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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

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

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible for any
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 and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
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 of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61709 has been prepared by IEC technical committee 56:
Dependability.

This third edition cancels and replaces the second edition, published in 2011. This edition
constitutes a technical revision. This third edition is a merger of IEC 61709:2011 and
IEC TR 62380:2004.

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

a) addition of 4.5 Components choice, 4.6 Reliability growth during the deployment phase of
new equipment, 4.7 How to use this document, and of Clause 19 Printed circuit boards
(PCB) and Clause 20 Hybrid circuits with respect to IEC TR 62380;

b) addition of failure modes of components in Annex A;

c¢) modification of Annex B, Thermal model for semiconductors, adopted and revised from
IEC TR 62380;

d) modification of Annex D, Considerations on mission profile;
e) modification of Annex E, Useful life models, adopted and revised from IEC TR 62380;
f)  revision of Annex F (former B.2.6.4), Physics of failure;

g) addition of Annex G (former Annex C), Considerations for the design of a data base on
failure rates, complemented with parts of IEC 60319;

h) addition of Annex H, Potential sources of failure rate data and methods of selection;

i) addition of Annex J, Presentation of component reliability data, based on IEC 60319.

The text of this standard is based on the following documents:

FDIS Report on voting
56/1714/FDIS 56/1721/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
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

The contents of the corrigendum of October 2019 have been included in this copy.
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INTRODUCTION

This document is intended for the reliability prediction of electric 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 document 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 from reference
conditions to other operating conditions which in turn permits the prediction of failure rates at
assembly level. This allows estimation of the effect of design changes or changes in the
environmental conditions on component reliability. Reliability prediction is most useful in the
early design phase of-electrical equipment. It can be used, for example, to identify potential
reliability problems, the planning of logistic support strategies and the evaluation of designs.

The stress models contained herein are generic and are as simple as possible while still being
comparable with more complex equations contained in other models. The predictions
generated using this document have a wide range of prediction accuracy.

This document does not contain failure rates, but it describes how they can be stated and
used. This approach allows a user to select the most relevant and up to date failure rates for
the prediction from a source that they select. This document also contains information on how
to select the data that can be used in the presented models.

The failure rates considered in this document are assumed to be constant, either for an
unlimited period of operation (general case) or for limited periods. The limitation of life is
called useful life and applies only for some few component families, reaching the wear-out
failure period (during which the failure rate is increasing) within the normal period of use. It is
hence assumed that during useful life, the failure rate can be considered constant for any
practical use.

For the purposes of this document the term electric component includes the commonly used

L]

terms “electronic component”, “electrical component” and “electro-mechanical component”.
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ELECTRIC COMPONENTS -
RELIABILITY -
REFERENCE CONDITIONS FOR FAILURE RATES
AND STRESS MODELS FOR CONVERSION

1 Scope

This document gives guidance on-hew the use of failure rate data—can—be-employed for
reliability prediction of electric components used in equipment.

The method presented in this document uses the concept of reference conditions which are
numerical the typical values of stresses that are observed by components in the majority of
applications.

operating provide a known standard basis from which failure rates can be modified to account
for differences in environment from the environments taken as reference conditions. Each
user can use the reference conditions defined in this document or use their own. When failure
rates stated at reference conditions are used it allows realistic reliability predictions to be
made in the early design phase.

The stress models described herein are generic and can be used as a basis for conversion of
failure rate data given at these reference conditions to actual operating conditions when
needed and this simplifies the prediction approach. Conversion of failure rate data is only
permissible possible within the specified functional limits of the components.

This document also gives guidance on how a database of component failure data can be
constructed to provide failure rates that can be used with the included stress models.
Reference conditions for failure rate data are specified, so that data from different sources
can be compared on a uniform basis. If failure rate data are given in accordance with this
document then-—ne additional information on the specified conditions—is—reguired can be
dispensed with.

This document does not provide base failure rates for components — rather it provides models
that allow failure rates obtained by other means to be converted from one operating condition
to another operating condition.

The prediction methodology described in this document assumes that the parts are being
used within its useful life. The methods in this document have a general application but are
specifically applied to a selection of component types as defined in Clauses 6 to 20 and 1.2.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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 60050-192:2015, International electrotechnical vocabulary — Part 192: Dependability






IEC 61709:2017-02(en-fr)

IEC IEC 61709

o
®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 3.0 2017-02

colour
inside

Electric components — Reliability — Reference conditions for failure rates and
stress models for conversion

Composants électriques — Fiabilité — Conditions de référence pour les taux de
défaillance et modéles de contraintes pour la conversion




-2- IEC 61709:2017 © IEC 2017

CONTENTS

O T O I S 9
INTRODUGCTION ...ttt et e e e e e e e e e e et e e e e e et e et e e e e eenns 11
1 Yoo ] o1 YOO 12
2 NOIMAtiVE FEFEIENCES .. oeeii e e 12
3 Terms, definitions and SYMDbDOIS ... 12
3.1 Terms and definitioNS .. ... 12
3.2 S MO e 16

4 Context and CONAIIONS ... ccuuiiii et 17
4.1 Failure modes and MeChaniSmMS ... ..o, 17
4.2 Thermal MOAElliNg ..o e 18
4.3 Mission profile consideration....... .. ..o 18
4.3.1 GBNETAl e 18
4.3.2 Operating and non-operating conditions ............ccooiiiiiiiiiii i 18
4.3.3 DOMMANCY .ttt 19
4.3.4 ] (0] = o 1 PP 19

4.4 Environmental Conditions ..., 19
4.5 ComMPONENES CROICE ....ouiiii e e e as 21
4.6 Reliability growth during the deployment phase of new equipment........................ 22
4.7 How to use this document.... ..o, 23

5  Generic reference conditions and stress ModelS.........ooviiiiiiiiiiiin 24
5.1 Recommended generic reference conditions............coooiiiiiiiiiiiii i 24
5.2 Generic Stress MOAEIS ... 25
5.21 GBNETAl e 25
5.2.2 Stress factor for voltage dependence, zy .....ccoooeiiiiiiiiiiiiiii 26
5.2.3 Stress factor for current dependence, 7j........oooiviiiiiiiiiiii 26
5.2.4 Stress factor for temperature dependence, 71 ..........cooiiiiiiiiii 26
5.2.5 Environmental application factor, zg ... 28
5.2.6 Dependence on switching rate, zg ........coooooiiiii 28
5.2.7 Dependence on electrical Stress, zpg......coooovviiiiiiiiiiiii 29
5.2.8 Other factors of iNfIUENCE ..o 29

6  Integrated semiconNdUCIOr CIFCUILS . ...ocuuiitiiii e 29
6.1 Specific reference CoNditioNS . ... 29
6.2 Specific stress MOdels ... 31
6.2.1 GBIl Lo 31
6.2.2 Voltage dependence, factor 7y ........coooooiiiiiiiiiiiiii 32
6.2.3 Temperature dependence, factor 71 ... 32

7 Discrete semMICONAUCTONS .. ..ouiiii e 35
71 Specific reference conditions ... 35
7.2 SpPeCific STress MOAEIS . ...iveiii 36
7.2.1 GBIl L 36
7.2.2 Voltage dependence for transistors, factor zy .........cccooeeiiiiii 37
7.2.3 Temperature dependence, factor 77 ....oooveviiiiiiiiiii 37

8  OptoeleCtroniC COMPONENTS ....iuiiiiii it e e e e e e e e e e e e e eas 39



IEC 61709:2017 © IEC 2017 -3-

8.1 Specific reference conditions ... 39
8.2 SpPeCific STress MOAEIS . ..uivniii 41
8.2.1 L= a1 = PP 41
8.2.2 Voltage dependence, factor 7z ........coooiiiiiii 41
8.2.3 Current dependence, factor 7| .......oouuiiiiiiii i 41
8.2.4 Temperature dependence, factor 7 ....oooviviiiiiiiiii 42

1S R O o 1= o1} (o PP 44
9.1 Specific reference conditions ... 44
9.2 SpPeCific Stress MOl .......ouniii 44
9.2.1 LT =Y o =T =¥ P 44
9.2.2 Voltage dependence, factor 7y .......cooviiiiiiiiiiiiii e 44
9.2.3 Temperature dependence, factor 71 ... 46

10 Resistors and resistor NetWOIKS .. ... e 47
10.1  Specific reference conditioNS .......c.iiiiiiiii 47
10.2  Specific Stress MOdelS ... 48
10.2.1 GBIl e 48
10.2.2 Temperature dependence, factor 71 ... 48

11 Inductors, transformers and COIlS..........o.iriiiii e 49
11.1  Reference CONitiONS ...t 49
11.2  Specific stress Model ... ..o 49
11.2.1 GBIl Lo 49
11.2.2 Temperature dependence, factor z1 ... 49

T2 MICIOWAVE AOVICES ..ottt et e e ettt e e e e eaees 50
12.1  Specific reference CoNditioNS .......c.iiiiiiiii 50
12.2  Specific stress MOdelS ... 51
13 Other pasSiVe COMPONENTS ......iiiiiiiiiei e e e e e e eaees 51
13.1  Specific reference conditions ... ... 51
13.2  SpecCific StresSs MOAEIS ....uiviiii e 51
14 Electrical CONNECHIONS ... e 51
14.1  Specific reference conditionS .........ooiiiiiiii 51
14.2  Specific Stress MOdelS ... oo 52
15 Connectors and SOCKETS . ... 52
15.1  Reference conditions ... 52
15.2  SpecCific StresSsS MOAEIS .....iviiii 52
T R AY S ittt 52
16.1  Reference conditions ... 52
16.2  Specific Stress MOdelS ... 53
16.2.1 GBIl L 53
16.2.2 Dependence on switching rate, factor zg ............ooooiiii 53
16.2.3 Dependence on electrical stress, factor zgg ........ccoceeeiiiiii, 54
16.2.4 Temperature dependence, factor 71 ... 55

17  Switches and push-buttons ... ... 55
17.1  Specific reference conditioNS .......c.iiiiiiiii 55
17.2  Specific stress Model ... ..o 56

17.2.1 (7= 1Y = | N 56



-4 - IEC 61709:2017 © IEC 2017

17.2.2 Dependence on electrical stress, factor zgg ........cccoeviiiiiiiii 56

18 Signal and pilot lamPs ... 57
18.1  Specific reference conditions ... ... 57
18.2  SpecCific Stress MOl ... ...iveiiii 57
18.2.1 LT =Y o =T =¥ 57
18.2.2 Voltage dependence, factor 7 .....cocoouiiiiiiiiiii 58

19  Printed circuit boards (PCB) ... 58
20 HYDBIIA CIFCUITS ottt e eas 58
Annex A (normative) Failure modes of components ........coooiiiiiiiiiiiiii 59
Annex B (informative) Thermal model for semiconductors...........cccooviiiiiiiiii e, 62
B.1 Thermal MOl ... .. e 62
B.2 Junction temperature calculation...........cooiiii 63
B.3 Thermal resistance evaluation ... 64
B.4 Power dissipation of an integrated CirCuit P...........ccoiiiiiiiii 65
Annex C (informative) Failure rate prediction ..o 68
C.1 =Y a1 =Y S 68
C.2 Failure rate prediction for assemblies ... 68
C.21 GBIl e 68
C.2.2 Assumptions and limitations ... 69
C.2.3 Process for failure rate prediction ... 69
C.24 Prediction MOdeIS ... ... 70
C.2.5 Other methods of reliability prediction ..., 71
C.2.6 Validity considerations of reliability models and predictions ........................... 72

C.3 Component CoNSIAerations. ... ....ooe i 73
C.3.1 Component MOAEI .....iuiiii e 73
C.3.2 Components classifiCation ..........ccooiiiiiii i 73

C4 General consideration about failure rate ... 73
C.4.1 GBIl i 73
C4.2 General behaviour of the failure rate of components................... 74
C.4.3 Expected values of failure rate...........cooooiiiiiiiii i, 75
C4.4 Sources of variation in failure rates ... 75
Annex D (informative) Considerations on mission profile.............coooi i, 77
D.1 LT o= = | 77
D.2 D Lo oo ¢ =1 o 1Y 77
D.3 MiISSION PrOfile oo e 78
D.4 Example of mission profile ... 79
Annex E (informative) Useful life Models. ..o 80
E.1 L= a1 =Y N 80
E.2 POWET traNSISIOrS ... 80
E.3 [0 o] { Yo7 0T U1 ] 1T = 80
E.3.1 USETUI TIfE L oot 80
E.3.2 FaCtOr Ly .o oo 81
E.3.3 FaCtOr Qoo 81
E.3.4 FaCtOr K oo 82
E.3.5 FACIOr K9 i 82
E.3.6 FaCtor K3 .o 82

E.4 LED and LED MOAUIES ... ..eeie et e et e 83



IEC 61709:2017 © IEC 2017 -5-

E.41 USEIUI TIfE L et 83
E.4.2 FaCtOr Ly oo 83
E.4.3 FaCtOr K .oooeeieee 84
E4.4 FaCtOr K oo 84
E.4.5 FaCIOr K9 i 85
E.4.6 FaCtor K3 .o 85
E.5 Aluminium, non-solid electrolyte capacitors............oooi i 85
E.6 L= = Y 86
E.7 Switches and Keyboards ... 86
E.8 (@70 o1 1= o (o] = 86
Annex F (informative) Physics of failure ... 87
F.1 L= a1 Y 87
F.2 Failure mechanisms of integrated CirCuits ... 88
Annex G (informative) Considerations for the design of a data base on failure rates ............ 89
GA1 GBI AL e s 89
G.2 Data collection acquisition — collection process.........cccovvviiiiiiiiiiiiiii e, 89
G.3 Which data to collect and how to collect it...........oooi i, 89
G.4 Calculation and deciSion MaKing .........cccuviiiiiiiiiiie e 90
G.5 Data deSCriPliONS .. e 90
G.6 Identification of COMPONENTS ......iiii i 90
G.6.1 GBIl L s 90
G.6.2 Component identification ... ... 91
G.6.3 Component tECHNOIOGY ....iveiiii e 91
G.7 Specification of COMPONENtS .. .o 91
G.7.1 GBIl e s 91
G.7.2 Electrical specification of components ... 91
G.7.3 Environmental specification of components ... 92
G.8 Field related issues data ..o 92
G.8.1 GBNEIAl e 92
G.8.2 Actual field CONditIONS .. ... 92
G.8.3 Data on field failures. ... ... 92
G.9 Test related issues data........ooeiiiii 93
G.9.1 GBIl L 93
G.9.2 Actual test conditionSs ... 93
G.9.3 Data on test failures ... 93
G.10 Failure rate database attributes ....... ... 94
Annex H (informative) Potential sources of failure rate data and methods of selection ......... 96
H.1 LT =Y 1Y - | PRSPPI 96
H.2 Data SoUrCe SEIECHION .....cuii i 96
H.3 US I data .. .o 97
H.4 Manufacturer's data .. .. ..o e 97
H.5 Handbook reliability data..........cooooi 98
H.5.1 GBNEIAl e 98
H.5.2 Using handbook data with this document ... 98
H.5.3 List of available handbooks ...... .o 99
Annex | (informative) Overview of component classification ...............c.cooiiiiinn . 102
1.1 GBI AL e 102

1.2 The IEC 61360 SYStEM .. .cooii e 102



-6- IEC 61709:2017 © IEC 2017

1.3 Other SY S M.t 110
1.3.1 L= a1 = Y PPN 110
1.3.2 NATO StOCK NUMDEIS ... e 110
1.3.3 UNSPSC COUBS .onitiiiiiiiieiie et e e et et e et e et e et e enaees 110
1.3.4 STE P EXP RES S ..o 110
1.3.5 B Q) it 110
1.3.6 B AL S e 111
1.3.7 ST O R 1Y 7 PP 111
1.3.8 MIL SpeCifiCatioNs .. ..o 111
Annex J (informative) Presentation of component reliability data.................co.ccoiii. 112
J.1 L= a1 Y PP 112
J.2 Identification of COMPONENTS ..o 112
J.2.1 GBNEIAl e 112
J.2.2 Component identification ..o 113
J.2.3 Component tECNOIOGY ....cuuiii 113
J.3 Specification of COMPONENES ... 113
J.3.1 GBNEIAl e 113
J.3.2 Electrical specification of components ... 113
J.3.3 Environmental specification of components ............ccoooiiiiiiiiiii 113
J.4 Testrelated issues data.........cooiiiiiiiii 113
J.4.1 L= a1 = PPN 113
J.4.2 Actual test CoNditioNS ... 114
J.5 Data on test failUres .. ... 114
Annex K (informative) EXampPIes ....couiriiiiiie e 116
K.1 Integrated CirCUIt ... e e 116
K.2 T AN S S Or et 116
K.3 (@2 0T Tod | (o] SRS 116
K.4 = = PP 117
Bl O G AP Y e 118
Figure 1 — Comparison of the temperature dependence of zt for CMOS IC.......................... 24
Figure 2 — Selection of stress regions in accordance with current and voltage-operating
foTo] gL 11 4]0 o 1= TP PPN 54
Figure 3 — Selection of stress regions in accordance with current and voltage-operating
LoToT Yo L1 {0 1= S PP 56
Figure B.1 — Temperatures inside equipment .. .. ... 63
Figure B.2 — Thermal resistance model...........oiiii 64
Figure D.1 — MiSSion Profile ... e 79
Table 1 — BasiC €NVIFONMENTS ... e et 20
Table 2 — Values of environmental parameters for basic environments .......................... 21
Table 3 — Recommended reference conditions for environmental and mechanical
SN S S S ittt e 25
Table 4 — Environmental application factor, zg ...........cocoiiiiiiiiii 28
TADIE O — M BIMOTY ettt e 30
Table 6 — Microprocessors and peripherals, microcontrollers and signal processors ............. 30

Table 7 — Digital logic families and bus interfaces, bus driver and receiver circuits ............... 30



IEC 61709:2017 © IEC 2017 -7-

Table 8 — ANAIOG 1€ o 31
Table 9 — Application-specific ICS (ASICS) ..uiuniinii e 31
Table 10 — Constants for voltage dependencCe .........cco.oiiiiiiiiii i 32
Table 11 — Factor ny for digital CMOS-family ICs...........ccooiiiiiiiii 32
Table 12 — Factor zy for bipolar analog ICs ...........ccooiiiiiiiiii 32
Table 13 — Constants for temperature dependence ...........ooeiiiiiiiiiiii i 32
Table 14 — Factor 7=y for ICs (without EPROM; FLASH-EPROM; OTPROM; EEPROM,;

B A R O ) e 34
Table 15 — Factor z1 for EPROM; FLASH-EPROM; OTPROM; EEPROM; EAROM............... 34
Table 16 — Transistors common, IOW frEQUENCY........iiuiiiiiie e 35
Table 17 — Transistors, microwave, (e.g. RF > 800 MHZ) ..........cooiiiiiiiii e, 35
= 1oL oI e R B T e To L= PPN 36
Table 19 — Power SEmMICONAUCTONS .. ... e 36
Table 20 — Constants for voltage dependence of transistors ..o, 37
Table 21 — Factor 7y for transistors ............cccoiiii 37
Table 22 — Constants for temperature dependence of discrete semiconductors .................... 37
Table 23 — Factor 71 for transistors, reference and microwave diodes ..................ccccoooeeeeee. 38

Table 24 — Factor 77 for diodes (without reference and microwave diodes) and power

£S7=Y 0 0] oo s T LU Ko {o ] = 0P 38
Table 25 — Optoelectronic semiconductor signal reCeivers ...........ccooviiiiiiiii i, 39
Table 26 — LEDs, IREDs, laser diodes and transmitter components ...............cocoeoviiiiiinnnnn.. 39
Table 27 — Optocouplers and light barriers. ... 40
Table 28 — Passive optical components ... ... 40
Table 29 — Transceiver, transponder and optical sub-equipment..............ccooiiiiiiiiiiinnnnes. 40
Table 30 — Constants for voltage dependence of phototransistors.............cccooiiiiiiiiinnn. 41
Table 31 — Factor 7y for phototransistors ... 41
Table 32 — Constants for current dependence of LEDs and IREDS...........ccooiiiiiiiiiiiiiicnnee. 42
Table 33 — Factor 7) for LEDS and IREDS ... 42
Table 34 — Constants for temperature dependence of optoelectronic components ................ 42
Table 35 — Factor 71 for optical components............. 43
Table 36 — CaPaCitOrS ... e e 44
Table 37 — Constants for voltage dependence of capacitors............ccoeviiiiiiiiiiiieee, 45
Table 38 — Factor zy for capacitors.............cooooiiiiii 45
Table 39 — Constants for temperature dependence of capacitors ..., 46
Table 40 — Factor 7z for capacitors. ... 47
Table 41 — Resistors and resistor NetWOrKsS ... ..o e 48
Table 42 — Constants for temperature dependence of resistors...........cooooiiiiiiinn. 48
Table 43 — Factor 7z for resistors ... 49
Table 44 — Inductors, transformers and COIlS... ... 49
Table 45 — Constants for temperature dependence of inductors, transformers and coils ...... 49

Table 46 — Factor 71 for inductors, transformers and coils ... 50



-8- IEC 61709:2017 © IEC 2017

Table 47 — MIiCrOWaAVE GEVICES .. ueeiiiiee e e e e e e 50
Table 48 — Other passSive COMPONENTS .. ...iiiiii e e e e 51
Table 49 — Electrical CONNECHIONS. ... ... e 52
Table 50 — Connectors and SOCKELS ... ..o e 52
TADIE 51 — R AYS .ot 53
Table 52 — Factor zgg for low currentrelays ..o, 54
Table 53 — Factor zgg for general purpose relays ..........coooooiiiiiiiiiiic e 54
Table 54 — Factor zgg for automotive relays.................. 55
Table 55 — Constants for temperature dependence of relays........cc.covvviiiiiiiii i, 55
Table 56 — Factor 7z for relays ... 55
Table 57 — Switches and push-buttons..........ooii e 56
Table 58 — Factor zgg for switches and push-buttons for low electrical stress..................... 57
Table 59 — Factor zgg for switches and push-buttons for higher electrical stress ................. 57
Table 60 — Signal and pilot [amMPS ... 57
Table 61 — Factor 7y for signal and pilot 1amps........oooeiii e 58
Table A.1 — Failure modes: ICs (digital) ......ccooeiniiiii e 59
Table A.2 — Failure modes: transistors, diodes, optocouplers.........ccocviiiiiiiiiiiiiiciiiieeeeee 60
Table A.3 — Failure modes: LEDS. ... e 60
Table A.4 — Failure modes: laser diodes and modules ..., 60
Table A.5 — Failure modes: photodiodes and receiver modules............cocevviiiiiiiieiiieeeeene, 60
Table A.6 — Failure modes: CapaCitOrS ... ..iu i e 61
Table A.7 — Failure modes: resistors, inductive devices, relays...........ccooviiiiiiiiiiiiiinnnenn. 61
Table B.1 — Thermal resistance as a function of package type, pin number and airflow

2o (o | S 65
Table B.2 — Typical values Of v @re K ..o 65
Table B.3 —Values of By @Nd B oeeenoiiiiiieie e 66
Table E.1 — Useful life limitations for switches and keyboards.............cooiiiiiiiiin e, 86
Table F.1 — Failure mechanism for Integrated cCircuits ..., 88
Table G.1 — Reliability prediction database attributes................ 95
Table H.1 — Result of calculation for transistors common, low frequency.............cccceveniennn.n. 99
Table H.2 — Sources of reliability data (in alphabetical order).............ccooiiiiiiiiiiine, 99

Table 1.1 — Classification tree (IEC 61360-4).......couiiiiiiiiii e 103



IEC 61709:2017 © IEC 2017 -9-

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 standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

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

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

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not 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 third edition cancels and replaces the second edition, published in 2011. This edition
constitutes a technical revision. This third edition is a merger of IEC 61709:2011 and
IEC TR 62380:2004.

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

a) addition of 4.5 Components choice, 4.6 Reliability growth during the deployment phase of
new equipment, 4.7 How to use this document, and of Clause 19 Printed circuit boards
(PCB) and Clause 20 Hybrid circuits with respect to IEC TR 62380;

b) addition of failure modes of components in Annex A;
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c¢) modification of Annex B, Thermal model for semiconductors, adopted and revised from
IEC TR 62380;

d) modification of Annex D, Considerations on mission profile;
e) modification of Annex E, Useful life models, adopted and revised from IEC TR 62380;
f) revision of Annex F (former B.2.6.4), Physics of failure;

g) addition of Annex G (former Annex C), Considerations for the design of a data base on
failure rates, complemented with parts of IEC 60319;

h) addition of Annex H, Potential sources of failure rate data and methods of selection;
i) addition of Annex J, Presentation of component reliability data, based on IEC 60319.

The text of this standard is based on the following documents:

FDIS Report on voting
56/1714/FDIS 56/1721/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
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

The contents of the corrigendum of October 2019 have been included in this copy.
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INTRODUCTION

This document is intended for the reliability prediction of electric 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 document 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 from reference
conditions to other operating conditions which in turn permits the prediction of failure rates at
assembly level. This allows estimation of the effect of design changes or changes in the
environmental conditions on component reliability. Reliability prediction is most useful in the
early design phase of equipment. It can be used, for example, to identify potential reliability
problems, the planning of logistic support strategies and the evaluation of designs.

The stress models contained herein are generic and are as simple as possible while still being
comparable with more complex equations contained in other models. The predictions
generated using this document have a wide range of prediction accuracy.

This document does not contain failure rates, but it describes how they can be stated and
used. This approach allows a user to select the most relevant and up to date failure rates for
the prediction from a source that they select. This document also contains information on how
to select the data that can be used in the presented models.

The failure rates considered in this document are assumed to be constant, either for an
unlimited period of operation (general case) or for limited periods. The limitation of life is
called useful life and applies only for some few component families, reaching the wear-out
failure period (during which the failure rate is increasing) within the normal period of use. It is
hence assumed that during useful life, the failure rate can be considered constant for any
practical use.

For the purposes of this document the term electric component includes the commonly used

"«

terms “electronic component”, “electrical component” and “electro-mechanical component”.
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ELECTRIC COMPONENTS -
RELIABILITY -
REFERENCE CONDITIONS FOR FAILURE RATES
AND STRESS MODELS FOR CONVERSION

1 Scope

This document gives guidance on the use of failure rate data for reliability prediction of
electric components used in equipment.

The method presented in this document uses the concept of reference conditions which are
the typical values of stresses that are observed by components in the majority of applications.

Reference conditions are useful since they provide a known standard basis from which failure
rates can be modified to account for differences in environment from the environments taken
as reference conditions. Each user can use the reference conditions defined in this document
or use their own. When failure rates stated at reference conditions are used it allows realistic
reliability predictions to be made in the early design phase.

The stress models described herein are generic and can be used as a basis for conversion of
failure rate data given at these reference conditions to actual operating conditions when
needed and this simplifies the prediction approach. Conversion of failure rate data is only
possible within the specified functional limits of the components.

This document also gives guidance on how a database of component failure data can be
constructed to provide failure rates that can be used with the included stress models.
Reference conditions for failure rate data are specified, so that data from different sources
can be compared on a uniform basis. If failure rate data are given in accordance with this
document then additional information on the specified conditions can be dispensed with.

This document does not provide base failure rates for components — rather it provides models
that allow failure rates obtained by other means to be converted from one operating condition
to another operating condition.

The prediction methodology described in this document assumes that the parts are being
used within its useful life. The methods in this document have a general application but are
specifically applied to a selection of component types as defined in Clauses 6 to 20 and |.2.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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 60050-192:2015, International electrotechnical vocabulary — Part 192: Dependability
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPOSANTS ELECTRIQUES -
FIABILITE -
CONDITIONS DE REFERENCE POUR LES TAUX DE DEFAILLANCE
ET MODELES DE CONTRAINTES POUR LA CONVERSION

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de lI'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, participent
également aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'l|EC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I’objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61709 a été établie par le comité d'études 56 de I'lEC: Sdreté de
fonctionnement.

Cette troisiéme édition annule et remplace la deuxiéme édition, parue en 2011. Cette édition
constitue une révision technique. Cette troisiéme édition constitue une fusion entre
I'IEC 61709:2011 et 'IEC TR 62380:2004.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout de 4.5 Choix des composants, 4.6 Croissance de la fiabilit¢é pendant la phase de
déploiement du nouvel équipement, 4.7 Méthode d’utilisation du présent document et de
I'Article 19 Circuits imprimés (PCB) et de I' Article 20 Circuits hybrides par rapport a
I''EC TR 62380;
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b) ajout des modes de défaillance des composants a ’Annexe A;

c) modification de [I'Annexe B, Modéle thermique pour semiconducteurs, adoptée de
I'IEC TR 62380 et révisée;

d) modification de I'Annexe D, Considérations sur le profil de mission;

e) modification de I'Annexe E, Modéles de durée de vie, adoptée de I'lEC TR 62380 et
révisée;

f) révision de I'Annexe F (ancien Paragraphe B.2.6.4), Physique de défaillance;

g) ajout de I'Annexe G (ancienne Annexe C), Considérations sur la conception d’une base de
données de taux de défaillance, complétée par des parties de I'lEC 60319;

h) Ajout de I'Annexe H, Sources potentielles de données de taux de défaillance et méthodes
de sélection;

i) Ajout de I'Annexe J, Présentation des données de fiabilit¢é des composants, d’apres
I'IEC 60319.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
56/1714/FDIS 56/1721/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date, la publication sera

e reconduite,
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e remplacée par une édition révisée, ou

e amendée.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.

Le contenu du corrigendum d'octobre 2019 a été pris en considération dans cet exemplaire.
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INTRODUCTION

Le présent document est destiné aux prévisions de fiabilité des composants électriques
utilisés dans les équipements et s'adresse aux organismes qui disposent de leurs propres
données. Il décrit par ailleurs les méthodes pour établir et utiliser ces données afin de réaliser
des prévisions de fiabilité.

Le présent document peut également permettre a un organisme d'établir une base de
données de taux de défaillance et de décrire les conditions de référence pour lesquelles il
convient d'établir des taux de défaillance en exploitation. Les conditions de référence
adoptées dans le présent document sont typiques de la plupart des applications de
composants dans des équipements. Toutefois, lorsque les composants sont utilisés dans
d'autres conditions, les utilisateurs peuvent vouloir déclarer ces conditions comme leurs
conditions de référence.

L'application des modeles de contraintes présentés permet d'extrapoler les taux de
défaillance des conditions de référence a d'autres conditions de fonctionnement qui, a leur
tour, permettent de prévoir les taux de défaillance a I'étape de la fabrication. Ceci permet
d'estimer I'effet des modifications de conception ou des changements observés dans les
conditions d'environnement sur la fiabilité des composants. La prévision de fiabilité se révéle
trés utile dans la premiére phase de conception des matériels. Elle peut servir, par exemple,
a mettre en évidence de possibles défauts de fiabilité, a mettre au point les principes de
logistique de maintenance et a évaluer des conceptions.

Les modeles de contraintes exposés dans le présent document sont génériques et aussi
simples que possible, tout en pouvant toujours étre comparés aux équations plus complexes
propres a d'autres modéles. Les prévisions générées a l'aide du présent document affichent
un niveau d'exactitude élevé.

Le présent document ne présente pas de taux de défaillance, mais décrit les méthodes qui
permettent de les établir et de les utiliser. Cette approche permet a un utilisateur de choisir
les taux de défaillance les plus appropriés et actualisés a partir desquels il peut établir des
prévisions a partir d'une source de son choix. Le présent document apporte également des
informations sur la méthode de sélection des données pouvant étre utilisées dans les
modéles présentés.

Il est fait I'hnypothése que les taux de défaillance envisagés dans le présent document sont
constants, soit pendant une période de fonctionnement illimitée (cas général), soit pendant
des périodes limitées. La limitation de la vie est appelée durée de vie utile et s'applique
uniquement a certaines familles de composants qui atteignent la période de défaillance par
usure (au cours de laquelle le taux de défaillance augmente) pendant la période normale
d'utilisation. Par conséquent, il est fait I'nypothése que pendant la durée de vie, le taux de
défaillance peut étre considéré comme constant pour une utilisation pratique quelconque.

Pour les besoins du présent document, le terme composant électrique inclut les termes
"composant électronique”, "composant électrique" et "composant électromécanique"”
couramment utilisés.
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COMPOSANTS ELECTRIQUES -
FIABILITE -
CONDITIONS DE REFERENCE POUR LES TAUX DE DEFAILLANCE
ET MODELES DE CONTRAINTES POUR LA CONVERSION

1 Domaine d'application

Le présent document donne des recommandations concernant I'utilisation des données de
taux de défaillance pour les prévisions de fiabilité de composants électriques utilisés dans les
équipements.

La méthode exposée dans le présent document utilise le concept des conditions de référence,
qui sont les valeurs typiques des contraintes observées sur les composants dans la plupart
des applications.

Les conditions de référence sont utiles dans la mesure ou elles fournissent une base
normalisée connue a partir de laquelle les taux de défaillance peuvent étre modifiés afin de
prendre en compte les différences observées dans I'environnement en fonction des
environnements pris comme conditions de référence. Chaque utilisateur peut appliquer les
conditions de référence définies dans le présent document ou bien appliquer ses propres
conditions de référence. Lorsque les taux de défaillance indiqués dans les conditions de
référence sont utilisés, cela permet de réaliser des prévisions de fiabilité réalistes dés la
premiére phase de conception.

Les modéles de contraintes décrits dans le présent document sont génériques et peuvent étre
utilisés comme base de conversion des données de taux de défaillance dans ces conditions
de référence, dans des conditions de fonctionnement réelles si nécessaire, ce qui simplifie
I'approche prévisionnelle. La conversion des données de taux de défaillance n'est possible
que dans les limites de fonctionnement spécifiées pour les composants.

Le présent document donne également des recommandations concernant les méthodes pour
constituer une base de données de taux de défaillance des composants afin que les taux
fournis puissent étre employés avec les modéles de contraintes fournis. Les conditions de
référence pour les données de taux de défaillance sont définies, de fagon a permettre de
comparer, dans des conditions uniformes, des données d'origines différentes. Si les données
de taux de défaillance sont fournies conformément au présent document, il est possible de se
dispenser d'information supplémentaire sur les conditions définies

Le présent document ne fournit pas des taux de défaillance de base pour les composants;
elle fournit en revanche des modéles qui permettent de convertir les taux de défaillance
obtenus par d'autres moyens d’'une condition de fonctionnement a I'autre.

La méthodologie de prévision décrite dans le présent document pose comme hypothése
l'utilisation des éléments au cours de leur durée de vie. Les méthodes décrites dans le
présent document ont une application générale, mais s’appliquent spécifiguement a une
sélection de types de composants définis de I'Article 6 a I'Article 20 et en 1.2.

2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).
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IEC 60050-192:2015, Vocabulaire Electrotechnique International — Partie 192: Sireté de
fonctionnement





