Yo=Y = _1« Y,
re e A 'c
With
Ype = g)ye+j X W X Cpe Y = Yoe= %(gm - Yb’c)
Yoc=Gc*] X w X Cpc Yoe = Yo = % X oy X Yo (@mYyo) + Yo + Yee
Cobrc 9510141

Figure 4.
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Arrangement of Symbols

Letter symbols for current, voltage and power As subscripts, upper case letters are used for the designa-
tion of static (dc) values, while lower case letters are used

(according to DIN 41 875, sheet 1)
A system of basic letter symbols is used to represefﬁtr the designation of small-signal values.

current voltage and power. Capital letters are used for tiemore than one subscript is usedghhye), the letter
representation of peak, mean, dc or root-mean-squaymbols are either all upper case or all lower case.
values. Lower case letters are used for the representat

of instantaneous values which vary with time, {Pthe subscript has numeric (single, double, etc.) as well

as letter symbol(s) (such asih or vy, the differenti-

As subscripts, capital letters are used to represent contimation between static and small-signal value is made only
ous or total values while lower case letters are used ltg subscript letter symbols.

represent the varying values. Table 1 summarizes t

; Eﬁher guantities (values) which deviate from the rules
rules given above.

above are given in the list of letter symbols.

Table 2 summarizes the application of the rules given

Table 1. above.
Basic Letter
Lower Case Upper Case Table 2.
Instantaneous Maximum (peak), .
values which average (mean) Basic Letter
vary with time continuous (dc) or root- Lower Case Upper Case
mean-square (RMS) values | Electrical parameters | Electrical parameters of ex-

inherent in the semi- |ternal circuits and of circuits

Subscript(s)
Lower Case Upper Case
Varying component Continuous (without signal)
alone, i.e., or total (instantaneous, aver-

instantaneous, root- | age or maximum) values
mean-square, maxi-
mum or average value

5

Letter symbols for impedance, admittances, four-pole
parameters etc.

For impedance, admittance,

conductor devices ex-
cept inductance and

in which the semiconductor
device forms only a part; all

capacitance inductance and capacitance
Subscript(s)
Lower Case Upper Case
Small-signal values | Static (dc) values

Examples:
Ra

four-pole parameteGenerator resistance

etc., upper case letters are used for the representation_of

external circuits and of circuits in which the device is onl

P .
a part. Lower case letters are used for the representat%ﬁ""er gan

of electrical parameters inherent in the device.

These rules are not valid for inductance and capacitan
Both these quantities are denoted with capital letters.

hre

C forward current transfer ratio in common emitter con-

e, .
iguration

r

p
Parallel resistance, damping resistance
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Example to Use Symbols According to DIN 41 785 and IEC 148

a) Transistor

- Ic dc value, no signal
lcav Average total value
AC value lemile Maximum total value
lceEFF RMS total value
—— Icilcerr RMS varying component
lcaw _ICM;IC Maximum varying component value
Collector ic Instantaneous total value
current ic Instantaneous varying component value

The following relationships are valid:

'c Icm = lcav + lem
ic=lcav *ic
937795  Without signal  with signal t —— ™
Figure 5.
b) Diode
VE
VEsm /\
VERM
VEwm VE Forward voltage
VR Reverse voltage
VEsM Surge forward voltage (non-repetitive)
. — VRsm Surge reverse voltage (non-repetitive)
0 \ \ VERM Repetit!ve peak forward voltage
VRRM Repetitive peak reverse voltage
t - VEWM Crest working forward voltage
VRWM Crest working reverse voltage
VRWM A
VRRM V
VRsm
VR 937796
Figure 6.
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Symbols and Terminology Cob , _
Short-circuit output capacitance in common-base

AQL configuration
Acceptable Quality Level (see chapter ‘Quality Data’) 1
B. b Cop = Cop = ]E X Im (yob)
Base, base terminal
C Coe

' C _ Short-circuit output capacitance in common-emitter
Collector, collector terminal configuration
c 1
Capacitances Coze = Coe = e Im (Yoe)

Equivalent Circuit’) shows the different capacitances irf°ss . . , .

a transistor. In addition, there are capacitances betwe Htput capacitance in common-source configuration
terminals, inside as well as outside the case. All the§gsg

capacitances play an active role, first at high frequenciéseedback capacitance in common-source configuration
Here, the actual operating capacitances are important, %._I_t

not the equivalent circuit capacitances. They can lgér‘]r

The transistor equivalent circuit (see chapter ‘Transist%

explained best with y-coefficients.

G
Short-circuit input capacitance, G= G

An imaginary part of short-circuit input admittance

y11(=y;) divided by a factor x o

The values of capacitances are circuit-configuratio
dependent; therefore, a further subscript e, b or cis add_eé

to designate the orientation.

Cib

Short-circuit input capacitance in common-base
configuration

Cip=Cyp = J% X 1m (y;)

Cie
Short-circuit input capacitance in common-emitter
configuration

1
Cie=Cie = JE X Im (yie)
Cissgl
Gate 1 input capacitance in common-source
configuration

Cisng ] ] )
Gate 2 input capacitance in common-source
configuration.

An imaginary part of short-circuit output admittance

Y22 = Yo, divided by a factor (X w), Coo=Co

Co
Short-circuit output capacitance

ort-circuit reverse transfer capacitance
An imaginary part of short-circuit reverse transfer admit-

tance y1=yy, divided by a factor (¢j), Cyr = -Ci2= -G
Cirb
Feedback capacitance in common-base configuration

(= —Crb)
= Cyp = 1y Im (V)
12b urb j(D rb,

C[]re
Feedback capacitance in common-emitter configuration

(=-Ge)

—Cize = Ciyre = ji(k) X Im (yre)
There are additionatapacitancesgiven in data sheets.
These are the result of direct measurements given below.

Ccs
Capacitance between collector and base without parasitic
capacitances

Cceo
Capacitance between collector and base with open

emitter
It can be measured by applying reverse bias to its
terminals.

The following relationship is also valid:
Ccro = Coe = Cyp

(Different configurations, but approximately the same
values)

Ces
Capacitance between emitter and base without parasitic
capacitances
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Ceso Job

Capacitance between emitter and base with an op@®utput conductance in common-base configuration,

collector short circuit at input g, = Re (yp)

Measurement is made by applying reverse bias to its

terminals. Yoe . . , .
Output conductance in common-emitter configuration

The following relationship is also valid: short circuit at input g = Re (e

Cepo = Cie = Gy pr

Power gain in common-base configuration
(Different configurations, but approximately the same

values) pe o . ] ]
Power gain in common-emitter configuration
C

p

Parallel capacitance, case capacitance 9 o
Short-circuit reverse conductance

E,e

Emitter GV. .
Unilateral gain

EL h

Inductive energy FE . :
DC forward current transfer ratio in common emitter

f configuration

Frequency

It is the ratio of the collector currenfg,Ito the base
fé’ it current, g, for specified values of = and t

ut-off frequenc

q y It is also denoted by the letter B.

hfe
Short-circuit forward current transfer ratio in common
The frequency at which the modulus of current amplificaemitter configuration (small-signal value)
tion factor (ke) has decreased to 0.707 times of its lo
frequency (1 kHz) value.

fhte
hre cut-off frequency§ cut-off frequency, )

V}qfeis the ratio of the alternating collector curregtio the
alterning base currenty,ifor small signals with output
fr being short circuited to ac.

Gain bandwidth product, transition frequency Itis also known ag

The product of the modulus of the common-emitter _ . o .
small-signal short-circuit forward current transfer ratiol” technical data sheets, this parameter is given with a

and the frequency of measuremayt f 1 kHz sine wave for a specified operating point. This

This frequency is chosen such thatis decreasing at a guantity is also known as current amplification factor.
slope of approximately 6 dB per octave. The associatgg

angular frequencyT = 2 X n X fyis defined as the re- DC base current

ciprocal value of transit time minority carriers through

. |
the base region. BM
9 Peak base current

Oi
Short-circuit input conductance lc

DC collector current
dib

Input conductance in common-base configuration, shdgBo . .
circuit at output g = RE (y) ollector cut-off current with open emitter
Cut-off current is the reverse current which flows through

Jie . . i

Input conductance in common-emitter configurationt,r.1e Junction(s) (base-emitter or base-collector) of a tran-

short circuit at outputig= Re (Ye) sistor when reverse bias is applied across its terminals, the
! ¢ third terminal being open-circuited or otherwise speci-

Y% fied. It is also known as leakage current.

Short-circuit output conductance
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Collector-base cut-off currentcgo, and collector-base Collector cut-off current,des= Icgs and collector emit-

VcBo, With open emitter, i.e.gl=0 A

Iceo
— -

VcBo

95 10142

Figure 7.

Iceo
Collector cut-off current, with open base

Collector-emitter cut-off current,cko, and collector-
emitter voltage, ¥eo, with open base (i.eglk= 0A)

Iceo

Vceo
95 10143

Figure 8.

Icer
Collector cut-off current with a resistorgR connected

between base and emitter
Collector-emitter cut-off current,ckr and collector-

ter voltage, Ves = Vces with base emitter short

circuited
Ices=IcBs
+
Vces=
VcEes
95 10145
Figure 10.

lcev

Collector cut-off current with reverse base-emitter
voltage

Collector-emitter cut-off current,cky, and collector-
emitter voltage, ¥gv when the applied voltage between
base and emitter is reverse biased

Icev

Vcev
+ VEB

95 10146
Figure 11.
lceEx

emitter voltage, ¥er having resistance connectedcgyiector cut-off current with forward base-emitter
between base and emitter. The appropriate valugef Rvoltage

referring to \egrand keR is also given in the technical

data sheet. For higher values @gfgRthe values of ¥go
and kgpare valid.

Icer

VCER

95 10144

Figure 9.

Ices

Collector cut-off current, short circuit between base and

emitter

Collector-emitter cut-off currentckx, when the applied
voltage between base and emitter is forward biased

The value of the base-emitter voltagesgyis selected
such that no appreciable base current flows.

Icex

L

VBE

95 10147

Figure 12.

Issue: 11.95



TEMIC

TELEFUNKEN Semiconductors

lem Piotis the dispersion of the heat generated within a device
DC collector peak current when a current flows through it. The allowable power dis-

: : : . Sipation, which is specified under absolute
Icm is the maximum collector current with a sine wave b ot max P

operation, £ 25 Hz, or pulse operationzf25 Hz, having gaXImngnrzténf%ib Ivsvs? function Ofrfax, Tamb Rthjaand
duty cycle §/T < 0.5. thicd :

Tima— T
le . Pootmax (@Mb) = %amb
Emitter current thiA
lEBO or
Emitter cut-off current with open collector
P (Case)— ijax_Tcase
Emitter-base cut-off current,ggo, and emitter-base  otma " Rusc

voltage, \Ego, with open collector, i.e.cl=0 A N o ]
In addition, power dissipation is limited in certain cases

leso through safe operating areas given in data sheet.
Py
+ Power dissipation, general
—_ b |
Vego Basic intrinsic resistance
Ree
Resistance connected between base and emitter
9510148
. '
Figure 13. DC forward resistance

I It

Input current Differential forward resistance

Ik Re

Short-circuit current Generator resistance

|Q fi

Output current Input resistance

Is RL

Supply current Load resistance

K 'p

Kelvin Parallel resistance, damping resistance

| 'q

Length, connecting lead length Output resistance

Ls Rihoa

Series inductance Thermal resistance, junction ambient

Ma Rihac

Tightening torque Thermal resistance, junction case

P T

Power Period

P T

Input power Absolute temperature, Kelvin temperature
0 K =-273.18C, unit: K (Kelvin)

Pg, PQ

Output power t
Time

Prot

Total power dissipation
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T t

p
Temperature, measured in centigrade, dait{Celsius)  Pulse duration
Tamb E
Ambient temperature T

If self-heating is significant, ghp is the temperature of Duty cycle
the surrounding air below the device under conditions ?f

thermal equilibrium. rooo . -
a Rise time, see chapter ‘Switching Characteristics’

If self-heating is not significant,gf,pis the air tempera-
ture in the immediate surroundings of the device. by .
Reverse recovery time
ts
Storage time, see chapter ‘Switching Characteristics’

Tamb
Ambient temperature range

As an absolute maximum ratinganjp is the maximum

permissible ambient temperature range. sd
Soldering temperature

Tcase

Case temperature Maximum allowable temperature for soldering with spe-

cified distance from case and its duration, see chapter
The temperature measured at a specified point on the c&séldering Instructions’

of a semiconductor device

Unless otherwise stated, this temperature is given as tg%g

temperature of the mounting base for transistors withiC'ad€ temperature range

metal can. The temperature range at which the device may be stored
or transported without any applied voltage

}gelay time, see chapter ‘Switching Characteristics’ VgB

. Base-supply voltage

Fall time, see ‘Switching Characteristics’ VgE

t Base-emitter voltage

Forward recovery time VBEsat

T, Base-saturation voltage

Junction temperature The base-emitter saturation voltagesg¥y; is the base-

génitter voltage which belongs to the collector-emitter

The spatial mean temperature which the junction h .
saturation voltage ¥esat

acquired during operation
In the case of the transistors, it is mainly the temperatuggg,
of the collector junction because its inherent temperatupteakdown voltage

IS maximum. . . . .
Reverse voltage at which an increase in voltage results in

Tk a sharp rise of reverse current

Temperature coefficient Breakdown voltage is given in technical data sheets for a

The ratio of the relative change of an electrical quanti§Pecified current.
to the change in temperatumt) which causes it under Vggrycgo
otherwise constant operating conditions Breakdown voltage, collector-base, open emitter

T _ _ . V(BR)CEO
Connecting lead temperature in holder at a distance,Bieakdown voltage, collector-emitter, open base

from case ;
Measurements with pulsed current-collector source

toff

Turn-off time, see chapter ‘Switching Characteristics’ The test circuit shown in figure 14 is connected to a

switched-off inductive load. It is set in breakdown posi-
ton tion until the storage energy during switch-on has been
Turn-on time, see chapter ‘Switching Characteristics’  discharged; that is, until the ramp-shaped pulse current
inflow at the collector has reached its zero value.
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94 8863

o . lc
Vs, = 10 V I measure
3 Pulses V(BR)CEO
t
P
==0.1
T 0
t, = 10 ms
Figure 14.
| Ic A Second breakdown Onset of second breakdown
c
A
\
Is Vce
VBE
First breakdown
le
95 10246
V cEOmax V(BR)CEO V(BR)CEV Vce

=~V (BR)CBO

Figure 15. Typical voltage breakdown behaviour of a power transistor

Absolute maximum ratings of ¥r)ceoare defined with  Vcg
the test currentds; where the transistor has its lowestCollector-base voltage

breakdown voltage value.
Vceo
Breakdown voltage and collector inductance are dime@ollector-base voltage, open emitter

sioned in such a way that the load of breakdown energy o .
) . i enerally, reverse biasing is the voltage applied to any of
is below the value of transistor failure.

two terminals of a transistor in such a way that one of the
V(BR)CEV junction operates in reverse direction, and the third termi-
Collector-emitter breakdown voltage at a defined reversel (second junction) is specified separately.
voltage between base and emitter

Vee
V(BR)EBO Collector-supply voltage
Breakdown voltage, emitter-base, open collector Vee
V(BRrR)ECO Collector-emitter voltage

Breakdown voltage, emitter-collector, open base
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Vceo
Collector-emitter voltage, open base A
| Veg=0
VCER ¢ '
Collector-emitter voltage with a resistogiRconnected
between base and emitter : Ig is given
Vees . . . given lc— !
Collector-emitter voltage, short circuit between base and !
emitter .
dB
VCEsat '
Saturation voltage, collector-emitter ,
The collector saturation voltage is the dc voltage between -
the collector and emitter for specified saturation = Vee
conditions. 95 10197 VCEsat CE
Saturation voltage ¥esadS given:
- Figure 17.
a) for a specified value ofc)] where the base-
emitter voltage equals the collector-emitterc) for a specified value ofclon the characteristic
voltage, i.e., ¥g=0V curve (k is constant) which intersects the curve
point Ic'= K I¢ (K = 1.1) and a specified value
A of collector-emitter voltage (Ve = 1 V)
Ic Veg=0
! A
Ic
given lc— f / Ig is given
' Ic
D given lc
Il /
9510196 VCESat Vce
. 95 10198 Vcesat Vce=1V Vee
Figure 16. a
b) for a ;pecifigd vglue.ofcl and B, where thg Figure 18.
operating point lies in the saturation region,
i.e., Vce< VcB V CEsatHF
Collector-emitter HF saturation voltage
Vcev
Collector-emitter voltage, with reverse base-emitter
voltage
VEBO

Emitter-base voltage, with open collector

Issue: 11.95 13
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VR Calculated, Bt maxshould correspond with the maximum
Reverse voltage allowable operating range as shown in figure 19.

\Voltage drop which results from the flow of reverser

current. o
] ) Efficiency
An external voltage applied to a semiconductor PN or NP

junction to reduce the flow of current across the junctioFs

and thereby widen the depletion region Storage time constant

Vs u

Supply voltage New type

Vit o0

Voltage due to temperature Av%Hable as quality-tested device
X

Thermal impedance, pulse load 2

To determine the maximum power dissipatiogsFax of S

a transistor by repetitive rectangular pulse operation, & DC

calculation is as follows: Y — il
o
L T

T'M - Tcase <] "
= LU 3] 0.2 L Li—
Zye g [or LA
where 3 o01[005—]
N T 0.024

ijax = tjM = § /‘/\
g -7 0.01

maximum (crest) allowable crystal temperature by N 0.01 \ ‘ ‘ ‘

repetitive pulse operation, Ng 0.01 o1 1 10 100

ijax — Tease 95 9918 tp — Pulse Length (ms)
Pom = -z
thP
. . Figure 19.
Zinp = thermal impedance, pulse operation,
tp
Tasa parameter
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Switching Characteristics

By using a transistor as a switch, it has to be kept in mifiche transient responses as shown in figure 20 with respect
that in the transition from off-state to on-state the sign&b figure 19 are given as follows:

does not respond instantaneously even with abrupt

changes in control values. The output signal is not on9 delay time
delayed but also distorted. These switching characteris- rise time
tics are explained by looking at an NPN transistor. ton(tg+14)  turn-on time
Figure 20 shows the basic circuit. e storage time
I
C t fall time
1 R toff (ts + &) turn-off time
_ R
2 ° I : These switching characteristics depend on the transistor
. Vee . type and the circuit used. They are only valid if the slope
of the control pulse is much greater than that of collector
'T T - current pulse. If the saturation factor is higher, turn-on
* i 95 10149 time is shorter, and turn-off time is longer. Turn-off time

is shorter if the on-off base current ratio is higher.

Figure 20.

On-off base current ratio, 8, the ratio between the turn-
The input (i.e., base curreng) iand output (i.e., collector off base currentgb, to the base current,

current, ) signals, are shown in figure 21.

IBO -

lc

hFEO
A 95 10257 needed to drive the transistor to the saturation region
' Switch position Veg=0 V.
2 1 2 a=_=_hFEOXIBZ
lc
1 Saturation (overdriving factor 0) is the ratio between the
minimum value of the base currerg | to the base cur-
0 t  rent needed to drive the transistor to the saturation region
VCB =0V
—lB2
lgo = le
A B ™ heeo

lc

1.0

0.9

0.1

0 -
— - t

— - — it
—» toy reE— — o —

Figure 21.

le

. hego X 1
U= FEO Bl

Issue: 11.95
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With a given saturation factor U, on-off base current rati®@witching Characteristics of High
a, transistor type, on-state)(and storaget§) time Transistors
constants, the following conditions for switching charac-

teristics are valid: RL
. U-0.1
t,=1tXIn (U—O.Q) o
—> TUT
tr=1tXxIn (gi 8?) <_|BZ Vee

a+

u 95 10150
a+1

tszrsxln<

Voltage

Figure 24. Basic circuit for resistive load

25
a=0 / L
20 // L
= 0.5 /1
¥ / Is1
S s / — —
= ' 2 | —
5 /3 - I Vce
< // Ig2 ——
\E 1.0 d I Cs VCIamp
< / |
/ /// 5
0.5 ’// _— 9510151
%// 10
0 " Figure 25. Basic circuit for inductive load
0 2 4 6 8 10
95 10247 u
) # Vce=Vce Ic
Figure 22. |
I Il
2.5
Ice
aq 20
o o
18 v ! I
:'\_: E 15 CEsat
(o]
;I' 3 95 10152 t——
=N
ZZ 10 \ Figure 26. Typical current and voltage with resistive load
£ c
0.5
N
SN—_ A
c
0 Ice
1 3 5 7 9 1 Vce=Vce
0 2 4 6 8 10 Vclamp
95 10248 U,a
Figure 23.
/ —— with Cg

95 10249

t

Figure 27. Typical current and voltage response with inductive

load
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Ig1

Is2

IB1

IB2

Figure 28. Typical driving conditions for resistive load and

tg .t — Switching Times

HHj—t’

di / o

inductive load

= Super-saturation
— with anti-saturation circuitry

\

Ic=Icopt

IB2 opt
Ig1 = constant

tf

\_/

95 10251

Figure 29. Typical switching responses at different driving

-
|

IB2

conditions

VCE sat dyn

95 10153

> o e

QE

Figure 30. Anti-saturation circuitry (baker clamp)

95 10252

Vces= 1500V

Vces= 1000V

Vces= 500V

t

Figure 31. Typical switching-on response (dynamic saturation)
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Mounting Instructions
Finally, high-power devices require special heat sinks.

General _ _
The cooling effect can be increased further by the use of
Semiconductor devices can be mounted in any positiogpecial coolants or air blowers.

If the diameter of the terminal leads is less than 0.5 m . . L
ﬁlége heat generated in the junction is conveyed to the case

it header by conduction rather than convection. A mea-
re of the effectiveness of heat conduction is the inner
ermal resistance or thermal resistance junction-case,
16 the value of which is governed by the construction
of the device.

semiconductor body (header). Bending should

avoided if the thickness is greater than 0.5 mm. Wh
semiconductor devices are mounted near those com
nents with high heat generation, consideration should

given to high ambient temperature.
. . Any heat transfer from the case to the surrounding air in-
SOIde”ng Instructions volves radiation convection and conduction. The

Semiconductor devices should be protected against ovBfectiveness of transfer expressed in terms of @R
heating due to soldering. It is recommended to keep tMglue, i-e., the external or case-ambient thermal resis-
are kept as long as possible and to solder only at the dagce. The tqtal thermal resistance junction ambient is
of the terminal. Otherwise, precautions should be tak&@nsequently:

for heat transfer. Riua = Riue + Rinca

The junction temperature of a semiconductor device M&Y e total maximum power dissipationgfhay of @ semi-
exceed the maximum absolute junction temperature for =, oL expressed ;s fca)ll)i’OWS'
a short time (a maximum of one minute), such as@10 '

ijax - Tamb _ ijax - Tamb

for germanium and 20C for silicon devices.
RthJA RthJC + RthCA

Ptot max —
Table 3 shows the maximum soldering iron (or solder

bath) temperatures are permissible. where

Heat Removal

To maintain the thermal equilibrium, the heat generat

in the semiconductor junction(s) must be removed to thHemb
ambient. highest ambient temperature likely to be reached under

ne most unfavorable conditions

Timax
Jaximum junction temperature

. . t
For low-power devices, the natural heat-conductive pat
between case and surrounding air is usually adequate for
this purpose.

Table 3.
Iron Soldering Dip or Flow Soldering
Iron Soldering Max. Soldering Soldering Max.
Temperature | Distance from | Allowable Sol-| Temperature | Distance from | Allowable Sol-
the Case dering Time the Case dering Time
Metal <245C 1.5to 5mm 5s <245C >1.5mm 5s
case < 245C >5mm 10s
245 to 350C >5mm 5s 245 to 300C >5mm 3s
Plastic <245C 2to 5 mm 3s <245C >2mm 3s
case < 245C > 5 mm 55 245 to 300C > 5 mm 2s
23A3
DIN41869 <250°C - 10s <25C0°C - 10s
(SOT 23)
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Rihac _ o
thermal resistance, junction-case 100

Rihaa _ o _ N\
thermal resistance, junction-ambient

Rihca
thermal resistance, case-ambient (the value depends o
cooling conditions)

RthCA ? Kiw )

If a heat dissipator or sink is used,& depends on the
thermal contact between case and heat sink, heat propaga-
tion conditions in the sink, and the rate at which heat is
transferred to the surrounding air.

Plate thickness : 2 mm

Therefore, the maximum allowable total power dissipa-

. : . i . 10 100 1000
tion for a given semiconductor device can be influenced

only by changing Impand Rnca. The value of cacan 7% a(mm)

be obtained either from the data of heat sink suppliers or Figure 33.

through direct measurements.

When using cooling plates as heat sink without optimurlr:rxamf:’Ie

performance, the following approach is acceptable. For a silicon power transistor withfax = 150C and
The curves shown in figures 32 and 33 are given fé#hIC= S K/W, a 2 mm aluminium square sheet is used in
thermal resistance,gia, by using square plates of alu-2 horizontal arrangement. The maximum ambient tem-
minium with edge length, a, but with different thick-Perature is 5TC and the maximum power dissipation is
nesses. The device case should be mounted directly on Fpsmax = 8 W.

cooling plate. Calculate edge length of the square plate.
The edge length, a, derived from figures 32 and 33 form _ Timax = Tams
given Rpca value must be multiplied with andp: Cm Rige + Rinea
a’=a><B><oc T'max_Tam
Rinca = Jp—b — R =
where o
o = 1.00 for vertical arrangement %—SOC/W = 7.5 K/W
a = 1.15 for horizontal arrangement
f) =1.00 for br|ght Surface AT = Tcase_ Tamb can be Calculated from

[ = 0.85 for dull black surface
ijax - Tamb _ Tease — Tamb

P = =
100 ! i fotmex Rinc + Rinca Rinca
I
_ RthCA (ijax_Tamb)
\ Tcase_Tamb - R FR
— ‘ § AT = 10°C thJC thCA
E 60°C ‘ N\ i o
2 12050)\\ 30°C _ 7.5C/W (15CC-50C) _ .
< 10 N 5 K/W + 7.5 K/W
g \k\\
x \g With Rinca = 7.5 K/IW andAT = 60°C, plate thickness =
7 2 mm. Therefore, the edge length a = 90 mm. This value
should be multiplied withoe = 1.15 due to horizontal
Plate thickness : 0.5 mm arrangement.
1 Lo Hence, the actual edge length = 105 mm.
1000
10 100 For a given plate sheet length, the allowable power
94 7834 a(mm)

dissipation should be first calculated with a suppdsgd
Figure 32. The result should be corrected then with the acttal
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Maximum Operating Range for C
Power Transistors

To avoid the destruction of power transistors, certain

maximum ratings must be observed. These ratings define
a safe operating area, as shown in figure 34 for both
steady and pulse state conditions. They are valid only for
power transistors operating with thermal stability and a

specified case temperature.

As shown in figure 34, the safe operating area is limited
for forward operation conditions by the four maximum
ratings explained below:

A Maximum steady collector current
By exceeding this value, there is a possibility of
chip destruction or melting of the connecting
wires inside the device.

B Maximum power dissipation due to thermal re-
sistance, Ryc and junction temperaturejmby

For steady operation, the producgg/x Ic is
constant; therefore, the curve has a slope of
135°C in double logarithmic scale as shown in

figure 34.
A
| o
¢ Pulse Limitations
lcm max. (PeakCurrent)
........... it s =S G
M -~ > ~ > . ]
~ . ~ ‘~ ]
|C max S S Y
A ~ ] Lo
*S :VCEo—LImIt
N v
)

-
&'

-
-

Maximum rating against second breakdown

Is due to current concentration which results in
hot spots, and therefore, localized melting of the
crystal near or at the narrow base width, if the ap-
plied energy, i.e., voltage, current and time,
exceeds a critical value. These hot spots occur ei-
ther at the edges or in the middle of the base
according to whether the emitter junction is for-
ward or reverse biased.

The energy required for the second breakdown is
considerably lower in the case of reverse-biased
emitter junction (as compared to forward-biased
emitter junction) because the current concentra-
tion takes place in a very small area.

The allowable power dissipation decreases with
increasing voltage. Therefore, the slope of the
corresponding curve is less than 435

Maximum steady collector voltage
By exceeding this value, there is a possibility of
avalanche breakdown.

It is possible to extend the safe operating area
(dotted curves) by pulse operation as shown in
diagram. Even in this case the maximum allow-
able energy must lie within the specified value.

95 10253

Second Breakdown Limit

[ JRangel:DC
[_1Range Il : Pulse

[ 1Range Ill : \6>V¢cgo
(permitted for switching on during)t

. Range IV : \bgr=Vcesfor Rge<100Q

Figure 34. Safe operation area (SOA) with switch on curves

20
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SOA Limitation for Switch-On Time b) The transistor switches on when the inductance
in the collector circuit is not yet unloaded and the

Figure 34 shows the SOA diagram and the switch-on flyback voltage g is higher than ¥go of the

curves (a and b) at resistive load and inductive load. transistor.

a) The transistor switches on when the collector In this case, the transistor works with negative
voltage is smaller thanjdéo heg. These are the hardest working conditions for

There is no danger for the transistor because the the transistor (figure 35).

switch-on time is very short.
For this operation, the limitation of the SOA for SOA Limitation During Switch-Off

ton = 1 us andtﬂ‘ <L is valid. Time

T — 100
A The usual SOA diagram if the forward-biased transistor
is not valid the pulse capability is calculated during the
During this time §n collector current fall time because the transistor is
the transistor is working switched off with reverse base current. In this case, the
with negative pg . . .
transistor works with negative-p

Vceo P At high-voltage power transistors, the SOA for the
switch-off condition, base reverse biased, peraturing

the fall time, \&g, higher than ¥go of the transistor. As

an example for a special 50 A, figure 36 shows the
switch-off conditions in the case there is no reduced slope
of the flyback voltage.

\j

95 10254 t

Figure 35. Range of negative current gain

A 95 10255 A VR
Ic Ic
IcEnd
IcEnd
0 >
t
tf
+VS
o VcE '
L
Ic
Is
TUT I Is
& -
0 \ i >
| -
Vs Vceo Veeo  Vce

Figure 36. Reverse base safe operation area (RBSOA)

Issue: 11.95 21



TEMIC

TELEFUNKEN Semiconductors

Operation When the Transistor Is Thermal instability occurs when the input power, gener-
. ated by the increasing leakage current gg\is higher
Switched Off and Vﬂyback > Vceo than the heat dissipation to the surroundings at the same

Base driving conditions time.

An emitter-grounded switched-off transistor withstand$® maximum leakage current at the beginning of
voltages up to ¥go as long as the base-emitter V0|tagéhermal instability can be calculated with the following
cannot reach the threshold voltage. This is achieved ifgmula:
device by a low BE resistance parallel to the BE diode or, 20 C

; ; ; - @t Tow) = s—o~v—
even better, by a switch-off potential. By dmensmnméCBO jma Ry X Ve
the BE conditions for the switched-off transistor, the o . -
voltage drop produced by the maximum leakage curre_Rth is the determination fo_r the swnch—pff con_d|_t|0ns. It
guaranteed for the maximum junction temperature 1§ Very important that transistors work with sufficient heat
taken into account. The maximum leakage currepip| dissipaters.

for Tjmax is the current limitation of the SOA region for rigyre 37 shows the allowed maximum junction temper-
the switched-off transistor and for voltages betweegyre of the transistor versug¥and guaranteed thermal
Vegoand \ego (figure 36). In Telefunken's data sheetsgiaplity. This figure is based on the maximuggd at

it is guaranteed that the switched-off transistor with a re~ - and will be published for all Telefunken electronic
sistance smaller than 100 W parallel to the BE diode apgyh voltage transistors.

with no reverse base voltage withstandg¥ Vcp up to .

the maximum junction temperature when the limits of thQuallty Data

figure 34 are respected.
i ) With an extensive system consisting of qualification, in-
These are the most disadvantageous switched-off confliiediate and final tests, Telefunken endeavours to

tions and are seldom encountered. supply the customers with components that fulfil the

Vcev = Vceo When the following condition is fulfilled: ~ specifications of the OEM industry.

Veso (@t Tinmd) X Ree — Vge] = 0.3 V If you are interested in detailed informations regarding
“TELEFUNKEN Quality Assurance of Semiconductor

Thermal stability Components”, please request four our brochure

“TELEFUNKEN Quality and Reliability”.
In unclamped flyback converters, the switched-off tran- Q y y

sistor normally has a collector voltage between itgy Delivery Quality

and \cpo. It is a requirement that during this time the ) _ ) -
thermal stability of the leakage current is given. If thd© secure the delivery quality, the following specifica-
transistor reaches thermal instability, it will be damagelons are given:

because of insufficient limitation of the increasingg pMaximum and minimum values of the characteristics
leakage current by the inductive load.

A ® AQL- (Acceptable Quality Level) values

T Shipment lots whose defect percentage is equal to or less
] than the percentage given in AQL value shall be accepted
RihJaA with greater probability (I= 90%) due to sampling tests
(see the single sampling plan in chapter ‘Sampling In-

spection Plans’).

Classification of Defects

Rpe=100Q The possible defects with which a semiconductor device
can be subjected are classified according to the probable
influence of existing circuits:

- e Total (critical) defect

95 10256 Vv .
CE When one of these defects occurs, the functional use of

Figure 37. Range of guaranteed thermal stability the device is impossible.
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Examples: for data sheets of semiconductor devices for professional
open contacts, inter-electrode short circuits, breakdoveguipments and applications unless otherwise specified.
in reverse characteristics, wrong type designation, brokémspection follows the single sampling plan for attribute
leads, critical case defects testing, AEG 1415 (see chapter ‘Sampling inspection
plans’), which corresponds mainly to DIN 40080 or MIL-
STD-105 D inspection level II.

‘A cumulative AQL value equal to 0.4% is valid for all de-
If the specified limits given in the datasheets are eXects mentioned above.

ceeded, it is considered as major defect. Typical values

are given for orientation which are not tested.

® Major defect
A defect which is responsible for the failure of a device

e Minor defect Sampling Inspection Plans

A defect which is responsible for the function of a devickists of symbols:

with no or only a slight reduction in effectiveness AQL  Acceptable Quality Level
There could be external defects such as wrong marking,\c?r Lot size
light scratches.

n Sample size

o Acceptance number

AQL Values . .

Dmax Average outgoing quality level
According to the classification of defects mentioned in
the chapter before, the following AQL values, are valid

Table 4. Single sampling plan for attribute testing (according to DIN)

Normal AQL Reduced
Inspection 06 [ 0.10 [ 045 | 025 [ 040 | 065 | 10 | 15 | 25 | 40 | 65 | 'mspection
N n—c N
(Dmaxin %)

2-15 50 | 30 | 2-0 2-15

8-0 | (6.7) | (9.6) | (15.6)
16-50 13-0 | (3.9) 13-1 | 8-1 16-150
320 zf ;o 20 48 | 6.2
51-150 g €7 20-1 | 20-2 | 20-3 | 151-280
50-0 | (1.1)
80-0 | (0.71) 32-1 | (3.6) | (6.0) | (8.4)
151-280 125-0 | (0.45) (23) | 32-2 | 32-3 | 32-5 | 281-500
200-0 | (0.29) 50-1 (3.8) | (5.4) | (8.8)
281-500 | (0.18) (1.5) | 502 | 50-3 | 505 | 50-7 | 501-1200
80-1 24) | @5 | 7)) | 8.1)
501-1200 (1.0) | 80—2 | 80-3 | 80-5 | 80-7 | 80-10| 1201-3200
125-1 @6) | 22) | B7 | 52 | (7.7)
1201-3200 (0.64) | 125 2 | 125-3 | 125-5 | 125-7 | 125-10| 125-14| 3201-10000
200-1 1) | @5 | @4) | @5 | 5.0 | (7.2
2101-10000 (0.41) | 200-2 | 200-3 | 200-5 | 200~7 | 200-10| 200-14 10001-35000)
315-1 (0.68) | (0.68) | (1.6) | (22) | (3.2) | (4.6) |200-21
10001-35000 500-1 | 0-27) | 315 2 | 315-3 | 315-5 | 315-7 | 315-10| 315-14| 315-21| (7-3)
(0.17) (0.44) | (0.61) | (0.99) | (1.4) | (2.1) | (3.0) | (4.7)
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Table 5. Single sampling plan for destructive or very costly test procedures (AEG 1416, Z-plans)

Norma_u AQL Reduc_ed
Inspection 1006 | 0.10 | 0.15 | 0.25 [ 0.40 [ 0.65 | 1.0 [ 15 | 25 | 40 | 65 | Inspection
N n—c N
(Dmaxin %)

2-25 2-0 2-50

3-0 | (16.6)
26-90 (57—% (11.6) 51-150
8-0 '

_ 8-1 _
91-150 . %235? 5) o | S5 151-500
151-500 | 200-0 | 125-0 | 80-0 | 50-0 | 32-0 | (1.8) (63) 501-3200
501-1200 (028 | (0291 (046> | (0747 (12 ?4?_1% 20-2 | 20-3 | 3201-35000

32-1 (6.8) | (9.5)
1201-10000 (2.6) | 322 | 32-3 | 32-5
50-1 @3) | 6.1) | 9.9
10001-35000 g8o-1 | .7 | 502 | 50-3 | 50-5 | 50-7
(1.1) @7 | 3.9 | 6.3) | (9.0)

Data Sheet Construction Note:

If the dimensional information does not include any toler-

Dat_a sheet information is generally presented in the fq inces, then the lead length and mounting hole dimensions
lowing sequence:

are minimum values. All other dimensions are maximum.

Absolute Maximum Ratings

The absolute maximum ratings indicate the maximum

® Device description

® Dimensions (mechanical data)

® Absolute maximum ratings permissible operational and environmental conditions.
® Thermal data — thermal resistances Exceeding any of these conditions could result in the de-
. - struction of the device. Unless otherwise specified, an
® Electrical characteristics ambient temperature of 253°C is assumed for all abso-
Additional information on device performance is prolute maximum ratings. Most absolute ratings are static
vided if necessary. characteristics; if they are measured by a pulse method,
. L then the associated measurement conditions are stated.
Device Description Maximum ratings are absolute (i.e., not interdependent).

The following information is provided: part numberAny equipment incorporating semiconductor devices
9 P - P 'must be designed so that even under the most unfavorable

semiconductor materials used, -sequence of Zon%Zierating conditions, the specified maximum ratings of

:%cnhnology used, device type and, if necessary, constrlf e devices used are never exceeded. These ratings could

be exceeded because of changes in
Information on typical applications and special feature§ supply voltage
is also given.

. . . ® the properties of other components used in the equip-
Dimensions (Mechanical Data) ment

The mechanical data include important dimensions amd control settings
the sequence of connections supplemented by a circgit load conditions
diagram. Case outline drawings carry DIN, JEDEC or
commercial designations. Information on weight is alse drive level
given. . .

e environmental conditions

® the properties of the devices themselves (aging)
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Thermal Data — Thermal Resistances Dynamic (ac) characteristics

g characteristics explain the ac or pulse properties of a

As some thermal data (e.g., junction temperature, stora@ cond device. A di h :
temperature range, total power dissipation), impose miconductor device. According to type they are given
e important AF, HF or switching characteristics. The

limit on the application range of the device, they are giv ) - . :
PP g y g pynam|c (ac) characteristics are valid only under special

in the chapter ‘Absolute maximum ratings’. A special . " . :
section is provided for thermal resistances. The thermaperating conditions. If necessary, they are supplied with

resistance, junction-ambient{Rs) quoted, is measured corresponding measuring circuits.
without artificial cooling, i.e., under the worst conditions Family of curves

Temperature coefficients are listed together with thBesides the static (dc) and dynamic (ac) characteristics,

associated parameters in the chapter ‘Switching Characfamily of curves are given for specified operating

teristics’. conditions. They show the typical interdependence of in-
dividual characteristics. Scattering limits are also given.
These signify that at least 95% of delivered devices lie in-

Characteristics side these tolerances.

Under this heading the most important operational elec-

trical characteristics (minimum, typical and maximumAdditional Informations
values) are grouped together with associated test condi-

tions supplemented with curves. Preliminary specifications

Electrical characteristics This heading indicates that some information on the

The distinctive feature of semiconductor devices is thglevice concerned may be subject to slight changes.

they are characterised with electrical characteristiogot for new developments
which contain static (dc), dynamic (ac), two-port chara

teristics and family of curves. CThIS heading indicates that the device concerned should

_ o not be used in equipment under development. It is, how-
Static (dc) characteristics ever, available for present production.

DC characteristics explain the dc properties of a semicon-
ductor device. They are temperature dependent and are
valid only for a given ambient or case temperature.
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