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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC COMPONENTS -
RELIABILITY -
REFERENCE CONDITIONS FOR FAILURE RATES
AND STRESS MODELS FOR CONVERSION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The object| of IEC is to promote

this end and in addition to other activities, IEC publishes International Standard nica e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e €
Publication(s)”). Their preparation is entrusted to technical committees; any C mittee’interested
in the subject dealt with may participate in this preparatory work. i 9
governmental organizations Iiaising with the IEC also participate in thi

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt S possible, an international
consensus of opinion on the relevant subjects since eac i
interested IEC National Committees.

3) IEC Publications have the form of recom

4)
5) Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

6)
7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
ever/ whether direct or indirect, or for costs (including legal fees) and
the publication, use of, or reliance upon, this IEC Publication or any other IEC
8) ormative references cited in this publication. Use of the referenced publications is
9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€_shall ot be held responsible for identifying any or all such patent rights.

International Standard IEC 61709 has been prepared by IEC technical committee 56:
Dependability.

This second edition cancels and replaces the first edition, published in 1996 and constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

— the addition of a number of component types and the updating of models for a large
number of component types;

— the addition of annexes on reliability prediction, sources of failure rate data and
component classification information.
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The text of this standard is based on the following documents:

FDIS Report on voting
56/1422/FDIS 56/1431/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

The committee has decided that the contents of this publication will remain~unchanged until

he in the data

related to the specific publication. At this date, the publication will be

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@®
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INTRODUCTION

This International Standard is intended for the reliability prediction of components as used in
equipment and is aimed at organizations that have their own data and describes how to state
and use that data in order to perform reliability predictions.

It can also be used to allow an organization to set up a failure rate database and describes
the reference conditions for which field failure rates should be stated. The reference
conditions adopted in this standard are typical of the majority of applications of components in
equipment however when components operate under other conditions the users may consider
stating these conditions as their reference conditions.

Using the presented stress models allows extrapolation of failure rates to other operating

This standard does not contain failure~rates, hut it ‘degcri w they can be stated and
used. This approach allows a user to<select nd up to date failure rates for
the prediction from a source that they andard also contains information on how
to select the data that can be used in the¢
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ELECTRIC COMPONENTS -
RELIABILITY -
REFERENCE CONDITIONS FOR FAILURE RATES
AND STRESS MODELS FOR CONVERSION

1 Scope

This International Standard gives guidance on how failure rate data can be employed for
reliability prediction of electric components in equipment.

This standard also gives guidance on =~o 3 tab omponent failure data can be
constructed to provide failure rates (that with the included stress models.
Reference conditions for fai i so that data from different sources
can be compared on a uAi S rate data are g|ven in accordance W|th this
International Standard the in i

This standard does.no
that allow failur 3
NG i

to another operati

ods in this standard have a general application but are
of component types as defined in Clause 6 and Clause E.2.

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-191, International Electrotechnical Vocabulary — Part 191: Dependability and
quality of service

IEC 60605-6, Equipment reliability testing — Part 6: Tests for the validity and estimation of the
constant failure rate and constant failure intensity

IEC 60721-3-3, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 3: Stationary use at weather
protected locations
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IEC 60721-3-4, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

IEC 60721-3-5, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 4: Ground vehicle installations

IEC 60721-3-7, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 7: Portable and non-stationary use

3 Terms, definitions and symbols

3.1 Terms and definitons

For the purpose of this document, the terms and definitions of IEC as the

following terms and definitions apply.

3.11

electric component
component with conductive terminals through which voltages ©
delivered

ay be applied or

[IEC 61360-1:2009, 2.18]

NOTE The term electric component includes OMR used™terms’ “electronic component”, “electrical

component” and “electro-mechanical component’

3.1.2
failure (of an item)
loss of ability to perfor

NOTE 1 When the lgss of a
circumstances is enre

NOTE 2 A failure of an {

3.1.3
failure mode

NOTE A failu oo be defined by the function lost or the state transition that occurred.
314

instantaneous failure rate

failure rate

limit, if it exists, of the ratio of the conditional probability that the instant of a failure of a non-
repairable item occurs within time interval (z, ¢ + 4t) to 4t when At tends to zero, given that it
has not failed within time interval (0,7)

NOTE 1 The instantaneous failure rate, A(¢), is expressed by the formula:

1 Fle+a)-F@) _ f(0)

A= AItiTO At R(¢) R(¢)

where F(t) and f(t) are respectively the distribution function and the probability density of the failure instant, and
where R(r) is the reliability function, related to the reliability R(z4, t5) by R(?) = R(0, 1).

NOTE 2 See IEC 61703.
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NOTE 3 Other terms used for instantaneous failure rate are “hazard function”, “hazard rate” and “force of
mortality” (abbreviation FOM).

NOTE 4 In this standard A(z) is assumed to be constant over time.

3.1.5

reference conditions

stresses selected so as to correspond to the majority of applications and usage of
components in equipment

NOTE Stresses include electrical stress, temperature and environmental conditions

3.1.6
reference failure rate
failure rate stated under reference conditions given in this standard

NOTE The reference failure rate is specific to the component, i.e. it includes the
of the casing, dependence on manufacturers and the manufacturing process, etc.

echnology

3.1.7
duty cycle
specified sequence of operating condition

[IEC 60050-151:2001, 151-16-02]

NOTE The duty cycle states whether comp® e i i ittently stressed during their
operation. Continuous duty means operation<for a\lorfg duration with or changing loads (e.g. process

3.1.8
prediction

NOTE The term "predictio

3.1.9
component
constituent part

3.1.10
equipment

installation, or all devices necessary to perform a specific task

NOTE Examples of equipment are a power transformer, the equipment of a substation, or measuring equipment.

[IEC 60050-151:2001, 151-11-25]

3.1.11

useful life

time interval, from first use until user requirements are no longer met, due to economics or
obsolescence

3.1.12

drift

difference between the final value of a characteristic at the end of a specified period and the
initial value, all other operating conditions being held constant
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NOTE The use of the term "drift" to refer to the immediate change of a characteristic in direct response to
changed operating conditions (for example, temperature) is deprecated.

[IEC 60747-1:2006, 3.6.1, modified]

3.1.13

virtual temperature

internal equivalent temperature (of a semiconductor device)

theoretical temperature which is based on a simplified representation of the thermal and
electrical behaviour of the semiconductor device

[IEC 60050-521: 2002, 521-05-14, modified]

3.1.14
virtual (equivalent) junction temperature
virtual temperature of the junction of a semiconductor device

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

NOTE The virtual temperature is not necessarily the highest temperat
3.2 Symbols

In this standard, the following symbols are used:

S number of operating cycl

E, activation energy of a failure™proces
Iop operating current

Ioat rated current

reference’temperature in Kelvin

Uop operating voltage

Urat rated voltage

Uvet reference voltage

Iy fraction of time with part stress for an assembly
2 fraction of time spent idle for an assembly

I fraction of time with full stress for an assembly
s shape parameter of the Weibull distribution

AT actual self-heating in degrees Celsius

AT o reference self-heating in degrees Celsius

Bamb ambient temperature in degrees Celsius

— for capacitors the actual capacitor temperature;
— for discrete semiconductors and optoelectronic components the actual junction
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temperature;

for inductors the actual winding temperature;

for integrated circuits (ICs) the actual virtual (equivalent) junction temperature;
for other electric components the actual ambient temperature;

for resistors the actual resistor element temperature;

Gop operating temperature in degrees Celsius

& reference ambient temperature in degrees Celsius

Oref reference temperature in degrees Celsius
— for capacitors the reference temperature of the capacitor;
— for discrete semiconductors and optoelectronic compo the reference

junction temperature;

— for inductors the reference temperature of the winding;
— for ICs the reference virtual (equivalent) junction tempera
— for other electric components the reference temperat ponent;
— for resistors the reference temperature of th

A failure rate at full stress for an assembly:

Ay failure rate at part stress for an assembl

A failure rate during time spent idle for e

Acomponent failure rate of a compone

Amode failure rate of a components™failure

Ag failure rate of a system;

A failure rate under operating cons;

Aref failure efe onditions;

7

7ES

7E

Top

7S

a

Qv

4 Context

4.1 Failure modes

The characteristic preferred for reliability data of electric components is the (instantaneous)
failure rate. It is to be noted that, although it is often generically defined as failure, the exact
observed event that is measured is a failure mode.

In equipment a failure (mode) or functional loss is caused by a component failure mode where
that component failure mode is relevant to the application being carried out by the equipment.

It should be noted that a component has many features and only some may be used in the
specific application. A function loss at the equipment level occurs only when there is a loss of
the component feature that is used to support that function.

Furthermore a circuit requires the presence of component features according to what was
defined by the designer; this may not encompass the total feature set of the component and



