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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 1: General

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC is<to promdg
international co-operation on all questions concerning standardization in the electrical and electronic fields.
this end and in addition to other activities, IEC publishes International Standards, Technicall Specification

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
in the subject dealt with may participate in this preparatory work. International,\dovernmental and ng
governmental organizations liaising with the IEC also participate in this preparatiofn\IEC collaborates closg
with the International Organization for Standardization (ISO) in accordance with“conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an internatior
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natior
Publications is accurate, IEC cannot be held responsible [fof_the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publicatio|
transparently to the maximum extent possible in their*national and regional publications. Any divergen
between any IEC Publication and the corresponding.national or regional publication shall be clearly indicated
the latter.

IEC itself does not provide any attestation of‘conformity. Independent certification bodies provide conform
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for a
services carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC or its-directors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature«whatsoever, whether direct or indirect, or for costs (including legal fees) a
Publications.

Attention is drawn tosthe Normative references cited in this publication. Use of the referenced publications
indispensable for_the correct application of this publication.

Attention is drawn“to the possibility that some of the elements of this IEC Publication may be the subject
patent rights&IEC shall not be held responsible for identifying any or all such patent rights.

epared for user convenience.

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as ‘I

Committees in that sense. While all reasonable efforts are made to ensure that the technical content of 1§

expenses arising out of thej'publication, use of, or reliance upon, this IEC Publication or any other I
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his consolidated version of the official IEC Standard and its amendment has been

IEC 60747-1 edition 2.1 contains the second edition (2006) [documents 47/1841/FDIS and
47/1848/RVD], its amendment 1 (2010) [documents 47/2015A/CDV and 47/2038A/RVC] and
its corrigendum of September 2008.

A vertical line in the margin shows where the base publication has been modified by
amendment 1. Additions and deletions are displayed in red, with deletions being struck
through.
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International Standard IEC 60747-1 has been prepared by IEC technical committee 4
Semiconductor devices.

The main changes with respect to the previous edition are listed below.

7:

a) The terminology which is now given in the IEV (or which was in conflict with the IEV) has

been omitted.

b) There has been a general revision of guidance on essential ratings and characteristics.

removed.

d)] A clause on product discontinuation notice has been added.
This bilingual version, published in 2009-11, corresponds to the English version,
The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Dirgctives, Part 2.

Allist of all the parts in the IEC 60747 series, under the general-titte Semiconductor device
can be found on the IEC website.

The committee has decided that the contents of the base“publication and its amendments W
rgmain unchanged until the stability date indicated on the IEC web site und
"http://webstore.iec.ch”" in the data related to the specific¢ublication. At this date, the publication W
b

* | reconfirmed,

* | withdrawn,

* | replaced by a revised edition, or

| amended.

i

ill
er
ill

that it contains colours which are considered to be useful for the correct understandir
of its contents. Usérs'should therefore print this publication using a colour printer.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates

9
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SEMICONDUCTOR DEVICES -

Part 1: General

Scope
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This part of IEC 60747 gives the general requirements applicable to the discre’te
semiconductor devices and integrated circuits covered by the other parts of IEC 60747.a

C 60748 (see Annex A).

Normative references

ne following referenced documents are indispensable for the applicatian’ of this documer
br dated references, only the edition cited applies. For undated references, the latest editic
the referenced document (including any amendments) applies.

C 60027 (all parts), Letter symbols to be used in electrical teghnology

C 60050-521, International Electrotechnical Vocabulary’(1EV) — Part 521: Semiconduct
bvices and integrated circuits

C 60050-702, International Electrotechnical ¥oeabulary (IEV) — Part 702: Oscillation
gnals and related devices

C 60068 (all parts), Environmental testing
C 60191-2, Mechanical standardization of semiconductor devices — Part 2: Dimensions
C 60747 (all parts), Semiconductor devices

C 60748 (all parts), Semiconductor devices — Integrated circuits

ectrostatic discharge (ESD) sensitivity testing — Human body model (HBM)
C 61340 (al'parts), Electrostatics

C 001002 (all parts), IEC Quality Assessment Systems for Electronic Components (IECQ)

C 60749-26, Semiconductor devices — Mechanical and climatic test methods — Part 26:

0

—

i

11les of procedure

ISO 9000, Quality management systems — Fundamentals and vocabulary
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-521 and

IEC 60050-702, as well as the following, apply.

3.1 Device structure

3.1.1
pad

aflea on a chip (die) to which a connection to the chip (die) can be made

3/1.2

bonding wire

w|re that is bonded to a chip (die) bonding pad in order to connect the chip (dig),t0 any oth
point within the device package

30.3
bIse (of a package)

part of the package on which a chip (die) can be mounted

3.4
cap, can, lid, plug
part of a cavity package that completes its enclosure

NOTE The particular term used depends on the package desigh.

3/1.5
anode terminal (of a semiconductor diode, exeluding current-regulator diodes)

terminal connected to the P-type region./of the PN junction or, when more than one HN

junction is connected in series with the same polarity, to the extreme P-type region

NOTE For voltage-reference diodes; if temperature-compensating diodes are included, these are ignored in t
dgtermination of the anode terminal.

3(1.6
cathode terminal (of a semiconductor diode, excluding current-regulator diodes)

terminal connected to -the N-type region of the PN junction or, when more than one HN

junction is connected.in series with the same polarity, to the extreme N-type region

NQTE For voltage-reference diodes; if temperature-compensating diodes are included, these are ignored in t
ddtermination ofithe cathode terminal.

3.7

anode-terminal (of a current-regulator diode)

terminal to which current flows from the external circuit when the diode is biased to opera
as a-current regulator

[
=

|le

3.1.8

cathode terminal (of a current-regulator diode)

terminal from which current flows into the external circuit when the diode is biased to opera
as a current regulator

te
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3.2 Elements and circuits

3.2.1

passive

pertaining to an electrical network or device which requires no source of energy other than the
input, but excluding semiconductor diodes

[IEC 60050-702:1992, 702-09-07, modified]

3.22

agtive
pértaining to an electrical network or device which cannot function without a source of.energy
other than the input, but also including semiconductor diodes

NQTE Active circuit elements can also be used to act as passive circuit elements only, for example;)to contribute
repistance and/or capacitance to a circuit.

[lEC 60050-702:1992, 702-09-06, modified]

3]2.3

circuit element
cjenstituent part of a circuit that contributes directly to its operation and performs a definable
function

NQTE The term may include the interconnection means to other cirguit,elements, or to the terminals.
3J]3 Thermal properties

33.1
virtual (equivalent) junction temperature
virtual temperature of the junction or channel*of a semiconductor device

[IEC 60050-521:2002, 521-05-15, modified]

3f3.2
rgference-point temperature
temperature at a specified pgint on, near or within a device

33.3
case temperature
tegmperature of a référence point, on or near the surface of the case

NQTE For smaller‘devices, if the specified reference point is not located on the case but somewhere else on the
dgvice (for example, on one of the terminals), then the temperature at this place may be called the "reference-poj|nt
temperature’. However, devices rated with reference to this temperature are still called "case-rated devices".

3[3.4
sforage temperature
temperature at which the device may be stored without any voltage being applied

3.35

thermal derating factor

factor by which the power dissipation rating must be reduced with increase of reference point
temperature

3.3.6

equivalent thermal network

theoretical equivalent circuit that simulates the thermal resistances, thermal capacitances and
sources of heat flow of a semiconductor device (or integrated circuit), which gives a
representation of thermal conditions and temperature behaviour under electrical load and
which may be used for temperature calculations


https://iecnorm.com/api/?name=b1eb0271ea21dd31218681338c5e56c6

60747-1 © IEC:2006+A1:2010 -9-

NOTE 1 It is assumed that the total heat flow, caused by the power dissipation, is flowing through this equivalent
thermal network.

NOTE 2 Where heat is generated at more than one point in a device, the equivalent thermal networks will need to
include each source if the heat flow is to correspond to the total power dissipation occurring in the semiconductor
device (or integrated circuit).

3.3.7
transient thermal impedance
quotient of

a) the change in temperature difference between two specified points or regions at the end of
a time interval, and

b) the step-function change in power dissipation beginning at that time interval which Ccausées
the change in temperature difference

NOTE The term used in practice must indicate the two specified points or regions, for example;as in "junctign-
case transient thermal impedance”. The use of the shortened term "transient thermal impedance®.is' permitted or{ly
if po ambiguity is likely to occur.

3)3.8
tHermal impedance under pulse conditions
guiotient of

a) the difference between the maximum virtual temperature caused by the pulse power and
the temperature of a specified external reference point, and

b) the amplitude of the power dissipation in the device‘produced by a specified periodjc
sequence of rectangular pulses

NQTE 1 The initial transient phenomena are ignored and z€roncontinuous power dissipation is assumed.

NQTE 2 The thermal impedance under pulse conditions,is given as a function of the duration of the pulses with
the duty factor as a parameter.

34 Noise

34.1

rgference-noise temperature
absolute temperature (in kelyins) to be assumed as a noise temperature at the input ports of|a
ne¢twork when calculating-¢értain noise parameters, and for normalizing purposes

NQTE It has not been.possible to achieve a consensus on a single standard reference noise temperatu
although no values below,290 K or above 300 K were found to be in use.

I

3/4.2
ovyerall average noise figure (of a mixer diode and an |.F. amplifier)
aVerage noise figure of the cascaded combination of a mixer and an I.F. amplifier

343

stlandard overall average noise figure (of a mixer diode and an |.F, amplifier)
overall average noise figure, when the average noise figure of the I.F. amplifier is a specified
standard value (usually 1,5 dB) and the passband of the I.F. amplifier is sufficiently narrower
than that of the mixer so that the mixer conversion loss and output noise temperature are
essentially constant over the I.F. passband

3.4.4

output noise ratio

ratio of the noise temperature of an output port to the reference noise temperature, when the
noise temperature of all input terminations is at the reference noise temperature at all
frequencies that contribute to the output noise
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4.5

equivalent input noise voltage (of a two-port)
voltage of an ideal voltage source (having an internal impedance equal to zero) in series with
the input terminals of the device that represents the part of the internally generated noise that
can properly be represented by a voltage source

NOTE

In the definition, the equivalent input noise current, which would be needed for a complete and precise

description of the device noise, is neglected. If the external source impedance is zero, the noise voltage represents
the total noise.

3.4.6

ethuivalent input noise current (of a two-port)

CU
w

N
dg
re

thiat can properly be represented by a current source

rrent of an ideal current source (having an internal impedance equal to infinity) in parall
th the input terminals of the device that represents the part of the internally generated noig

DTE In this definition, the equivalent input noise voltage, which would be needed for a ceomplete and preci
scription of the device noise, is neglected. If the external source impedance is infinite, the noise currg
bresents the total noise.

5 Conversion loss

5.1

3,
3,
c

rgtio of available input power at a single-signal frequency to the available single-sign
frequency output power, not including intrinsic mixer noise‘or power converted from other th3
thie signal-input frequency

35.2

conversion insertion loss (of a mixer, mixer diode or harmonic generator)

rgtio of available input power at a single-signal frequency to the delivered single-sign
frequency output power, not including intrinsic mixer noise or power convened from other th3

t

3.

3.
d
di
t

nversion loss (of a mixer, mixer diode or harmonic generator)

e signal-input frequency

6  Stability of characteristics

6.1

ift

ference between the final value of a characteristic at the end of a specified long period an

e initial value, all other-operating conditions being held constant

DTE The use of(the term "drift" to refer to the immediate change of a characteristic in direct response
anged operatingiconditions (for example, temperature) is deprecated.

D

35
nt

n

n

d

to
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3.

6.2

relative drift
ratio of

drift of the characteristic, to
initial value of the characteristic

NOTE See note to 3.6.1.

3.

6.3

instability range
difference between the extreme values of the characteristic observed either continuously

rg

3.
re

ty

guiotient of

|7 Pulse switching times

J7.1

7.2

peatedly during a specified period, all other operating conditions being held constant

6.4
lative instability range

the instability range of the characteristic, and
the initial value of the characteristic

DTE 1 The input and output signal measurement units should be specified, eg. current, voltage.

050-521-05-22, and IEC 60050-521-05-24).

rn-on time

e interval between a step function changécof the input signal level and the instant at whi
e magnitude of the signal at the output términals reaches a specified upper limit when th
miconductor device is being switched ftem its non-conducting to its conducting state

rn-off time

ti
t
S§

3.
Cd
sy

—

e interval between a step-function change of the input signal level and the instant at whi
e magnitude of the signallat the output terminals reaches a specified lower limit when th
miconductor device is beihg switched from its conducting to its non-conducting state

7.3
irrier storage fime
nonym for délay time at turn-off

FC 60050-521:2002, 521-05-23, modified]

DTE 2 Delay time, rise time, and fall time are defined in IEC.60050-521 (Terms IEC 60050-521-05-21, I§

C

e

e

4

L'etter symbols

4.

1 General

This clause provides a system of letter symbols for the properties used in the field of discrete
devices and integrated circuits. Additional letter symbols, for specific categories may be given
in Clause 4 of the other parts of IEC 60747 and IEC 60748. Where there is any conflict, the
symbols given in the latter parts apply within the part.
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The general standards given in IEC 60027 are applicable, except where this clause differs, in
which case this clause should be followed. Some letter symbols or rules for composing
complex letter symbols have been specifically approved for the purposes of IEC 60747 and
IEC 60748.

NOTE Definitions of the terms used in this clause can be found in Clause 3 of this or the other parts of IEC 60747

and IEC 60748.

4.2 Letter symbols for currents, voltages and powers
421 Use of upper-case or lower-case letters and subscripts
A
iD
+ig T T
iy igm ~ \Ipp), [id(pp)]
instantaneous peak (maximum) k peak-to-peak
value of value of alternating Tiemd. 02t0|:a| Vat|_Ue
alternating component R.M.S| value [of alternating
component of alternating component]
component
! ' -
t
idmin
Iom or —i
peak *dm
; peak (minimum)
. (maximum)
—iq value of
total value -
alternating
ip component
instantaneous ¢
total value
Ipav), Ippy. or Ip ? IbRMS.)
average total value; IpmiN r.m.s.
direct component peak total value
(minimum)
total value
, ¢ .
0 ! -
t
IEC 2559/04
NOTE D,d = Drain'terminal
Figure 1 — Example of the application of the rules to a periodic current
Wheré both upper- and lower-case letters and subscripts are shown for currents, voltages pr

powers, upper-case letters shall be used for the representation of the total value (the large
signal value), and lower-case letters shall be used for values related to the alternating
component (the small signal value). If more than one subscript is used, subscripts for which
both styles exist shall either be all upper-case or all lower-case.

Exceptionally, cases are used in combination to save otherwise necessary parentheses, for
example, VeEggat

Figure 1 gives an example. It represents the drain current of an FET that consists of a direct
component (the average value) and an alternating component.
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4.

2.2 Basic letters

The basic letters to be used are:

L = current
V,v = voltage
P p = power
NOTE

semiconductor devices, these are so widely used that in this publication they are preferred to U and u.

4,

—_~ o~ o~ o~
OO m >

ORIl

4,

W

2.3 List of subscripts

V) = average value
R) = breakdown
r), cr = critical
) = direct
f = forward
, m = peak (maximum) value with respect to time
IN, min = peak (minimum) value with respect to time'(see note 3)
noise
0 = open circuit
V) = overload
P), (pp) = peak-to-peak, value
r = repetitive, recovery, reverse
.M.S.), (r.m.s.) = root-mean-square value
s = short-circuit, surge
ht), tot = total value
DTE 1 Where no ambiguity arisesj.subscripts may be omitted, for example:
or IB(D) = direct base cufrent.
orIn(rms) = instantaneous root-mean-square value base current.

DTE 2 For other recommended subscripts, see Clause 4 in the other relevant parts of these publications.

DTE 3 “MIN,.mih” should be used with caution, as it can be confused with the lower limit of a ranges of values

2.4 Subscripts denoting terminals

her€ it is necessary to indicate the terminal carrying a current after which the current

named or to Indicate the voltage at that terminal, this shall be done by a single subscript.

IEC 60027 recommends the letters ¥ and v only as reserve symbols for voltage; however, in the field of

is

The terminal relative to which the voltage is measured or, if required, out of which the current
flows (the reference terminal) shall be indicated by a second subscript.

A third subscript may be used to indicate the external connection between a third (input)
terminal and the reference terminal, for example:

Ices

V(BR)CEO

collector current of a transistor with the base short-circuited to the emitter;

collector-emitter breakdown voltage of a transistor with base open-circuit.
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4.2.5 Subscripts for supply voltages or supply currents

Repeating the appropriate terminal subscript shall indicate supply voltages and supply
currents, for example: Ve, Igg.

If it is necessary to indicate a reference terminal, this should be done by a third subscript, for
example: Vicg-

4.2.6 Subscripts for devices having more than one terminal of the same kind

Ifla device has more that one terminal of the same kind, the subscript is formed by t:l\e
appropriate letter for the terminal followed by a number. In the case of multiple subscrip
hyphens may be necessary to avoid misunderstandings, for example:

@

Ig, = continuous (d.c.) current flowing in the second base terminal;
Vio-E = continuous (d.c.) voltage between the second base terminal and the emitter
terminal.

412.7 Subscripts for multiple devices

—

For multiple devices, the subscripts are modified by a number{preceding the letter subscript.
In[ the case of multiple subscripts, hyphens may be necessaryto avoid misunderstandings, fpr
example:

Il = continuous (d.c.) current flowing-jato the collector terminal of the second
transistor;
Vlc.oc = continuous (d.c.) voltage between the collector terminals of the first and the

second transistors.

4)2.8 Indication of the polarity. of currents and voltages
412.8.1 Unsigned letter symbol

When neither the letter symbol nor the value is preceded by a minus, this denotes either|a
voltage that has a positive value with respect to a reference terminal, or a conventionjal
current that has a positive value and which flows from the external circuit into the devige
terminal, for examplé;

Vky voltage applied to terminal X is positive with respect to terminal Y;

Iy conventional current flowing into terminal X from an external source.

4)2.8:2 Negated letter symbol

The negation sign may precede either the letter symbol or the value, for example, —Vyy —Ix
denote values that are of the opposite polarity to Vyy, Ix. It follows, by the application of
algebraic rules, that Vyy = -5V can be expressed as —Vyy =5 V.

Where the definition itself denotes a reversal of the polarity and there is no ambiguity, the
negation may be omitted, for example, Vg =2V, Vg =10 V.


https://iecnorm.com/api/?name=b1eb0271ea21dd31218681338c5e56c6

60747-1 © IEC:2006+A1:2010 - 15—

4.3 Letter symbols for signal ratios expressed in dB

dB = the logarithm to the base of ten of the ratio of two powers multiplied by 10.
dB(V) = the logarithm to the base of ten of the ratio of two voltages multiplied by 20
dB(l) = the logarithm to the base of ten of the ratio of two currents multiplied by 20
Examples:

n = 20 log (V4/V5) dB (V)
n = 20 log (I4/15) dB (1)
In the latter two cases, when, and only when, the resistances appertaining to.}; and ¥, (or |4

and I,) are equal or of negligible difference, the numerical value of » will be‘the same as that
ofl the first case, and the subscripts (V) and (I) may be omitted.

4J4 Letter symbols for other electrical properties

This clause applies to elements of electrical equivalent circuits, electrical impedances,
adlmittances, inductances and capacitances.

441 Basic letters
Z|z = impedance
R|r = resistance
X x = reactance
Y|y = admittance
Glg = conductance
Bl b = susceptance
= capacitance
L = inductance

414.2 Letters for matrix parameters

H| h = hybrid parameter

S|s = s-parameter

Z) = impndanr\n parnmnfnr
Y,y = admittance parameter

The real and imaginary parts of the impedance and admittance parameters are identified
using the appropriate letters given in 4.4.1. If it is necessary to distinguish in the letter symbol
between the real and imaginary parts of the hybrid or s-parameters, the notation Re( ) and
Im( ) should be used, for example:

Re(hq1p) = real part of a hybrid parameter;
Im(syqe) = imaginary part of an s-parameter.

NOTE Alternatively, the numerical value may include either real and imaginary values or magnitude and angle
values.
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4.4.3 Use of upper-case or lower-case letters

Where both upper-case and lower-case letters are shown in 4.4.1 and 4.4.2, upper-case
letters shall be used for the representation of

a) elements of external circuits in which the device may form only a part;
b) all inductances and capacitances.

Lower-case letters shall be used for the representation of circuit elements inherent in the
device (with the exception of inductance and capacitance).

4)4.4 List of subscripts

d = differential
F|f = forward; forward transfer
I, i = input
O} o = output
R} r = reverse; reverse transfer
T = depletion layer
1 = input
23 = output applicable to
12 = reverse transfer matrix parameters only.
2 = forward transfer
= input Not applicable to
2 = output } matrix parameters

4/4.5 Additional subscript

Alfurther subscript may be used for.the identification of the circuit configuration (for example,
for the terminal or reference terminal, see 4.2.4). When no confusion is possible, this furthpr
subscript may be omitted.

NOTE Without these further subscripts, the initial letter suffixes for matrix parameters do not define the circhit
cgnfiguration, and the numeric ‘suffixes do not define either the circuit configuration or whether the value is sm3ll-
signal or static, for example:

hA1E or hFE = static value of forward current transfer ratio in common-emitter configuration;

hl1e Or hfg = small-signal value of the short-circuit forward current transfer ratio in common-emit{er
configuration;

Zd = Re +jXg small-signal value of the external impedance;

rg = d.c. value of the internal base resistance.

4:4.6° Use of upper-case and lower-case subscripts

Where both upper- and lower-case subscripts are shown in 4.4.4 or used as shown in 4.4.5,
the upper-case subscript shall be used for the representation of the total value (the large
signal value), and the lower-case subscript shall be used for the small signal value. If more
than one subscript is used, subscripts for which both styles exist shall be either all upper-case
or all lower-case. Subscripts for terminals shall follow the same case rule, for example: hgg,
VREs Pfer bUt C1o (T has no lower-case variant).
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4.5 Letter symbols for other properties
4.5.1 Time-related properties
t = time, duration
f = frequency
For example: tr = rise time;
fmax = maximum frequency of oscillation.
4)5.2 Time subscripts
d| = delay
f| = fall
O;I\f = turnon
off = turn off
p| = pulse duration
r = rise
s| = carrier storage
w| = average pulse duration
4)/5.3 Thermal properties
T|= temperature, indicating either Celsius or Kelviftntemperature, for example: 75 = 25 °C, ]

th
sh

N
te

Ry
Zy

N
re

lisft givensin4.5.4.

Zhp(x-y)> Zthp(X-Y)° = transient thermal impedance under pulse conditions.

295 K.

DTE 1 The use of the lower-case letter, ¢, is strongly deprecated.

DTE 2 In the case where distinctive letter symbols are needed for Celsius temperature and Kelvin temperatu
e letter symbol 7 with the unit in bracketssdenoting Celsius temperature T (°C) or Kelvin temperature 7T (
ould be used.

DTE 3 Differences between two témperatures are expressed using the same unit as that used for the t
mperatures. This results from the pertinent magnitude equation, for example: T, (°C) — T (°C) = AT (°C).

thermal resistance;

h(x-y): Rth(x-Y)-

h(x-y)" Zth(X-Y)- transient thermal impedance;

DTE In the'letter symbols given above, the letters x, y or X, Y stand for the subscripts that denote the points
pions between which the thermal resistance or impedance extends. These subscripts should be taken from t

20

or
ne

454 Subscripts for thermal properties

i J = junction (channel) (note 1)

vj, VJ = virtual junction (channel) internal equivalent (notes 1 and 2)
c,C = case (note 3)

ch = channel (note 1)

r, R = reference point (note 3)

a, A = ambient (note 3)

s, S = heatsink

f, F = cooling fluid, other than air

sb = substrate
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stg = storage
sld = soldering
op = operating (note 4)
th, 8 = thermal

NOTE 1 The subscripts j (or J)and vj (or VJ) may be used instead of ch to indicate “channel”.

NOTE 2

letter v in the subscript may be omitted.

N
re
fo

In data sheets, specifications always refer to the virtual junction (channel) temperature. Therefore, the

lowing example: Rip(j_amb).

mperature”, the subscript "op" is usually omitted in data sheets if no ambiguity is likely to occur(

415.5 Sundry other properties

The following letter symbols are recommended:

K; = thermal derating factor;

; or Fpy = average noise figure, average noise factor;
F = spot noise figure, spot noise factor;

N = output noise ratio r;

T = nhoise temperature;

T:[/Tno = reference noise temperature.

4)6 Presentation of limit values

4,

T

6.1 General

IHC 60748.

4
T
m

m

W

16.2 Absolute(magnitude convention

ne following.letter symbols are added following the letter symbol or value:

P

the higher limit value of a range, regardless of polarity;

the lower limit value of a range, regardless of polarity.

DTE 4 In letter symbols for operating temperatures, for example, as in T,,, for “opérating ambignt

e limit values of a range of'‘values may be presented using either one of two different
conventions. Unless otherwisé-stated, the absolute magnitude convention is used for discrete
sg¢miconductors. The use~of the algebraic convention for integrated circuits is detailed

here g range of values includes both nnmh\/n and nnnnh\ln \lalnnc both limits are maximun

DTE 3 The use of the longer subscripts “case”, “ref” and “amb” is deprecated. If they are used for thermal
Sistances or impedances, the subscripts shall be separated by hyphens and put in brackets as shown, in the

in

with an |mpl|ed minimum limit of zero. Exceptlonally, in these standards where the polarity |s
not known, ‘min’ may be used to indicate ‘the more negative limit’; but, in this case, the letter
symbol shall not be negated.

NOTE To avoid ambiguities, where a range of values includes both positive and negative values, the negation
should be shown in the letter symbol (see examples in Table 1).
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4.6.3 Algebraic convention
The following subscripts are added to the letter symbol:

A
B

the most positive value;

the most negative value.

NOTE 1 The use of ‘max’ and ‘min’ in the algebraic convention is deprecated, as their meaning, when combined
with negative values, conflicts with the meaning in the absolute magnitude convention.

Table 1 — Presentation of limit values with the two conventions

Example Range Absolute magnitude KAlgebraic
convention convention

Symbol | max | min | Symbol A B

1 | | ----- > X 6 2 X 6 2

0 2 6 X
2 VT | === e e mmmm e > X 4 note X 4 -2
-2 0 4 X -X !

3| | e [T | mmmm e mm e mm i mem e > X -6 -2 X -2 -B

-6 -2 0 X -X 6 2 -X 6 2

4 L > X b a X b ]

(position of "0” not known) a b X Note 2 Note 2

NOTE 1 In example 2, the implied minimum is zero, not\customarily shown.

[]

OTE 2 |EC 60747 and IEC 60748 use the example - 4 format when neither the values nor the polarities a
hown. Once known (for example, in a data sheet).the appropriate form as in examples 1-3 should be used.

= Z

5| Essential ratings and characteristics

51 General

The ratings and characteristics prescribed in IEC 60747 and IEC 60748 are the minimum thpat
should be quoted by ‘a_ manufacturer when describing his product for general use. Publishgd
data should be presented in accordance with 5.3.

There are, however, products that perform well in specific circuits without all these ratings amd
characteristics being specified. The data for such products may not include all the
rgquirements of this clause.

5]2.¢/Relationship between conditions of use, ratings and characteristics

5.2.1 General

Semiconductor ratings are the limiting conditions of use that all conforming devices will
withstand but beyond which damage to the device may occur.

Operating conditions of use are the conditions at which the specified characteristics are valid
but beyond which the characteristics may not remain within the specified limits.

Measuring conditions are those in which a characteristic is measured when being tested.

NOTE 1 Limiting conditions may be either maxima or minima and are known as maximum ratings and minimum
ratings, respectively.
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between the manufacturer of semiconductor devices and circuit designers.

IEC 60134 explains the rating systems in general use and, in particular, the division of responsibility

NOTE 3 Many ratings and characteristics can be interchanged but never under the same conditions in the same
data sheet. For example, the limiting point on the reverse characteristic curve of a diode may be defined as either
Irmax (characteristic) at Vrmax (rating), or ¥ggmin (characteristic) at [gmax (rating), but not both.

However, Irmax (characteristic) at V'rmax (rating), and Vggmin (characteristic) at Igyymax (rating) is permissible, as

Ir

m is time restricted while Vg is continuous.

Other points below the limit on the same curve may be given independently, for example, Igomax (characteristic) at
specified Vg (operating condition).

5.

Qo

©

2.2 Usage under unspecified conditions.

sers should consult the device manufacturer before applying to a device any condition th
not covered in the manufacturer's data, for example, the application of salvents
trasonics during equipment assembly.

2.3 Production spread and compliance

bwever, in commercial dealings involving bulk transactions, the. acceptable proportion

r agreement between the supplier and the purchaser. Sueh methods may permit
rcentage of failed devices to be included in the supplied lots.

CIvices which may fail to meet the above criteria and the methods, 6f verification are a matt

br semiconductor devices marketed under the IECQ scheme, these methods and values a

prescribed in the relevant parts of IEC 60747 and IEC. 60748.

3  Standard format for the presentation of published data

t by devices supplied under the IECQ:System are fully prescribed in the parts of IEC 6074
d IEC 60748 related to the IECQ system.
Manufacturer’s type number.

Category of the device accotding to the relevant part of these publications (IEC 60747
IEC 60748), the semiconductor material (for example, silicon) and, where appropriate, th
polarity (for example,(PNP or NPN).

Information on outlines, terminal identification and connections, case material (glas
ceramic, metal plastic, etc.) and the finish of leads.

Electrical and_thermal ratings. Where appropriate, the position of the reference points f|
temperaturerand high-current-low-voltage measurements shall be stated.

Electrical.and thermal characteristics and associated information.
Mechanical data.

Environmental data and/or reliability data.

here is no tolerance on the limit values of ratings and characteristics given in published datg.

iblished data should contain information on' the items listed below. The requirements to be

at
or

[e

17

h) Curves, for example, graphical representation of characteristics.

5.4 Type identification

Where the manufacturer's type number is not clearly marked on the device, the method of
type identification should be indicated, for example, colour coding, using a double-width band
for the first digit.
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5.

5.

5 Terminal and polarity identification

5.1 General

The function of each terminal should be identifiable, either from the outline drawing, or by

m

eans of terminal marking.

Any electrical connection between an electrode and the case should be stated.

If there is a possibility of the colour code at the cathode end of diodes in very small envelopes

b&ing confused with a type marking, then the latter may be omitted.

45.2 Examples of terminal marking

a

A
C(

(3]

of
C(
=
Cé

N
pd
th

|6 Electrical ratings and characteristics

{7 Cooling conditions

{7.1 General

Colour coding

Anode Cathode Gate Collector Emitter Base
Blue or Red (or Yellow or Red Blue Yellow
black white for white
diodes)

The rectifier diode graphical symbol points towards the cathode terminal.

The type-number coloured bands are placed péarer to the cathode terminal.

| electrical ratings and characteristics should be stated with reference to externally availab
nnections.

emiconductor devices:are specified either as ambient-rated (mode A), case-rated (mode

both ambient- and.case-rated devices. As an exception, they may be specified as force
oling rated (mode’F) devices, which, apart from the cooling conditions, are categorized
C 60747 and IEC 60748 as ambient rated devices, or as heat-sink rated devices which a
tegorized ifiithese publications as case-rated devices.

DTE \Where virtual junction temperature is given as a rating, this is for calculation purposes only, as it is of
rtially under the control of the user. (When dissipating power, the junction temperature depends on the devi
ermal Capacity and resistivity characteristics.)

le

C)
H-
in
re

ly
ce

5.

7.2 Ambient temperature conditions

Where devices are specified as ambient-rated devices, this signifies that the device
characteristics apply under natural air-cooling conditions (air under conditions of natural
convection) (unless otherwise stated, see 5.7.4).


https://iecnorm.com/api/?name=b1eb0271ea21dd31218681338c5e56c6

- 22 - 60747-1 © IEC:2006+A1:2010

5.7.3 Case-temperature conditions

Where devices are specified as case-rated devices, this signifies that the device character-
istics apply under the conditions of conduction cooling through a defined area of the case.

NOTE Where thermal resistance or impedance characteristics are quoted, they apply to an equivalent circuit
approximation of the device thermal characteristics that assumes all heat flows through a specified reference point
in the above area.

Information should be given concerning the means of obtaining good thermal contact between
the—devi et o —irrotu I rate—Tmethot—of I —the

peparation of contact surfaces to improve thermal an electrical contact~ 'and
rgcommendations on suitable thermally conductive compounds or washers.

5/7.4 Forced cooling temperature conditions

Where devices are specified as forced cooling devices, this signifies ‘that the devige
characteristics apply under the conditions of forced fluid cooling.

Information should be given concerning the type of fluid (air, freqn, water, oil, etc.), the
position and orientation of the device relative to the flow of theifluid, and the velocity and
priessure of the fluid at the inlet.

5]7.5 Heat-sink temperature conditions

Where devices are specified as heat-sink rated ,dévices, this signifies that the devige
characteristics apply when the device is mounted on<an external heat-sink in accordance with
the manufacturer's specified mounting conditions’) The case temperature is that of a specifigd
point thermally close to the device case surface, either on the surface or within the externjal
heat-sink.

NOTE The thermal characteristics of the interface between the device and the external heat-sink are included|in
the specified device thermal characteristics of heat-sink rated devices.

5]7.6 Mixed mode devices
Spme ambient rated devices_can be provided subsequently with a fin or with a fastening clip.

Since the major part of(the heat dissipated by the device is then removed by conduction
towards this clip or this fin, the device should then be treated as a case-rated device.

58 Recommended temperatures

It|is recommended that ratings and characteristics be stated at 25 °C and at one (or morg)
other temperature(s).

519 »/,"Recommended voltages and currents

When electrical characteristics are required at reference voltages or currents, the values of
the R10 series taken from ISO 3 are recommended. In order of preference, these are:

1st preference: 1,0 2,0 5,0 10,0
2nd preference: 1,0 1,6 2,5 4,0 6,3 10,0
3rd preference: 1,0 1,25 1,6 2,0 2,5 3,2 4,0 5,0 6,3 8,0 10,0

These figures can be multiplied by 10”, where » can be a positive or a negative integer.

When electrical characteristics are required at reference voltages equal to, or higher than,
200 V values may be rounded off.
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5.

5.

10 Mechanical ratings (limiting values)

10.1 General

In the following subclauses on mechanical ratings, the preferred method of stating the

in

5.

formation required should be in accordance with the relevant section of IEC 60068.

10.2 Mounting constraints

Where appropriate, any significant conditions and/or any restrictions should be stated, for

eyampie:
horizontal or vertical mounting position;
the minimum distance from the body at which a flexible lead may be bent at righf\arngles;

c) for stud-mounted devices, the maximum torque and, where appropriate/the minimum
torque, which may be applied under specified conditions;

d) for press-pack devices, the maximum pressing force that may be capplied and, whefe
appropriate, the minimum pressing force that shall be applied underspecified conditions;

e)] for heat-sink rated devices, the mounting requirements, the interface material and flatnesgs
of the external heat-sink over the contact area.

5]10.3 Ratings for terminations

a) Stress ratings
A statement of any restrictions on the stresses ihiat may be applied should be given.

b) Temperature ratings

W

W

]

to the intended method(s) of attachment (for example, soldering, welding, etc.).

[10.4 Additional ratings

ample, limiting values for acceleration, shock and vibration, environmental conditions, etc.

{11 Mechanical characteristics

{11.1 Dimensions

IEC 60191-2);

The maximum temperature of the terminations at a specified distance from the body for|a
specified time, together with any other limiting conditions, should be given as appropriate

hen these ratings are significantlyzdependent on the initial temperature of the device, afy
information on derating should be given.

here appropriate, for certain applications, additional information may need to be given, fpr

ther:- ~refer to a standard IEC outline drawing and base drawing where appropriate (sg¢e

or:

with appropriate tolerances.

The type of termination (for example, wire-ended, strip, stud, etc.) should be indicated.

give an outline drawing (and base drawing, where appropriate) showing dimensions

The function of each terminal and where appropriate, of the case (for example, anode, gate,
collector) should be stated.

5.

11.2 Additional characteristics

Where appropriate, for certain applications, additional information may need to be given, for
example, the weight of the device.
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5.12 Multiple devices having a common encapsulation

5.12.1 General

The following applies to multiple devices having a common encapsulation, in which the
individual devices can be measured and may be used separately.

The individual devices should be identified and any common terminal stated.

5.12.2 Electrical ratings

5/12.3 Electrical characteristics

5/12.4 Thermal characteristics

This represents the thermal coupling resistance between devices.

This-represents-the-decoupled-part-of the-thermalresistance-of-each-device.

Ratings for each individual device in accordance with IEC 60747-2, IEC 60747-3, etc.
Maximum isolation voltage between the individual devices.

The maximum total power dissipation for each individual device and the maximum tofal
power dissipation of the multiple device, under the same conditions of casé or ambient
temperature as for each individual device.

Characteristics for each individual device in accordance”\with the relevant part pf
IEC 60747-2, IEC 60747-3, etc.

NOTE Where these values are temperature-dependent, there should be no significant dissipation in the
internal devices not being measured unless this is otherwise specified-

Where appropriate, maximum leakage current betwéen the individual devices.
Where appropriate, biasing magnitude and poldrity required for isolation.

The nature and magnitude of any electrical cross-coupling effect (for exampl
capacitance), under the intended conditiansyof operation.

®

Where multiple devices are supplied. with the intention of having matched characteristics,
the degree of matching of the specified characteristics and the conditions of use thpat

apply.

NOTE The degree of matching should be stated at 25 °C and at one higher temperature.

Where appropriate, the maximum thermal resistance of that part of the heat path to case
or ambient whichtis common to all devices, should be stated under the same conditions as
for each device-separately.

Where-appropriate, the maximum thermal resistance between each individual device and
thé hot end of the common heat path should be stated.

6

6.1

c—pert

Measuring methods

General

The measuring methods described in IEC 60747 and IEC 60748 outline the principles
employed but not the detailed techniques for practical application. They describe methods
that are considered to give the most accurate results, and as such, are sometimes referred to
as reference methods.
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Wherever possible, for each characteristic, there should be only one basic method. Where
more than one method of measuring is described, it is implied that each method is suitable,
although under a specified range of conditions of use, one of the methods may be more
appropriate than another.

6.2 Alternative methods of measurement

Any variation or alternative method of measurement may be used, provided that allowances
are made for the measurement accuracy. For example, the measurement of temperature-

d pnndant characteristics bc\fnrn tampnrghurn C"thl“‘\][ has—been—reached—shall—include n

allowance for any expected characteristic change with temperature.

Alcharacteristic specified under steady-state conditions may only be measured before thermjal
equilibrium has been reached or by a pulse method, provided that an allowance is*made fpr
aIy change in the measured value that would have occurred if steady-state conditions had
bg¢en used.

NOTE If a pulse method is chosen, it must be ensured that there are no electrical or thermal transient phenomepa
that may affect the accuracy of the measurement.

6J3 Measurement accuracy

Allowance shall be made in the actual measured values of eharacteristics for any measurimg
agcuracy tolerances. Measurements taken by, or on behalf 0f, the supplier shall lie within the
prTinshed limit values by at least this tolerance, and measurements taken by, or on behalf gf,
thie purchaser shall lie outside the published values by at least this tolerance.

lig sufficiently outside the published values:te allow for the accuracy of the verificatign
mlethod. Values applied by, or on behalf of,“the purchaser shall lie sufficiently within the
published values for similar reasons.

The actual values applied to the device to verify‘ratings by, or on behalf of, the supplier, sh$II

The measurement accuracy shall take'into account both the electrical and the environmenfal
caonditions.

Wherever possible, methods-giving a direct answer are preferable, as calculated results afe
based on equivalent circuits'that may not be valid under all conditions.

NOTE 1 The specifiedteonditions of measurement should align with those given in the essential ratings apd
characteristics clauses.

NOTE 2 The mahufacturer may, at his discretion, add additional tolerances. (To allow, for example, for drift of the
characteristics-during the life of the device.)

6}4 Protection of devices and measuring equipment

6.4.1 General

The precautions described in this clause are generally valid for discrete devices and
integrated circuits. Special precautions for particular device categories are given together with
the measuring methods in the relevant part of these publications for the category.

NOTE Electrostatic sensitive devices should be handled as described in IEC 61340.

6.4.2 Limiting values

The test conditions for all characteristics measurements should be such that the limiting
values of the device (the maximum ratings) are not exceeded. Circuits may, for example,
include clamping diodes or resistors to limit maximum instantaneous currents and voltages.
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It is recommended that devices should not be inserted into or removed from a circuit while it
is energized.

6.4.3 Measuring instruments and power supplies

It is advisable to protect the meters and power supplies against overloads arising from faulty
semiconductor devices or incorrect connection.

6.5 Thermal conditions for measuring methods

6.5.1 General

The following recommendations for the control of thermal conditions should be observed
whenever such control is required. This degree of control will usually only be needed if the
characteristic being measured is significantly temperature-dependent.

Thermal equilibrium may be considered to have been achieved if doubling the time betwegn
til:]e application of power and the measurement causes no change in the indicated result withfin
thle expected error.

65.2 Ambient rated devices

For measurement purposes, natural air-cooling conditions apply when the ambient
telmperature is measured below a semiconductor device that’is supported by its leads in an
enclosure of a substantially uniform air temperature.

The ambient temperature T, shall be measured below the case of the device at a distange
from this case equal to about five times its diameter/ but not less than 10 mm.

The support points of the device should not‘be less than 10 mm (3/8 in) from the body of the
de¢vice, except for devices having very shoftt leads, in which case the location of the suppqrt
piints shall be specified. The supportsishall be at a temperature no less than that of the
ambient temperature.

The measurements should be gcarried out in a chamber of suitable dimensions with nop-
reflective walls, so constructed that no region where the devices may be placed is heated by
direct radiation and where natural air convection is not materially affected.

The chamber should be Tapable of maintaining, in any region where the devices may Ie
placed, a temperaturewhich is within a tolerance of +2 °C, or less if required, of a specified
teggmperature.

It|is permissiblerto stir gently the air inside the chamber, provided that this does not cool tme

devices, and provided that the same results would be obtained in a larger chamber having
omly normal convection.

NOTE  ,The reproducibility of measurements for ambient rated devices depends largely on the chamber design.

6.5.3 Case-rated devices

For measurement purposes, conduction-cooling conditions apply when the case temperature
is measured at a specified point on, or thermally near, the external surface of the device and
when heat is conducted evenly over the whole of the defined cooling area of the device.

Measurements shall be carried out under such conditions that the case-ambient thermal
resistance is as small as possible, compared with the junction-case thermal resistance.

NOTE This condition may be achieved, for example, by mounting the device in or on a large mass of metal that is
thermostatically controlled, or by mounting it in an oil bath that is thermostatically controlled.
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6.5.4 Force cooled devices

For measurement purposes, forced cooling applies when the temperature is measured at a
specified point in front of the device in the path of the flow.

Measurements shall be carried out in strict compliance with the data sheet specified
conditions.

6.6 Accuracy of measuring circuits

6J6.1 Power supplies

Ppwer-supply ripple should not affect the desired accuracy of the measurements.

6/6.2 Constant current source

Al current source should be considered constant if a two-to-one increase in the load
irlpedance does not produce a change in the value being measured that'is greater than the
pérmitted error of measurement.

6.6.3 Constant voltage source

Al voltage source should be considered constant if a two<io-one decrease in the load
irlpedance does not produce a change in the value beingr measured that is greater than the
pérmitted error of measurement.

6.6.4 Circuit conditions

If{low currents are measured, suitable precautions should be taken to ensure that parasific
cifcuit currents or external leakage currents)yare small compared with the current being
mieasured.

Chre should be taken to ensure that stray capacitance and inductance values have no effelct
om the measurement result within\the desired accuracy, or alternatively that the effects pf
stray capacitance and inductance,are taken into account in the result.

Cpupling or bypassing capagitors should present effective short circuits at the measurement
frequency. Where r.f. decoupling is important, the necessary components and/or mounting
conditions of the devige should be as specified.

Chre should be( taken to minimize spurious oscillations or distortions likely to affect the
agcuracy of thexmeasurement.

616.5 Open circuit

Alciteuit should be con3|dered as an open CII‘CUIt if a two to- -one decrease in its |mpedan e

error of measurement

6.6.6 Short circuit
A circuit should be considered short-circuited if a two-to-one increase in its impedance does

not produce a change in the value being measured that is greater than the permitted error of
measurement.

6.6.7 Lighting conditions

When a characteristic is known to be light-sensitive, the effect of lighting conditions should be
taken into account.
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6.6.8 Measuring instruments

For any device carrying large currents, separate current-carrying and voltage-measuring
contacts should be used. When this is not possible, corrections may have to be made to the
measured values of inter-terminal voltages.

In addition, for high-current devices, residual inductance should be as low as possible.

The input and output waveforms of rectifying and converting circuits may be distorted from
sinusoidal Conventional sinusoidal conversion factors are not applicable ta distorted

whpveforms, for example, from average to r.m.s. or crest values.

Therefore, allowance should be made in the measuring process. Allowance must be-made fpr
tt'E voltage drop across current-measuring circuits and for the current taken~by voltag
mleasuring circuits, if these are significant.

[42
1

6/6.9 Small signal

Al signal should be considered small if a two-to-one increase in,4its® magnitude does npt
pfoduce a change in the value being measured that is greater than the permitted error pf
mjeasurement.

(=2}

{6.10 Pulse measurements

For measurements using pulse technique, when duty~factor, pulse duration and repetition
frequency are not specified, these should be so chosen that the change in the value being
mieasured is not greater than the permitted error.6f measurement when each of the following
is|independently applied:

a) the pulse duty factor is doubled;
b] the pulse duration is doubled;

c) the pulse repetition frequency is halved.
7| Acceptance and reliability of discrete devices

1 General

Agceptance and reliability testing may be used where appropriate to augment, but not fo
rgplace, adequaté )manufacturing process control. ISO 9000 details minimum quality
rgquirements.

For devicessupplied under the IECQ system, this testing is prescribed in the relevant parts pf
thlese publications.

NOTEA The endurance tests given in 7.2 and many of the mechanical and climatic test methods included |in
IE UUT“!‘U alc >uila'uic I'UI usc i’UI daciepldaricc dlld IEiIdIUIiII.y puUrpusces.

NOTE 2 For the presentation of reliability information resulting from tests on semiconductor devices, see
IEC 60319.

7.2 Electrical endurance tests
7.21 General

Appropriate endurance tests, the failure-defining characteristics and the failure criteria are
specified in the relevant part of these publications for each category of device. This clause
contains the general requirements applicable to all device categories.
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When applied for more than 200 h, the tests are considered to be destructive.

NOTE These tests should not be confused with "burn-in" which is sometimes applied 100 % as part of the device
manufacturing process.

7.2.2 Mode of operation

The device shall be operated under steady-state (d.c., a.c. or dynamic, as appropriate)
conditions in the specified circuit configuration. In some cases, intermittent or other modes of

aration—a-aas

2.3 Mounting conditions
2.3.1 Ambient-rated devices
e free lead length between case and electrical contacts or support(s) should be preferably
¢t less than 5 mm for single-ended or for double-ended devices. Devices with lead lengths
ess than 5 mm shall be mounted in accordance with the manufacturers_recommendationjs.

The support(s) shall be maintained at a temperature within the ambientioperating temperatufe
tolerance.

7
7
T
n

7)2.3.2 Case-rated devices

The devices shall be mounted so that the specified case témperature is maintained.

712.4 Operating temperature

7 A

or
P

100 %

20 %

» °C

Tor T Tmax Tamb OF Tcase

IEC 2560/05

Figure 2 — Derating curve

The'operating temperature shall be specified at a point between Ty, and T (see Figure 2).

T OSSOt TR e al rraaooaondo b 200/ ooint o oboaa 1o oo e Lo ]
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The operating temperature shall be maintained within +5 °C for ambient-rated devices. For
case-rated devices, the average of the temperatures of the cases shall be maintained within
15 °C and any individual case temperature shall be maintained within £10 °C of the specified
operating temperature.

NOTE This operating temperature may be reached partly by dissipation of the device and partly by the ambient
temperature.
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7.2.5 Operating voltage

The operating voltage should be that recommended in the relevant part of IEC 60747 and
IEC 60748. Initial tolerances and any variations during operation shall be within £5 % for d.c.
voltages and £10 % for a.c. or pulse voltages.

7.2.6 Power dissipation or current

The devices under test shall be operated with power dissipation or current according to the
derating curve (see Figure 2), except in the case of the high-temperature blocking or reverse
bips test. Initial tolerances and any variations during operation shall be within £5 % for,d.c.
power or current and =10 % for a.c. or pulse power or current.

7{2.7 Additional tests

If{ an indication of the variation in failure rate with operating conditions, is“needed, the
combinations of voltage and power dissipation or current shown in Table 2 are recommended.

Table 2 — Failure rate operating conditions

Operating voltage Power dissipation or\current

50 %

100 %
20 %
100 %

50 % 50 %
20 %
100 %

20 %
50 %

NOTE 1 The 100 % values, refer to those recommended in the
relevant publication part forthe category of device.

NOTE 2 Some stress combinations listed above cannot be
safely applied to some device classes or types. Any specified test
conditions should.be chosen to be within the safe operating area
(avoiding therpral runaway and/or second breakdown) for the
category of device under test.

7{2.8 Duration of.test

The duration of the test should be selected from the following list:
8 36
1607, h 1 OOOi30 h

16 8
336110 h 2000 h*g

= 84
o UU0 Mg,
20 84
672 f30 h 10 000 h g,
If intermediate measurements are made, they should also be performed at the times given in

the above list and the test conditions should be re-applied within 8 h. The duration of the
measurements should not be included in the duration of the test.

Where the duration is defined by a number of cycles, the sequence 1, 2 or 5 x 10%, where »n is
an integer (including zero) shall be used.

Final measurements should be measured within 96 h of removal of the devices from the test.


https://iecnorm.com/api/?name=b1eb0271ea21dd31218681338c5e56c6

60747-1 © IEC:2006+A1:2010 -31-

7.2.9 Measurements

Measurements shall be made at an ambient or reference-point temperature of 25 + 5 °C.

Characteristics shall be measured in the sequence in which they are listed, as the changes of
characteristics caused by some failure mechanisms may be wholly or partly masked by the
influence of other measurements.

For attributes testing, data may be taken by making measurements on a go/no-go basis

(

passed or failed). For variables testing, the devices shall be individually identified andhthe
value of each specified characteristic of each device shall be measured.

72.10 Definition of failure

characteristics for its device category, is considered to be a failure. In presenting the data, t
n:l:mber of short-circuited and open-circuited devices should be given in\addition to the to
n

Al device, which after test does not meet the limits specified for one jor ‘more of tﬂve

mber of failures.

Alshort-circuited device is a device that no longer performs its required function and exhibits|a
quiasi-resistive low-impedance characteristic.

—_

NOTE The particular limit value which defines a short-circuit failure should be given in the data shee
Manufacturers may at their own discretion insert any test limits applied before carrying out acceptance tests, |to
erjsure that the devices meet their published data sheet limits after the acceptance test has been applied.

7J2.11 Precautions
7J2.11.1 Loss or removal of bias during test

Blas voltages and/or currents shall be“supplied to devices for a total time equal to the
specified test time (within the allowed tolerance). It is preferable that voltage bias(ef)
continue to be applied to devices until they have cooled to room temperature, unless it can be
established for the given device type and test conditions that no significant change pf
characteristics occurs when the device is cooled with the bias removed.

7J2.11.2 Over-temperature of ovens or other heat sources

—

Devices may be destroyed or damaged if heat-source temperature controls fail during a test;

thlerefore, heat sources should be equipped with redundant over-temperature controls to limit
thle maximum_temperature.

7]2.11.3.\_Static-electricity discharges and electromagnetic fields

Precautions should be taken regardmg apparatus and personnel to av0|d dewces being

7.2.11.4 Oscillation suppression and current limiting

Devices may be destroyed or damaged by oscillations in the circuit while under test. The
presence of oscillations may be detected by the use of a wideband oscilloscope. These
oscillations may be suppressed by adding shunt capacitor(s) and/or series inductor(s) and
resistor(s) to the test circuits.
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Devices may also be destroyed or damaged by thermal runaway occurring during a test. Such
damage may be avoided by providing fixed resistor(s) that will limit the device dissipation
during runaway. Such resistor(s) should be provided for each device rather than for groups of
devices, so that bias will not be removed from or reduced on all devices in a group if one
device becomes a short circuit. When such resistor(s) are placed close to device terminals,

th

ey will frequently function also as oscillation suppressors.

When any resistance is included in the circuit for any purpose, the bias at the device
terminals shall be as specified when the device is at thermal equilibrium under the specified

test PN
T COTTGTtrOTTST

7J2.12 Procedure in case of a testing error

1S

8

T

T

8.
A

The results of tests carried out using inaccurate or faulty test equipment or where opérator err|

suspected, shall not be included for the purpose of device assessment.

Electrostatic-sensitive devices

ne definitive standard for the handling of electrostatic sensitive devices is IEC 61340.

nis clause provides requirements for labelling of electrostatic sensitive devices af

packaging. They are applicable to discrete devices and integrated circuits.

1 Label and symbol

distinctive symbol to be used for those electrostatic sensitive devices that require speci

h

ndling is shown in Figure 4a. The symbol or label’should be used at the innermost practic

lejvel of packaging and on the device itself if.space permits. It may also be used on devi
data sheets, on storage bins, and on special protective wrapping materials. The symbol

in
8.

If
Si

m
W

©

T

bl

ended for use where available space doé&s not permit the use of a label.

1.1 Device marking

mplified version of the symbol shown in Figure 4b. When used as a device markin
onochromatic reproduction-in any colour that contrasts with the background may be use
herever possible, the ‘colour red for the symbol should be avoided as red suggests

pérsonnel hazard. If used elsewhere, the symbol should be black on a yellow background.

1.2 Label

he label comprises the symbol with the words: “ATTENTION — Observe precautions f

handling & )ELECTROSTATIC SENSITIVE DEVICES”. The symbol and lettering should £

ack onca yellow background.

space does not permit the {fdll symbol to be used, the device may be marked with the

d

al
al
Ce
is

g)
d.
a

e
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A
S|

IEC 2561/05

Figure 3a — Basic symbol

A
Alad s .

IEC 2562/05

Figure 3b — Simplified version for extreme reduction

Figure 3 — Symbol to be used for the electrostatic sensitive devices
that require special handling

2 Test methods for semiconductor devices sensitive to voltage pulses

of short\duration

number of types of semiconductor device are sensitive to voltage pulses of short duratig
ch asithose caused by electrostatic discharge occurring during normal handling.

TI

la

are sensitive to the degree that they require special handling precautions and the use of

ibed in 60749 6m

bel and symbol.

The test is regarded as destructive.

9

9.
9.
A

Product discontinuance notification

1 Definitions
1.1 Product

type of semiconductor (for example, packaged semiconductor, wafer, die, etc.).

n

a
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1.2 Product discontinuance

To cancel the supply of a product.

9.

1.3 Affected customer

A customer that has placed a purchase order with a supplier within the preceding two years
for a product which is to be discontinued, or that has indicated formally to the supplier within
the past year the intention to use product in an application, or a customer that has an
agreement with the supplier to receive all discontinuation notifications.

9.
T

o]

D
S|

C
o]l

o Qo — ©

T

2 General aspects for discontinuation

ne affected customers should receive notification that requires acknowledgement”(acti

information) and can place a last purchase order, to assure a stock for future-use of the

oduct.

pply or can give discontinuance notification to their customers.

stomer to decide on replacement or on a last purchase order

st purchase orders are different from normal orders: aast purchase order is irrevocabl
d, in case of quality problems, there is no guarantee ef\replacement products.

3 Information for the discontinuance notification

ne following information is required.

Date when the supply will be discontiqued.
for the last purchase order is atileast 6 months.

purchase order is possiblelon request from the customer.
Type number of productito be discontinued.

manufactured, ,orkwhether it is simply no longer being marketed in a given geographic
area.

discontifwuation.
ne following additional information may be given.

stributors receive notification as affected customers and can purchase,a‘stock for continugd

bntract manufacturers receive notification as affected customers and shall inform thei

Date for the last purchase order. The period between the date of notification and the date

Delivery time limit: a delayed_delivery of maximum 6 months following the date of the last

Reason for planned product discontinuance. Indicates whether a product will no longer be

The contact\person of the supplier of the discontinued product for information about the

e

al

g] Where known, the type number for the replacement product and its supplier.

h [} H H H 1) . ££ taodl Hotona o + bt okt £f oo f et ad—d HP TN
T \JOOIUIIILy TUT dTTUCULIUCU VU OLUTTTIUT O tTU uu_y uare Ilylll\) Ul IIICIIIUIO\JLUIIIIH arru UUQIE’I -

9.4 Notification

9.

4.1 Active information

The discontinuance notification shall be communicated direct by the supplier to the agreed
contact person of each affected customer. For each customer, the customer part number will
be indicated, where applicable.
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9.4.2 Passive information

The manufacturer should provide the product discontinuance notifications on the Internet.
This should include downloadable lists of discontinued products.

9.5 Retention

Product information (including discontinuance notifications) shall be kept for at least three
years after the last sales date.
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Annex A
(informative)

Presentation of IEC 60747 and IEC 60748

IEC 60747 covers semiconductor devices, primarily discrete ones but also contains some
information relevant to integrated circuits. IEC 60748 covers integrated circuits. Each
publication consists of a number of separately issued parts: IEC 60747-1, IEC 60747-2, efic,

q
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and IEC 60748-1, IEC 60748-2 etc, and each part either provides the standard for a defingd
category of semiconductor device or mandatory specifications for use in the IECQ systém fpr

ality assessment of semiconductor devices (or both).

1 Scope of the parts of IEC 60747

1.1 IEC 60747-1

or details, refer to Clause 1.)

1.2 The majority of the subsequent parts (IEC 60747-2; 1EC 60747-3, etc)

nese are the standards for the various categories of diserete semiconductor device, (f
ample, diode, transistor, etc.), and each provides information and requirements that a

ccasionally, a part is divided into separately\published subparts identified with a secor
ffix, for example, IEC 60747-2-1.

1.3 The remaining parts of IEC 60747

nese are dedicated to the IECQ“quality assessment system. They include the Genel

lid for that category in addition to the general requirements given herein. They contain the
information considered a necessary minimum for device use and interchangeability.

pr
re

d

ic

r discrete semiconductors.(These parts do not necessarily follow the presentation rul
ven in Clause A.3. Unlike.the parts described in A.1.2, these parts are mandatory minimu
quirements for devices\ip the IECQ system. See QC 001002.

DTE These standards\ean be recognized by the use of the word "specification" in the title.

2 Scope.of the parts of IEC 60748

21 IEC 60748-1

nisrovides information and requirements that are valid for all integrated circuits in additig

pecification for all semiconductor devices and the Sectional and Blank Detail Specificatio¥s

m

—

A

. 1 H + H L H
Uic yehiorar TOCYuUImTiimtTiinoe yrverr TICTTITT.

2.2 The majority of the subsequent parts of IEC 60748

These contain the standards for the various categories of integrated circuit (for example,
digital, interface, etc.) and each provides information and requirements that are valid for that
category in addition to the general requirements given herein.


https://iecnorm.com/api/?name=b1eb0271ea21dd31218681338c5e56c6

	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Device structure
	3.2  Elements and circuits
	3.3 Thermal characteristics properties
	3.4 Noise
	3.5 Conversion loss
	3.6 Stability of characteristics
	3.7 Pulse switching times

	4 Letter symbols
	4.1 General
	4.2 Letter symbols for currents, voltages and powers
	4.3 Letter symbols for signal ratios expressed in dB
	4.4 Letter symbols for other electrical properties
	4.5 Letter symbols for other properties
	4.6 Presentation of limit values

	5 Essential ratings and characteristics
	5.1 General
	5.2 Relationship between conditions of use, ratings and characteristics
	5.3 Standard format for the presentation of published data
	5.4 Type identification
	5.5 Terminal and polarity identification
	5.6 Electrical ratings and characteristics
	5.7 Cooling conditions
	5.8 Recommended temperatures
	5.9 Recommended voltages and currents
	5.10 Mechanical ratings (limiting values)
	5.11 Mechanical characteristics
	5.12 Multiple devices having a common encapsulation

	6 Measuring methods
	6.1 General
	6.2 Alternative methods of measurement
	6.3 Measurement accuracy
	6.4 Protection of devices and measuring equipment
	6.5 Thermal conditions for measuring methods
	6.6 Accuracy of measuring circuits

	7 Acceptance and reliability of discrete devices
	7.1 General
	7.2 Electrical endurance tests

	8 Electrostatic-sensitive devices
	8.1 Label and symbol
	8.2 Test methods for semiconductor devices sensitive to voltage pulses of short duration

	9 Product discontinuance notification
	9.1 Definitions
	9.2 General aspects for discontinuation
	9.3 Information for the discontinuance notification
	9.4 Notification
	9.5 Retention

	Annex A (informative) Presentation of IEC 60747 and IEC 60748 
	Annex B (informative) Clause cross-references from first edition of IEC 60747-1 (1983) 
	Bibliography
	Figures
	Figure 1 – Example of the application of the rules to a periodic current
	Figure 2 – Derating curve
	Figure 3a – Basic symbol
	Figure 3b – Simplified version for extreme reduction
	Figure 3 – Symbol to be used for the electrostatic sensitive devices that require special handling

	Table 1 – Presentation of limit values with the two conventions
	Table 2 – Failure rate operating conditions

	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	3.1 Structure du dispositif
	3.2 Eléments et circuits
	3.3 Caractéristiques Propriétés thermiques
	3.4 Bruit
	3.5 Perte de conversion
	3.6 Stabilité des caractéristiques
	3.7 Temps de commutation d'impulsion

	4 Symboles littéraux
	4.1 Généralités
	4.2 Symboles littéraux pour les courants, les tensions et les puissances
	4.3 Symboles littéraux pour les rapports de signaux exprimés en dB
	4.4 Symboles littéraux pour les autres propriétés électriques
	4.5 Symboles littéraux pour d’autres propriétés
	4.6 Présentation des valeurs limites

	5 Valeurs limites et caractéristiques essentielles
	5.1 Généralités
	5.2 Relation entre les conditions d’utilisation, les valeurs limites et les caractéristiques
	5.3 Feuille cadre pour la présentation des données publiées
	5.4 Identification de type
	5.5 Identification des bornes et de la polarité
	5.6 Valeurs limites et caractéristiques électriques
	5.7 Conditions de refroidissement
	5.8 Températures recommandées
	5.9 Tensions et courants recommandés
	5.10 Valeurs limites mécaniques
	5.11 Caractéristiques mécaniques
	5.12 Dispositifs multiples ayant une encapsulation commune

	6 Méthodes de mesure
	6.1 Généralités
	6.2 Autres méthodes de mesure
	6.3 Précision des mesures
	6.4 Protection des dispositifs et de l’appareillage de mesure
	6.5 Conditions thermiques des méthodes de mesure
	6.6 Précision des circuits de mesure

	7 Réception et fiabilité des dispositifs discrets
	7.1 Généralités
	7.2 Essais d’endurance électriques

	8 Dispositifs sensibles aux charges électrostatiques
	8.1 Etiquette et symbole
	8.2 Méthodes d'essai pour les dispositifs à semiconducteurs sensibles à des impulsions de tension de courte durée

	9 Notification de suppression d’un produit
	9.1 Définitions
	9.2 Aspects généraux de la suppression
	9.3 Informations pour la notification de suppression
	9.4 Notification
	9.5 Conservation

	Annexe A (informative) Présentation de la CEI 60747 et de la CEI 60748 
	Annexe B (informative) Références croisées des articles de la première édition de la CEI 60747-1 (1983) 
	Bibliographie
	Figures
	Figure 1 – Exemple d’application des règles à un courant périodique
	Figure 2 – Courbe de réduction
	Figure 3 – Symbole à utiliser pour les dispositifs sensibles aux charges électrostatiques nécessitant une manipulation spéciale

	Tableau 1 – Représentation graphique des valeurs limites dans les deux conventions
	Tableau 2 – Taux de défaillance en fonction des conditions de fonctionnement




