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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
néw equipment, 4.7 How to use this document, and of Clause 19 Printed circuit Boards
(RCB) and Clause 20 Hybrid circuits with respect to IEC TR 62380;

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

c) odification of Annex B, Thermal model for semiconductors, adopted @nd revised from
IHC TR 62380;

d) odification of Annex D, Considerations on mission profile;
e) odification of Annex E, Useful life models, adopted and revisedfrom IEC TR 6238

O

f)  rqvision 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 bgse on
fdilure 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 tgxt 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 repgort on
voting|indicated in the above table.

This pjublication has beea.drafted in accordance with the ISO/IEC Directives, Part 2.

The cpmmittee has, decided that the contents of this publication will remain unchangef until
the stpbility date“indicated on the IEC web site under "http://webstore.iec.ch" in th¢ data
relateq to the specific publication. At this date, the publication will be

e re¢onfirmed,

e wilhdrawn,

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
condit

the presented stress models allows extrapolation of failure rates froms refq
ons to other operating conditions which in turn permits the prediction of faildre r3

assembly level. This allows estimation of the effect of design changes or changes
environmental conditions on component reliability. Reliability prediction is _most useful

early

Hesign phase of-electrical equipment. It can be used, for example,. tosidentify po

reliability problems, the planning of logistic support strategies and the evaluation of desi

The sfress models contained herein are generic and are as simple as possible while still
comparable with more complex equations contained in other models. The pred
generated using this document have a wide range of prediction‘atcuracy.

This document does not contain failure rates, but it describes how they can be stats

used.
the pr

This approach allows a user to select the mostrelevant and up to date failure ra
bdiction from a source that they select. This document also contains information g

to selgct the data that can be used in the presentedrmodels.

The failure rates considered in this document are assumed to be constant, either

unlimi
called

ed period of operation (general case) or for limited periods. The limitation of
useful life and applies only for_.some few component families, reaching the wg

failurg] period (during which the failure, rate is increasing) within the normal period of us

hence
practi

assumed that during useful life, the failure rate can be considered constant f
al use.

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

terms

L]

“electronic component”, “electrical component” and “electro-mechanical componel

rence
tes at
in the
in the
tential
Ons.

being
ctions

d and
es for
n how

for an
life is
ar-out
B. |t is
br any

used

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

This gotu i i ; i ~d for
reliability prediction of electric components used in equipment.

The njethod presented in this document uses the concept of reference conditions whigh are
numetical the typical values of stresses that are observed by components in, the majgrity of
applicptions.

Refergnce conditions are useful since they—are-the basis—of the caleulation—of failurprate

underlany conditions h\l the annllnahr\n n'F stress models that taka into—account the lactual
] rJ Ta’ TN LAR R4 A= ATATAT A" b i g Y AL oToaTaT

operatfing provide a known standard basis from which failure ratés)can be modified to a¢count
for differences in environment from the environments takemas reference conditions.,| Each
user can use the reference conditions defined in this document or use their own. When failure
rates ptated at reference conditions are used it allows{realistic reliability predictions|to be
made |in the early design phase.

The sfress models described herein are generic and can be used as a basis for convergion of
failurel rate data given at these reference conditions to actual operating conditions| when
need and this simplifies the prediction approach. Conversion of failure rate data i only

e possible within the specified fuactional limits of the components.

This qocument also gives guidance~on how a database of component failure data dan be
constructed to provide failure rates that can be used with the included stress mlodels.
Refergnce conditions for failure(rate data are specified, so that data from different s¢urces
can bge compared on a uniform*basis. If failure rate data are given in accordance with this
docunment then-—ne additional information on the specified conditions—is—reguired chn be
dispensed with.

This document does_not provide base failure rates for components — rather it provides models
that allow failurerates obtained by other means to be converted from one operating confdition
to angther operating condition.

being
) ] ¢ ) 3 put are
specifically applled to a selection of component types as deflned 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
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3 Terms, definitions and symbols

3.1

For the purposes of this document, the terms and definitions given in IEC-8004

60050,

ISO a
addre

e |E
e |[S
3.1.1

electr

compq
delive

Note 1
“electri

[SOURCE: IEC 64360-1:2009, 2.18, modified — Existing note deleted and Note 1 to

added

3.1.2

Terms and definitions

-192 and the following apply.

hd IEC maintain terminological databases for ‘use in standardization at the fol
Eses:

C Electropedia: available at http://wwwy€glectropedia.org/

D Online browsing platform: availablevat http://www.iso.org/obp

c component
nent with conductive terminals through which voltages or currents may be app
red

to entry: The term._electric component includes the commonly used terms “electronic comj
al component” and.“electro-mechanical component”.

I

failur

}0-191

owing

ied or

onent”,

entry

<of an item>

Note 1 to entry: A failure of an item is an event that results in a fault of that item;—which-is—a-state: see fault (IEC
60050-192:2015, 192-04-01).

Note 2

to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, may be

used to

categorize failures according to the severity of consequences, the choice and definitions of severity criteria

depend

Note 3
accordi

ing upon the field of application.

to entry: Qualifiers, such as misuse, mishandling and weakness, may be used to categorize
ng to the cause of failure.

[SOURCE: IEC 60050-192:2015, 192-03-01]

failures
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3.1.3
failure mode
manner in which failure occurs

Note 1 to entry: A failure mode may be defined by the function lost or the state transition that occurred.

[SOURCE: IEC 60050-192:2015, 192-03-17]

3.1.4

instantaneous failure rate
failure rate

limit, ifit exists of the ratio quotient of the conditional probability that the-instant of a failure
of a npn-repairable item occurs within time interval (z, ¢+ + At),te by At, when At tends_tq zero,
given that-it failure has not-failed occurred within time interval (0, ¢)

NOTE {The instantaneous failure rate, 1(r), is-exprossed by the formula:
200 1 F(e+00)-F()  f()

WA T R )

where| F(¢) and f(¢) are, respectively, the distribution function and_theprobability density|at the
failurgl instant, and where R(z) is the reliability function, related.to the reliability R(z4, [t5) by
R(z) =[R(0, 7).

Note 1 [to entry: See IEC 61703, Mathematical expressions foi(reliability, availability, maintainabilfty and
mainteffance support terms, for more detail.

Note 2 fo entry: Other terms used for instantaneous failure rate.are: “hazard function”; “hazard rate”; and “force of
mortality” (abbreviation FOM).

Note 3 fo entry: A(¢) in this document is assumed to be‘constant over time unless explicitly stated otherwis

4

[SOURCE: IEC 60050-192:2015, 192-05406, modified — Note 3 to entry added]

3.1.5
referegnce conditions
stressps selected so as to~ correspond to the majority of applications and usdge of
compgnents in equipment

Note 1 fo entry: Stresses.include electrical stress, temperature and environmental conditions.

3.1.6
reference failurerate
failure| rate stated under reference conditions given in IEC 61709

Note 1 foentry: The reference failure rate is specific to the component, i.e. it includes the effect of conjplexity,

technolbgy-of the casing dependence on manufacturers and the manufacturing process _ete |

3.1.7
duty cycle
specified sequence of operating conditions

Note 1 to entry: The duty cycle states whether components are continuously or intermittently stressed during their
operation. Continuous duty means operation for a long duration with constant or changing loads (e.g. process
controls, telephone switch). Intermittent duty means operation with constant or changing loads during up state (e.g.
numerical controls for machinery, road traffic signals).

[SOURCE: IEC 60050-151:2001, 151-16-02, modified — Note 1 to entry added]
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3.1.8
operating state <of an item>
state of performing as required

Note 1 to entry: For a component it means that it is energized and/or connected to a load.

[SOURCE: IEC 60050-192:2015, 192-02-04, modified — Notes 1 and 2 to entry replaced with
a new Note 1 to entry]

3.1.9
non-operating state <of an item>
state of not performing any required function

Note 1 fo entry: The adjective "non-operating” designates an item in a non-operating state.

Note 2 fo entry: A component may be in a non-operating state because of a failure or because it isin an idle state
(IEC 601050-192:2015, 192-02-14), if it is not required to be in an up state, in a standby state (IEC,60050-192:2015,
192-02{10), during the required time or in an externally disabled time (IEC 60050-192:2015, 192-02-24), when the
non opgration is due to absence of external resources.

[SOURCE: IEC 60050-192:2015, 192-02-06, modified — Note 2 to entry-added]

3.1.10
dormant state
state ¢f being inactive, but capable of becoming active

Note 1 o entry: For a component it means that it is ready to be energized and/or connected to a load.

3.1.11
standpy state <of an item>
non-operating up state during required time

[SOURCE: IEC 60050-192:2015, 192-02-10]

3.1.12
storage state
state |of being placed at a specific’ facility, and under stated conditions, without|being
energized and/or connected to adoad

Note 1 o entry: For example the‘storage state of a component is not assembled to a piece of equipment.

3.1.13
predi¢tion
computation process used to obtain the predicted value of a quantity

NOTE]

[SOURGEZTEC 60050-192:2015, 192-11-01]

3.1.14

component

constituent part of a device which cannot be physically divided into smaller parts without
losing its particular function

[SOURCE: IEC 60050-151:2001, 151-11-21]

3.1.15

equipment

single apparatus or set of devices or apparatuses, or the set of main devices of an
installation, or all devices necessary to perform a specific task

Note 1 to entry: Examples of equipment are a power transformer, the equipment of a substation, measuring
equipment.
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[SOURCE: IEC 60050-151:2001, 151-11-25]

3.1.16

useful life <of an item>
time interval, from first use until user requirements are no longer met, due to economics of
operation and maintenance, or obsolescence

Note 1 to entry:

user.

[SOURCE: IEC 60050-192:2015, 192-02-27]

In this context, “first use” excludes testing activities prior to hand-over of the item to the end-

3.1.17
drift
differg
initial

Note 1
to chan

[SOUF

3.1.18

nce between the final value of a characteristic at the end of a specified pefiod a
value, all other operating conditions being held constant

o entry: The use of the term "drift" to refer to the immediate change of a characteristic in direct re
hed operating conditions (for example, temperature) is deprecated.

RCE: IEC 60747-1:2006, 3.6.1;-modified]

virtufr temperature <of a semiconductor device>

inter
theorg
electri

Note 1

[SOUR

3.1.19

al equivalent temperature
cal behaviour of the semiconductor device

o entry: The virtual temperature is not necessarily the highest temperature in the device.

RCE: IEC 60050-521:2002, 521-05-14; modified — Note 2 to entry deleted]

virtuall (equivalent) junction temperature

virtual
[SOUH

3.1.20
ambie
the te
devicq

Note 1

temperature of the junction,of a semiconductor device

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

nt air tempetrature

o €ntry. For devices installed inside an enclosure, it is the temperature of the air outside the enclo

nd the

sponse

tical temperature which is based on a simplified representation of the thermal and

mperature)determined under prescribed conditions, of the air surrounding the complete

ure.

[SOURCE: IEC TR 60943:1998, 1.3.1]

3.2

Symbols

In the normative part of this document, the following symbols are used. Other symbols are
used and defined in the annexes.

E, Eaq,Eay activation energies of a failure process

4, G, kg constants

A
¢
ﬂTef

failure rate under operating conditions

failure rate under reference conditions
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ﬂ*component

A
Amode
7299
As
7|

TE

TES

failure rate of a component

failure-rateduring-time-spent-idieforan-assembly;
failure rate of a component's failure mode

current dependence factor

environmental application factor

electrical stress dependence factor

£ 4 Lol

Zop
s

Zay

4 e
STHTOO AU toT O OPTTatitty Protic;

switching rate dependence factor
temperature dependence factor
voltage dependence factor

operating current

rated current
reference current

operating power dissipation

reference power dissipation
rated power dissipation
thermal resistance

thermal resistance (to the enviropment)
number of operating cycles perhour
reference number of operating cycle per hour

operating voltage

rated voltage
reference voltage
actual self-heating in degrees Celsius

reference self-heating in-degres-Celsius Kelvin

reference ambient temperature in degrees Celsius
ambient temperature in degrees Celsius

Tamb
op
Tref

op

reference ambient temperature in Kelvin

ambient temperature in Kelvin
operating temperature in Kelvin
reference temperature in Kelvin

operating temperature in degrees Celsius

— for integrated circuits (ICs) the actual virtual (equivalent) junction temperature1
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— for discrete semiconductors and optoelectronic components the actual
junction temperature;

— for capacitors the actual capacitor temperature;

— for resistors the actual resistor element temperature;

— for inductors the actual winding temperature;

— for other electric components the actual ambient temperature;
Gref reference temperature in degrees Celsius

— for ICs the reference virtual (equivalent) junction temperature;

— for discrete semiconductors and optoelectronic components the reference
junction temperature;

— for capacitors the reference temperature of the capacitor;

— for resistors the reference temperature of the resistor element.
— for inductors the reference temperature of the winding;

— for other electric components the reference temperature’/of the component;

Réty4op reliability-between-two-times+, and+,

ty fraction-of-time-with-partstressfor-an-assembly
# fraction-of-time-spent-idiefor-an-assembly

# fraction-of-time-with-full-stressforan-assembiy
p : Weibull distributi

4 Copntext and conditions

4.1 Failure modes and mechanisms

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

ipment a failure-{mede) or functional loss is caused by a component failure-mede where
bnent failure mode is relevant to the application being carried out by the equipment.

It sholild be noted that-a component has many features and only some may be used|in the
specif|c applicationy, Afunction loss at the equipment level occurs only when there is a loss of
the co

t was
defined nt and
may jse a pa 112 atu 0 ms of
functional characteristics and ratings.

Handbooks usually define failure rate as an overall value, which includes all failure modes.
This implies that component failure rate can be considered as the sum of the failure rates of
all the modes, as follows:

n
/Icomponent = Z(lmode) i (1)
i=1

where (1mogde ); IS the component failure rate in which the failure mode i occurs and » is the
number of failure modes.

Failure modes are listed in Annex A-and-more-details-aboutfaillures-are-contained-in-AnnexB.
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A failure is related to a failure mechanism, which is the basic material behaviour that results
in the failure. For integrated circuits more detailed description is presented in Annex F.

4.2 Thermal modelling

Temperature is a relevant factor affecting failure rate. It is in fact known that temperature and
temperature change has an effect on component reliability. For temperature change see 4.4.
The temperature effect is more significant for some families (active components and
aluminium capacitors with non-solid electrolyte). The models adopted are those which give
the effect of temperature on the predominating failure mechanisms (which are not normally
the “wear-out” mechanisms).

Thermal modelling of components should then be as accurate as possible, in particular
thermal resistance for semiconductors should be measured in order to allow\.acfkurate
evalugtion of the internal temperature.

When| thermal resistance cannot be measured, thermal resistance mfodels provided in
AnneX B can be used.

4.3 |Operating Mission profile considerations
4.31 General

During their life, components experience different conditions of use that represent the|major
factor$ affecting component reliability: the complex of fRése conditions is defined as njission
profilg].

- A e ot e | : filo.

The mission profile defines the required\function and the environmental condition| as a
functign of time. This will vary according to the type of operation that is undertaken. This
operafion may be continuous over time "at a fixed level, continuous over time at a variable
level ¢r sporadic over time at either@/fixed level or a variable level. In some cases switch on
and syitch off could be significant-and of more importance than the steady state operational
conditjons. Careful consideration”of the-eperating mission profile is needed in order tp fully
understand how it affects the ‘eomponent reliability.

The-operating mission(profile can be considered to be based on calendar time or on the time
of actlyial operation or.if can be cycle based (e.g. how many times an item is used).

More gonsiderations on mission profile are detailed in Annex D.

4.3.2 Operating and non-operating conditions

A mission profile can be decomposed Iin several phases, on the basis of the typical use. The
main classification of these phases is between operating and non-operating conditions.
Although this document deals with components, the conditions of use usually refer to the
assembly (equipment or system), and can be defined as follows when they refer to
components.

e Operating: the component is assembled, powered or connected to a load and
functioning at nominal conditions. See 3.1.8.

e Stand-by: the component is assembled, powered or connected to a load, but not
functioning or functioning at conditions lower than nominal. See 3.1.11.

e Dormant: the component is assembled, but not powered or connected to a load. See
4.3.3.

e Storage: the component is not assembled, hence not powered or connected to a load.
During storage components are packed stored in a warehouse. See 4.3.4
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Dormancy

A component is considered dormant (i.e. in a dormant state) when it is inactive (it does not
provide any of the required functions), but it is capable of becoming active and properly
operating on demand (energized and/or connected to a load). To be considered dormant it is
assumed that the component is assembled to a piece of equipment, but no power is applied.

Components that are dormant may fail, but usually the dormant failure rate is considerably
lower than the operating failure rate, assuming that the piece of equipment is maintained

within
4.3.4

Comp

the sforing conditions are different from those specified. However the stress ‘mode
enviro

opera
have

chang

Storag
the co

More

defing

4.4

The A

conse
opera

A mor

less s
a spe

its specified conditions, when non-operating.

S i

bnents that are under storage conditions are not immune from failure, particudiarly

ing conditions. Different failure mechanisms may exist under storage)condition
not been considered in the models. Furthermore the case wherg) storage con
e the failure rate when the item is active are not dealt with in this,document.

e conditions should be treated separately from operating-conditions. They may
mponents’ failure behaviour in later life.

nformation on storage can be found in IEC PAS 62435. Storage conditions sho
d and controlled, in order to ensure the reliability/of\the components stored.

Environmental conditions

nvironment contributes to failure that%@ccurs in the life of the equipment.
uence the duration and intensity of .environmental stresses should be included
ional model of the equipment.

e severe environment may cause the failures to occur more frequently than one
bvere. There will usually bg\iseveral aspects of the environment that will be pertin
cific failure and all may-heed to be understood. The locality of the environment i

when
Is for

nmental application factors in this document may not apply since they.only deal with

s that
Hitions

affect

Lld be

As a
in the

that is
ent to
s also

imporfant, for example on, ar’ aircraft the in-cabin and on-engine environments ar¢ very

differe

The {

assoc

IEC 6(0721-3-3 describes the environment in terms of:

nt.

nvironment may be described in terms of several types of parameters and
ated interagtions.

climatic conditions;

their

special climatic conditions;
biological conditions;
chemically active substances;
mechanically active substances;

mechanical conditions (both static and dynamic).

All the above listed conditions are in general relevant to the equipment’s reliability (e.g. failure
rate) and it is reasonable to consider that the reliability of components, and therefore of the
equipment, decreases as the environmental stress increases (see IEC 60721 (all parts) for a
detailed quantitative description of the environmental parameters for each environment).
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In this document it is assumed that the climatic and mechanical conditions are the most
significant and this is also valid for many standard applications of components, but there may
be situations where, for example, chemical conditions could result in a higher failure rate.

Other factors influencing the failure rate can be nuclear, ultraviolet, infrared and
electromagnetic radiation, acoustics, altitude, software security, six degrees of freedom
vibration, explosive atmosphere environments, item induced conditions, and hostile weapons
effects for military items.

Estimated failure rates generated using the models in this document are valid only if the
coldest part temperature of the considered component is over the dew point temperature.

In this) document only the climatic and mechanical parameters are used to describe_the|effect
of the|reference environments on failure rates. However, temperature is treated separa’Lely in
this document. For simplicity it has been chosen to address three basic “environments,
conveptionally named E1, E2 and E3. These environments refer to general field [usage
situatipns, considering the specific values of the environmental parameters. Thede are
defined in Table 1.

Table 1 — Basic environments

E1 Stationary use at weather- | The environment is highly insensitiveto the weather outdoors and
protected locations humidity is controlled within defined limits.

This is typical of telecommunications and computer equipment plaged
in buildings. This includes/office situations.

E2 Stationary use at partially | The environment offecs thermal and mechanical stresses directly

weather-protected or non- | influenced by natutal’environmental conditions.
weather-protected It is typical of equipment installed outdoors.
locations
E3 Portable and non- The envifonment offers mechanical stresses and severe thermal
stationary use, ground gradients.
vehicle installation It.is(typical of equipment mounted on vehicles or that are hand
portable.

Table|2 shows the values\of environmental parameters and their relationship to the classes
indicated in the relevant JEC standards.

The ¢ffect of environment can be described as a change of failure rate, by applying an
be it is
ctors.

This document considers temperature cycle (operating times at different temperatures) in the
mission profile, while rapid temperature changes are included in the environmental application
factor, zg (see 5.2.5).

The environmental application factors include all environmental parameters (excluding
temperature, which has a specific model) such as rapid temperature changes, mechanical
vibration, where no empirical models are available. The environmental application factors are
used at equipment level.
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Table 2 — Values of environmental parameters for basic environments

Basi R

Environmental

E1

E2

E3

Stationary use at weather-

Stationary use at partially

Portable and non-

parameters protected locations weather-protected or non- [stationary use, ground

weather-protected vehicle installation
locations

Temperature rate of <0,5° C/min > 0,5° C/min > 0,5° C/min

change

Stationary vibration, 2Hzto 9 Hz <1,5mm (2 Hz to 9 Hz <3 mm 2Hzto 9 Hz >3 mm

sinusoidal

9 Hzt0200 Hz <5m/s? |9 Hzto 200 Hz <10 m/s? [9 Hz to 200 Hz > 10 m/s?

200 Hz to 500 Hz 315 m/s?

Non-st
includ

tionary vibration
ng shock

<70 m/s?

< 250 m/s?

> 250 m/s?

IEC 60721-3-3 Classes

3K1 3K2 3K3 3K4 3K5 3K6

3K7 3K7L 3K8 3K8H 3K8L
3K9 3K10 3M4 3M5 3M6

3M1 3M2 3M3 3M7

IEC 607Y21-3-4 Classes - - 4K 4K2 4K3 4K4 4K4H
4K4L

IEC 60721-3-5 Classes - - 5K1 5K2 5K3 5K4 5KMH
5K4L 5K5 5K6 5M1 gM2
5M3

IEC 60721-3-7 Classes - - 7K1 7K2 7K3 7K4 7K5

ETS 300 019-1-3 Classes 3.1-3.2-3.3 3.4-3.5 -

ETS 300 019-1-4 Classes - 4.1-41E -

ETS 300 019-1-8 Classes 8.1 and Note - -

ETS 3jo 019-1-5 Classes
ETS 300 019-1-7 Classes

5.1-5.2

71-72-73-13E

This
simpli

the prpper environmental application effect zg as described in 5.2.5.

4.5

It is thle responsibility~ef the manufacturer to ensure the life duration specified by the fing
that components used in equipment are compatible with the environment. The
premﬁlure wearout is assumed not to occur during the useful life period of the equipnjent in
| operating conditions, as prescribed by the final user.

and

norm

Howe

Components chojce

ocument—is—written—to—contain’ covers only the three environments for—the-sgke—of
City. The user can describgvany environment using the same methodology and gssess

| user
efore,

ervsome components may have a limited life duration, and so preventive maintghance

has to be indicated to the final user. It is the responsibility of the component manufacturer to
provide qualification and evaluation results of degradation mechanisms to the system
manufacturer and to ensure that the appearance of wear-out mechanisms will be postponed
beyond the useful life period of the equipment in normal operating conditions.

Good component and equipment reliability is not achieved without effort. Equipment reliability
is built-in, starting from the initial design phases, by applying a rigorous quality assurance
system, oriented toward improvement. This means that inadequate application of the rules for
excellence in quality and reliability, taking into account the product type and its use and
maintenance criticality, will affect reaching the objective.

Component failures, even those conventionally considered random, excluding wear-out and
external causes, are due to manufacturing defects or misuse. These show their effects during

operation.
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Thus manufacturers and users have to adopt adequate preventive actions:

— qualification and control of the component manufacturing process;
— characterization and qualification of the components;

— acceptance tests;

— use of good design rules (thermal, electrical, mechanical).

This document does not describe quality levels since it does not consider quality levels lower
than the best achievable set as design standards. Experience of poor quality cannot be
considered in order to establish models, and waivers to the application of quality rules cannot
be justified based on economic considerations when the total component/equipment cost,
either|of the manufacturer or of the user, is considered. A

%

There| are special applications such as space, avionics and submarine cablgs whefe the
imposgibility — or at least the great difficulty — of performing maintenance, as welhas forsafety
reasofs, urge adoption of even more severe rules. These cases cannot eneralizdgd and
shoulq be studied using specific experience with the equipment and the:measures adopted
(such jas screening, burn-in, special quality assurance programmes). ,\Q
N

Consgquently, the equipment manufacturer has to choose co @nent manufacturerf who
have fhe best "commercial practice" concerning quality, for (ﬁ\/ le, those who comply with
internationally recognized quality management systems, p fse statistical process ¢ontrol
and ale approved under qualified manufacturing line appr, (or able to be).

In the$e conditions, there are no longer any reasons Qake into consideration quality f4ctors,
and tHe infant mortality period related to new cc:‘gonent technology is neglected since only
qualified production lines and stabilized ones are*¢ensidered here.

When|an equipment manufacturer uses sﬁ‘lew component technology, and when such a
manuflacturer has not been able to justify the life duration in normal use conditions| of its
devicg, the equipment manufacturer hh\s to undertake tests allowing justification of the life
duratipn of this component to the fin@user.

-

4.6 |Reliability growth du@éfhe deployment phase of new equipment

item that is already in ature production phase. However, prior to that, a newly dev¢loped
item may have undérgone some form of reliability growth process that is reflected by a

The models expounc:ﬁ\this document allow for calculating the failure rate of an ilectric
decreasing failure@te during a more or less long period.

For in stanc@iability growth is achieved by the correction of manufacturing issues siich as

the re process into control or the modification of a process to improve it. With r¢spect
to reli ing or
opera ability

processes and activities integrated into the product life cycle which contribute or provide for
the product reliability growth, refer to IEC 61014.

A manufacturer should calibrate the reliability growth period according to its own experience.
It was demonstrated experimentally on many electric items and with several manufacturers
that the ratio between the failure rate during the starting period of deployment and the failure
rate in the mature phase can be very different. Consequently, as soon as the observed failure
rate during the beginning of the deployment of an electric item significantly exceeds the
estimated value, a corrective action may have to be taken.
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How to use this document

This document provides a method to convert failure rates from one set of operating conditions
to another. To do this it uses the concept of failure rates at reference conditions and provides

equati

ons to convert them to other conditions.

Reference conditions are defined as the most common set of environmental and operating
conditions for the user. For example if an organization has most of its equipment operating at
30°C then it should state failure rates at this operating temperature and define it as the
reference conditions. The reason the organization should choose the typical operating
conditions as the reference conditions is so that when they collect field reliability data they do

not ha

ve to make any adjustments to it to account for environmental differences before using

it.

If an (
set th
refere
they ¢
refere

Many

sourc¢s of data. This document can then be used to convert

condif]

NOTE
of 34 °(
multiplg
environ

The e
and in|
the eq

Figure
stated

3

can u
hce conditions that are defined in this document in Clauses 6 to 20
pllect field data they may have to make adjustments to the data to@i gitalltoa
hce conditions so that it can be combined and compared. ,\

N

b reference conditions at a level that is most appropriate for them, or ;MQ

organizations will not have their own reliability data ag (Q will need to use

ons to reference conditions or vice versa. S\

O

and the component being used are not covered by a sir% ta source with some data coming fro|
data handbooks then the base failure rates, which\ are stated at a particular and different
mental stress in each source, can be converted and ‘:\ ined using the equations in this document.

huations in this document have beenﬁ/ed from empirical model fitting to fiel
some cases to the equations usedi‘%]
uations here will give a generic fit\@

in a number of predictio% dbooks with the factor zt stated in this document.

@)

Y%
rganization does not have a typical operating environment then they s)—wgﬁ%‘decide to

e the

this case]l when

set of

other

ailure rates from opgrating

For example if an organization wants to perform a predicti@r an equipment at an operating tempgerature
a

m other
evel of

i data

er standards and handbooks. This means that
e data as is suitable in an international standard.

1 shows, for CMOS IC, a OCQparison of the temperature dependence of factdrs =t
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Figure 1 — Comparison of the temperatureQe endence of 7y for CMOS IC
N

Figurd 1 demonstrates that the acceleration fa@s provided in this document are compatible

with many acceleration factors given in p1§?}|ction handbooks. The figure shows a4 fit to

generfc versions of the data from the ,@p iction handbooks. The latest versions pf the
handbjooks are detailed in H.5.3. 4\6

In order to use the equations gi\(i_g\% this document then certain data will be requiref; this
differd slightly by component t ut the most important data is a base failure rate stgted at
reference conditions. This& be obtained from field data (see IEC 603(0-3-3,
IEC 6(0300-3-5) or from manufacturer’s data or from other handbooks (see Annex H).|If this
data i$ not stated at ref e conditions it can be converted to a reference condition by using
the edquations in this ment. Knowledge of the operating environment at which the failure
rate i stated is ne ary in order to do this. When the failure rate is at reference condlitions
then it can be (@&?ted to other operating conditions using the equations contained |n this
docunjent.

¥
5 GF\I(?;)C reference conditions and stress models

5.1 Recommended generic reference conditions

Generic reference conditions are those—that—apphr—to—allcomponent—types values of

environmental factors that are defined by an organization as being typical of the sorts of

tevel: The factor could be any environmental factor the organization feels is relevant and
apply to all component types.

This document, necessarily, takes a more limited view and defines the environmental factors
of interest as being electrical stress, temperature and environmental conditions. Extensions to
this set are not supported by this document.
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| Table 3 contains some recommendations that-sheuld can be used by an organization unless
| they are not appropriate to the normal working conditions of that organization’s equipment.
he organization—i ee i n—appropriate—reference—conditions- Any
organization should choose conditions closest to their actual experience if they differ from
those given in Table 3.

The values chosen represent the majority of component operating conditions.

Table 3 - Recommended reference conditions for environmental
and mechanical stresses

Type of stress Reference condition?
Amblent temperature® 6, =40 °C
Envifonmental condition Environment E1 (see Table 1)
Spedial stresses Not addressed in this, document®

he failure rates stated under these conditions apply only to components not.damaged during trangport
Ind storage.

he ambient temperature for the purposes of this document is the temperature of the medium next tp the
pmponent during equipment operation, not taking into account any possible self-heating of| the
pmponent. The surroundings of the component should be defined.

pecial stresses include wind, rain and snow, icing, drips, sprays or jets of water, dust (chemically gctive
I not), effects of animal pests, corrosive gases, radioactive: radiation, etc. These stresses maly be
gnificant contributors to failure however, as a general{goed practice; they should be addressed by
esign practices. There may be cases where their effect can be treated by applicable models. These
resses have such wide ranges of effects it would be;inappropriate to address them in this document

w o mwom|m OO0 - O 4

5.2 Generic stress models
5.2.1 General

Comppnents may not always operate under the reference conditions. In such ¢ases,
| eperafional operating conditions ;will result in failure rates different from those given for
reference conditions. Therefore, models for stress factors, by which failure rates [under
referepce conditions can be Converted to values applying for operating conditions (actual
ambient temperature and.actual electrical stress on the components), and vice versa, njay be
required. In Clauses_6_to 20 specific stress models and values of n-factors for component
categogries are given.Jand should be used for converting reference failure rates t¢ field
operafional failuré-rates. n-factors are failure rate modifiers which are related to a specific
stress| or condition. They are a measure of the change of failure rate due to changes |n that
stress|or candition. However, if more specific models are applicable for particular comgonent
types then'these models should be used and their usage justified and reported.

The conversion of failure rates is only possible within the specified funcfional Timits of the
components.

The component failure rate under operating conditions is calculated as follows:

A = Jref X Y X 7 X T X g X g X TES (2)
where
Aref is the failure rate under reference conditions;
Yy is the voltage dependence factor;
| is the current dependence factor;

T is the temperature dependence factor;
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e is the environmental application factor;
s is the switching rate dependence factor;
TES is the electrical stress dependence factor.

5.2.2  Stress factor for voltage dependence, 7

C2 C2
— C UOP _ Uref
7Ty = €exXpy L3 (3)
Urat Urat

where
Uop is the operating voltage in V;
Ulet is the reference voltage in V;
Uy at is the rated voltage in V;

Cy, d3  are constants.

Equatjon (3) represents an empirical model to describe the\voltage dependence of failure
rates and is based on existing component reliability handbegks, existing component rellability
data, and publicly available publications.

NOTE |When dealing with absolute values of voltage as might*be necessary for some component typgs then

Equatign 3 can be modified to 7, = exp{C1 (Uocé _Urce?)} whete ¢ =C3/Ugf .

5.2.3 Stress factor for current dependence, 7

IOP © Tref “
7 =expy Cy [ Iratj _(EJ (4)
where
Iop is the operating\ecurrent in A;
Iref is the reference current in A;
Irat is the~rated current in A;

C4,Cs5| are constants.
Equatlen—4—+represents—an—empirical-modelto—deseribe—the—eurrent—dependence—efrailure
rates and is based on existing component reliability handbooks, existing component reliability
data, and publicly available publications.

5.24 Stress factor for temperature dependence, 7zt

v = exp Eaq [ 1 1
T= -
kO Tref Top (5)

Equation (5) is an empirical model based on the Arrhenius equation and it describes the
temperature dependence of the failure rates. Ideally this computation should be made for
each failure mode, however it is common practice to perform this calculation using an average
of all activation energies for all failure modes or for the dominant failure mode only. It should |
be noted that in this latter case, the activation energy may also be a function of temperature
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since it is related to the different activation energies of the underlying failure modes. However
this effect is commonly ignored.

In certain cases a more complex model using two activation energies is appropriate to fit the
temperature dependence of failure rates. In such a case the following-medel—+represented-by
Equation (6) can be used. Use of the model with two activation energies ( Eaq, Eas) is

considered sufficient to adequately model the temperature-failure rate relation. (This is
sometimes known as competing risks; see JESD-85 for details.)

This extended Arrhenius equation is standardized to avoid temperature-dependent activation
energies when changing the reference temperature, 7T.q.

S Axexp(Eayx z)+(1- A)x exp(Ea2 X z)
T Ax exp(Ea1 X Zref)+ (1 - A)x exp(Eaz X Zref)

with the auxiliary variables

1( 1 1
o MV and Zref :—(—— ] in (eV)"
ko\To  Top ko \To  Tret

where|in Equations (5) and (6):

A is a constant;

Eay, Eao  are activation energies in eV;

ko = 8,616 x 1075 eV/K;
T =313 K;

Thef = (Bref +273) in K;
Top = (6op +273) in k.

The tgmperatures G, @nd t90p in degrees Celsius above are as follows;

— fonICs:
6:ds : reference-virtual (equivalent) junction temperature;

90p1 actual virtual (equivalent) junction temperature;

— fon disCrete semiconductors and optoelectronic components:
6ef - reference junction temperature;

op : actual junction temperature;

— for capacitors:
6ef - @verage (*) reference capacitor temperature;

Hop . average (*) actual capacitor temperature;

— for resistors:
bref . average (*) reference temperature of the resistor element (for example, film);

90p : average (*) actual temperature of the resistor element;

— for inductors:
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bref . average (*) reference temperature of the winding;

00p : average (*) actual temperature of the winding;

— for other electric components:

6ef - @verage (*) reference ambient temperature;

90p1 average (*) actual ambient temperature;

NOTE (*) In this case average means “over the entire body of the component”.

5.2.5 ___Environmental application factor, z¢

Some| data handbooks contain guidance on transferring a failure rate estimate frojh one
genergl environmental condition to another. The concept-seems is logical, butit-bears garries
some fisk. For that reason, this document focuses more on situations where'base failurg rates
are gdthered from environment conditions which are similar to those applied to the component
in pragtice.-Formeore-informationsee B-4-4-

The irffluence of environmental application conditions on the component depends essgntially
on the design of equipment; for example by using the equipment’on ships or in the autofnotive
rooms (laboratory conditions),—ne the influence on the
environmental application conditions-willexist can be minimized, and in some cases dan be
removied entirely if the component is protected in some way within the equipment. Of ¢ourse
this w|ll require some extra design effort and so may hot be worth doing in all cases. Whether
an enyironmental application influence occurs depénds therefore essentially on the equipment
manufacturer and it is the duty of an organization to design for a specific environment of if the
impac| of these stresses cannot be avoided{ then specific studies are necessary for|these

field |nstead of in protected

pieceg of equipment.

If the| only failure rate data books available came from a source with very different
environmental conditions, the need-for an environmental application factor arises. Tlo use
such an environmental application factor means to assume that a more severe environment
causep the activation of internal failure mechanisms in a predictable, more or less|linear
manngr. There are situations where this assumption is wrong. When a component designed
for grpund equipment is\used under severe shock and vibration conditions — these can
destrgy all components) in a few hours — a zg-factor could be calculated, but |s not

meanipngful. The-ealy-best practical solution—is should be to not use the component |n that
environment, butythiat is not always possible.

The environmental application factor, zg, should therefore be handled with care.

Table 4 — Environmental application factor, T

Stationary use at weather-
protected locations

E1

Stationary use at partially
weather-protected or non-
weather-protected locations

E2

Portable and non-stationary use,
ground vehicle installation

E3

1

2

4

NOTE Failure rate data books from a component supplier will often give guidance on how to transfer the failure
rate to other operating and environmental conditions.
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5.2.6 Dependence on switching rate, 7g

The factor zg considers the number of operating cycles per hour, S, and only applies for
relays in this document.

Factor zg is not defined for S <0,01.

a) ng=1 for-0:04<S5<S.o; 0,01< 8 < St (7)
b) g = S/Sref for S > Sref (8)
where

S is the number of operating cycles per hour;

Sref is the reference number of operating cycles per hour.

NOTE | Ferlow-operating-eycles-perhour{S<0;01); The factor zg can be as much ds 100 for hermetically sealed
contactp, normally closed, or non-sealed contacts, normally open under small loads.

5.2.7 Dependence on electrical stress, zgg

This z-factor is only applicable to certain devices and js(éxplained in detail in the related
claussgs.

5.2.8 Other factors of influence

Other|stress factors are given for individual typés of components in Clauses 6 to 20 whgre the
depenjdence is known.

At prelsent, no generally applicable conversion methods can be given for the dependepce of
the failure rate on humidity, air pressire, mechanical stress, etc.

Stresq factors will have to,b&~“based on vendor/user history in similar applicatigns or
appropriate testing.

If the failure rate dependence of these types of stress is known, it should be considered

If the glependenge of the failure rate under these types of stress is unknown but is expegted to
be a fiinction of\these types of stress, appropriate studies may be necessary.

6 S ¥ ¢ it | st ol

6 Integrated semiconductor circuits

6.1  Specific reference conditions

The following recommendations for reference temperatures given in Table 5 to Table 9 are
based on a component ambient temperature of 40 °C and correspond to the majority of
applications of components in equipment.

The reference self-heating, ATio = Fef X Rin, amp ~—ShaH should be given when using reference
temperatures other that those stated in the tables.

For any integrated circuit there are two thermal resistances generally considered; one
between the junction and the case, and the other between the case and the environment. The
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thermal resistance, Ry, omp. a@bove, should be the one that is most significant in the
application under consideration.

When stating a failure rate for an ambient temperature of 40 °C, the reference power
dissipation, B, and the thermal resistance, Ry, omp . to the environment for which this value

holds,-shall should also be given.

Table 5 — Memory

Component Oref Note

°C

Bipola RAM, FIFO static 75
PROM 75

MOS, £MOS, RAM dynamic 55
BICMQ@S RAM, FIFO static slow (> 30 ns) 55

static fast (< 30 ns) -

ROM mask 55

EPROM, OTPROM UV erasable 55

FLASH 55

EEPROM, EAROM 55

Tahlle 6 — Microprocessors and peripherals, microcontrollers and signal processors

0 ref
Component e Note
°C
Bipola 70
No. of transistors < 50 000 70
NMOS
No. of transistors > 50 000 90
No. of transistors < 5 Q00 50
No. of transistors >.5.000 to 50 000 60
CMOS
No. of transistors ».50 000 to 500 000 80
No. of transistors > 500 000 90
BICMQS 75

Taple 7 — Digital logic families and bus interfaces, bus driver and receiver circuits

Href
Component Reference
°C voltade
Bipolar TTL, -LS, -A(L)S, -F Logic 45
Bus interface 55
TTL S Logic + bus interface 80 —
ECL 10 000 65
100 000 75
10(LV)E(L) / 100(LV)E(I)(P) 60
CMOSs HCMOS, CMOS B, ACMOS (FCT, HC, A(U),C, LVX),
(LVC, LCX, LV) (VCX, ALVC, AVC, AHC, VHC) 45
Logic
Analog switches, Bus interface
Bus interface GTL(p) 50 Uret =5V
Bus driver / receiver RS422, RS423, RS485, CAN, 55
etc. RS232, RS644/899, CML, etc. .
BICMOS Logic 45
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Bus interface ABT, BCT 50
LVT, ALVT 50
GTL(p) 50
BTL, ETL 95
Bus driver / receiver 55

Table 8 — Analog ICs

Llete
6’ref
Component Reference
°C voltage ratio
Operafional amplifiers, comparators and Bipolar, BIFET 55 Uret /Urst | 0.7
voltage monitors CMOS 45 ref /XAt [~
Referegnce elements all technologies 45
Switch|regulators all technologies 55
Power|amplifiers and regulators <1 W 70
(all teghnologies) >1W 90
High frequency IC (> 100 MHz) e
HF mojdulator, demodulator PLL, VCO bipolar 65
CMOS, BICMOS 45
Transnitter, receiver bipolar 70
CMOS, BICMOS 45
Power|amplifier / receiver GaAs 80
Table 9 — Application-specific ICs (ASICs)
6’ref
Component Note
°C
ASICs| Full custom, Gate arrays, Telecom-ICs, A/D-Converters
Bipola TTL 55
ECL 70
HV (> 50 V) 80
NMOS 55
CMOS| BICMOS digital,~analog / mixed No. of transistors < 50 000 55
No. of transistors >50 000 to 50 x 10° 70
No. of transistors >50 x 108 80
HV (> 50 V) 75
Progragmmable ASICs (PLD) non erasable
Bipola Tt 86
ECL 85
CMOS (anti-fuses) 80
Programmable ASICs (PLD) erasable
NMOS, CMOS RAM basis 80
EPROM basis No. of transistors < 5 000 70
EEPROM basis No. of transistors > 5 000 80
Flash-EPROM 80



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 RLV © IEC 2017 -33 -

6.2 Specific stress-factors models
6.2.1 Models General

The specific stress models are given for converting the failure rates between different
conditions. These stress models contain constants, which are average values for the
individual component types, from various manufacturers, determined from field experience
and laboratory tests.

1Gs (9)
A = Aef X 7T for all other ICs (10)

The sjress factors for voltage and temperature dependence are specifiedcin-6.2.2 and 6.2.3
respegtively.

6.2.2 | Voltage dependence, factor ry;
The vpltage dependence is only taken into account for digital‘€MOS and bipolar analojg ICs,

according to Equation (3). The constants C4, C, and C; given in Table 10 are used, pnless
other yalues are stated. The results are shown in Table 11 and Table 12.

Table 10 — Constants for voltage dependence

Integrated circuit Uret /Urat Uef Cq Cy C3

Digital CMOS-family = 5V 0,1Vv~! 1 -
Analgg 077 - - 4,4 1,4

Table 11 — Factor 7 for digital CMOS-family ICs

Uop (V) <3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 || 15

Factor 7y 0,8 0.9 1 1.1 1,2 1,3 1,5 1,6 1,8 2,0 2,2 2,5 2,7

Table 12 — Factor 7 for bipolar analog ICs

Uop/Urat <0,3 0,4 0,5 0,6 0,7 0,8 0,9 .0

Factor 7y 0,75 0,77 0,80 0,87 1,0 1,3 1,8 B,0

6.2.3 Temperature dependence, factor =t

The relationship given in Equation (6) applies only up to the rated junction temperature. The
constants 4, Eaq and Ea, given in Table 13 are used, unless other values have been stated.
The results are shown in Table 14 and Table 15.

Table 13 — Constants for temperature dependence

A Ea, Ea,

(eV) (eV)

ICs (except EPROM, OTPROM, EEPROM, EAROM) 0,9 0,3 0,7
EPROM, OTPROM, EEPROM, EAROM 0,3 0,3 0,6
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The factor z1 is obtained from Table 14 and Table 15:
— as a function of the actual virtual (equivalent) junction temperature;

‘Qcp;@mnb—“;gx—R‘thTamb‘gop = amb + Fop X Rth amb in degrees Celsius, (11)

— and as a function of the virtual (equivalent) junction temperature under reference
conditions (see 6.1);

Oret =40 + AT in degrees Celsius, (12)

where AT, is measured or calculated as ATgr = Fef X Rip amb -
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7 Discrete semiconductors

7.1 Specific reference conditions

The following recommendations for reference temperatures given in Table 16 to Table 19 are
based on a component ambient temperature of 40 °C and correspond to the majority of
applications of components in equipment.

The reference self-heating, ATigr = Rgf X R amp »—ShaH should be given when using other
reference temperatures than those stated in the tables. When stating a failure rate for an

ambiept temperature of 40 °C, the reference power dissipation, F£g, and the \thermal
resistance, Ry, amp. to the environment for which this value holds,-shall should alsobe given.
For discrete semiconductors there are two thermal resistances generally~considered; one
betwepn the junction and the case, the other between the case and the environmenf. The
thermal resistance, Ry, gmp. a@bove, should be the one that is mast ‘significant [n the
applicption under consideration.
Table 16 — Transistors common, low frequency
0 Note
ref
Component Referenjce
°C voltage rhtio
Bipoldr, universal e.g. TO18, TO92, SOT(D)(3)23 or similar 55
Trans|stor arrays 55
Bipoldr, low power e.g. TO5, TO39, SOT223, SO8, SMA-SMC 85
Bipolgr, power e.g. TO3, TQ220; D(D)-Pack 100 Uref /Urat 05
FET junction 55
MOS 55
MOS power (SIPMOS) e.g. TQ3, TO220, D(D)-Pack 100
Table 17 — Transistors, microwave, (e.g. RF > 800 MHz)
0 Note
ref
€omponent Referenjce
°C voltage rhtio
Bipolgr wide band, small signal 55
power 125
GaAs|FET small signal low noise 95
medium power 110 Uref /Urat 05
high power 145
MOSHET wide band, small signal 55
power 125
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Table 18 — Diodes

O ref
Component Note

°C
Universal diode (also with avalanche characteristics) 55
Schottky diode 55
Limiting diode (suppressor diode) 40
Zener diode (P, , < 1 W) voltage protection? 40
Zener diode, power stabilization® 100
Reference diode 45
Microwaue. rlir\rin‘ small eignal detector diode 45

capacitance diode 45 =\

mixer diode 70
pin diode 55
Microyave diode, power storage varactor 100
gun diode 160
impatt diode 180
pin diode 100
High-yoltage rectifier diode 85

(de = 40°C).

b If ised for stabilization then the calculation-shall should take self-heating jnto account.

a8 If |applied for voltage protection the calculation can be made without accounting for self-h

pating

Table 19 — Power semiconductors

Speciglized and custom-made,power semiconductors

consult manufacturer

O ref
Component Note

°C

Rectiffer diodes (also with avalanche characteristics) 70

Rectiffer bridges 85

Schotfky diodes 85

Thyrisltors 85

Triacsl, diacs 85

7.2 |Specific stressfactors models

7.21 General

The gpecific;stress models are given for converting the failure rates between di
conditjons>-These stress models contain constants which are average values for the ind

compgnent types from various manufacturers
laboratory tests).

The failure rate under operating conditions, from Equation (2), is as follows:

A = def XY X 7T for transistors

A = Jref X 7T

NOTE 1

NOTE 2

for diodes and power semiconductors

Power semiconductors refer to rectifier diodes, bridge diodes, thyristors, triacs and diacs.

determined from_ field experienc

Diodes refer to general purpose diodes, Schottky diodes, voltage regulators and Zener diodes.

ferent

vidual
and

(13)

(14)
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The stress factors for voltage and temperature dependence are given in 7.2.2 and 7.2.3
respectively. Current may also be a significant factor.

7.2.2 Voltage dependence for transistors, factor 7

The voltage dependence is only taken into account for transistors according to Equation (3).

The constants C, and C5 given in Table 20 are used, unless other values are stated. The
results are shown in Table 21.

Table 20 — Constants for voltage dependence of transistors

Urer / Urat C2 C3

0,5 8,0 1.4

Table 21 - Factor 7y for transistors

Uop /Urat <06|065| 07 |075| 08 (085 09 [095| 1

Factor 7 1 1,04 | 1,08 | 1,14 | 1,26 | 1,46 | 582+ 2,52 4

7.2.3 Temperature dependence, factor =t

The r¢lationship given in Equation (6) applies only dp“to the maximum permissible junction
temp%Irature. The constants 4, Eay and Ea, given:in Table 22 are used, unless other yalues
have een stated. The results are shown in Tablé&28 and Table 24.

Table 22 — Constants for temperature’dependence of discrete semiconductors

Component A Ea, Ea,
(eV) (eV)
Transistors, reference and.mierowave diodes 0,9 0,3 0,7

Diodes (without reference and microwave diodes)

1,0 0,4 -
Power semiconductors*@

a

Rectifier diodes, bridge rectifiers, Schottky diodes, thyristors, triacs and diacs

The fgctor z1(is obtained from Table 23 and Table 24:

— as|afunction of the actual junction temperature;

O =ampy+PxRypramty Yop = Oamb + Fop X Rihamb  in degrees Celsius, (15)

and as a function of the junction temperature under reference conditions (see 7.1);

Oref =40 + ATpgt in degrees Celsius, (16)

where AT is measured or calculated as ATrer = Fref X Rip amp -
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8 Optoelectronic components

8.1 Specific reference conditions

The following recommendations for reference temperatures given in Table 25 to Table 29 are
based on a component ambient temperature of 40 °C and correspond to the majority of

applications of components in equipment.

The reference self-heating, AT.ot = Fof X Ry, amp » SHaH should be given when using reference

temperatures other than those stated in the tables.

When| stating a failure rate for an ambient temperature of 40 °C, the reference’ |power
dissipgtion, As, and the thermal resistance, Rth,amb, to the environment for which this| value
holds,|shaH should also be given.
For optoelectronic components there are two thermal resistances generally considered: one
betwepn the junction and the case, the other between the case and\the environmenf. The
thermal resistance, Rth,amb, above, should be the one that is most significant in the application
under|consideration.
Table 25 — Optoelectronic semiconductor-signal receivers
Reference junction
temperature Note
Component O ref Referenfce
voltage rptio
°C
Photofransistor plastic and hermetically enclosed 45 Uref/Urat = 0,5
Photodiode (Si and Si PIN, InP, InP APD, Ge, Ge APD) 45
Photo| element 45
Detector module 40
Solar component 40
Table 26\—)LEDs, IREDs, laser diodes and transmitter components
Reference junction
temperature Note
Component 0 ref Referenke
current ratio
°C
LED visible light 45
(radial and SMT, large power packages (> 100 mA DC)) Iref/lrat =05
LED IRED ((Al)GaAs, InP) 75
Laser diode (GaAs 880 nm, InP 1 300 nm, InP 1 500 nm) 75
Laser array, pump laser / pump laser cooled (GaAS 980 nm, InP 45

1480 nm)

Laser-transmitter modules

consult manufacturer

Displays (LED) 55
Displays (LCD, vacuum florescence) consult manufacturer
Semiconductor optical amplifier (SOA) 45
Fibre (EDFA) consult manufacturer
Modulators (InP, LiNbO,) 40
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Table 27 — Optocouplers and light barriers

Reference junction

temperature
Component O ret Note
°C

Optocoupler with bipolar output 55

with FET output 65

with subsequent electronics 55

with subsequent power electronics 65 o
Light parrier with diode output / transistor output 55

with subsequent electronics 55

Table 28 — Passive optical components
Reference junction
temperature
Component Ohes Note
°C

Optical waveguide connector (n-fold) 40
Optical fibre pigtail (one driver and one connector) 40 -
Fibre 40
Dispefsion compensating fibre (DCF) 40
Isolatprs 40
Circulptors 40 No temperature
Optical multiplexer, demultiplexer (thin film, ariayed-waveguide 40 dependencg to
grating (AWG)) consider
Optical attenuators (fixed value, electromechanical) 40
Switch (electromagnetical, MEMSs) 40
Coupler, splitter, filter (thin film, Bragg) 40

Table 29 ~Transceiver, transponder and optical sub-equipment

Reference junction

(electro-mechanical)

temperature
Component 0 ref Note
°C
Transceiver, Transponder SFF, SFP 40
Xponder / Long haul tuneable
Optical spectrum analyzer (OPA, complex / OSA, complex)
i i i Consult T

Active dispersion compensator
manufacturer

Wavelength selective switch

Wavelength blocker

Ground trip current (GTC) interrupter 40 No temperature

dependence to
consider
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8.2 Specific stressfactors models
8.21 General

The specific stress models are given for converting the failure rates between different
conditions. These stress models contain constants. They are average values for the individual
component types from various manufacturers (determined from field experience and

laboratory tests).

The failure rate under operating conditions according to Equation (2) is:

A = Aref X Ty X T for phototransistors

A = Aref X 7T for other optical semiconductor signal receivers,
optocouplers and light barriers,
optical waveguide connectors, optical fibre pigtdils,
transceivers, transponders

A= Aot XMy X 7T for light-emitting diodes (LEDs) and infrared-emitting
diodes (IREDs)

A = Aref for other optical components

The sfress factors for voltage, current, and temperature dependence are given in 8.
8.2.4.

8.2.2 Voltage dependence, factor

(17)

(18)

(19)

(20)

2.2 to

The yoltage dependence is only takentiinto account for phototransistors according to

Equatfon (3). The constants C, and Cs:given in Table 30 are used, unless other valu
stated| The results are shown in Table 31.

Table 30 — Constants for voltage dependence of phototransistors

l]ref

p— C C
l]rat 2 3
0,5 8,0 1,4

Table 31 — Factor 7, for phototransistors

eS are

U
== <0-6-0:65—0:7—0;75——0;6—0:85—0:9—0;95——1
Umt

Factor 7 1 | 1,04 | 1,08 1,14 | 126|146 | 182|252 ]| 4

8.2.3  Current dependence, factor 7,

The current dependence is only taken into account for LEDs and IREDs, accord

ing to

Equation (4). The constants C, and Cg given in Table 32 are used, unless other values are

stated. The results are shown in Table 33.
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Table 32 — Constants for current dependence of LEDs and IREDs

8.2.4

have

Table 34 — Constants for temperature dependence ofioptoelectronic componen

Iref
_ret C C
Irat 4 5
0,5 1,4 8,0
Table 33 — Factor 7 for LEDs and IREDs
I
—o° <0,6|065| 07 [075| 0,8 |0,85| 0,9 | 0,95
rl’aI
Factor 7 1 1,04 [ 1,08 | 1,14 [ 1,26 | 1,46 | 1,82 | 2,52

Temperature dependence, factor =t

lationship given in Equation (5) applies only up to the maximum) permissible junction

een stated. The results are shown in Table 35.

The r
temp%Irature. The values for the constant Ea4 given in Table 34 are.used, unless other

Component Ea,

(eV)

Optical semiconductor signal receiver Si 0,3
InP 0,7

Ge 0,6

Light-emitting diodes (LED) 0,65
Infrared-emitting diodes (IRED) (Al)GaAs 0,65
InP 1,0

Semiconductor laser. GaAs 0,6
InP 0,8

Optocoupler ahd light barriers 0,5
Optical wayveguide connector; optical fibre pigtail 0,3
Transceiver, transponder 0,4

The fgctor zy\is obtained from Table 35:

— as|adunction of the actual junction temperature;

alues

its

O

— and as a function of the junction temperature under reference conditions (see 8.1);

Orer =40 + AT

p = Gamb * Fop X Rih amb in degrees Celsius,

in degrees Celsius,

where AT is measured or calculated as ATt = Bet X Rin amb -

(21)

(22)
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Optical semiconductor signal receiver

Factor 71 for 9

eref °
oC OC
<25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
) 40 | 0,57 | 0,69 | 0,83 1 1,2 1,4 1,7 2 2,3 26 | 31| 3,5 4 4,6 | 53 6
Sl 45 10,48 | 0,58 | 0,7 | 0,84 1 1,2 1,4 1,6 1,9 22 |26 3 34139 | 44 5
40 | 0,27 | 0,42 | 0,66 1 1,5 2,2 3,3 4,8 6,8 9,7 14 19 26 | 36 48 65
P 4p | 0,18 | 0,28 | U,44 | U,66 T T.5 7,2 3,2 T5 5.4 9 T3 T7 L 32 43
4D [ 0,33 | 0,48 | 0,7 1 1,4 2 2,8 3,8 5,2 7 9,4 12 16 | 21 28 36
Ge 4p | 0,23 | 0,34 | 0,49 | 0,7 1 1,4 1,9 2,7 3,7 49 | 6,6 | 88 12 15 20 25
LED (visible|light and IRED)
Factor 71 for gop
enef
o OC
[ <25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
4p | 0,20 | 0,31 | 0,46 | 0,68 1 1,4 2,1 2,9 | 41 56(1y7,7 11 14 19 25 33
(Al)GaAs| 5p |0,099| 0,15 | 0,22 [ 0,33 | 0,49 | 0,7 1 1,4 2 2% 137 ]| 51 |69 ]92 12 16
7p (0,026 | 0,04 | 0,06 |0,088( 0,13 | 0,19 | 0,27 | 0,38 | 0,53(])0,73 1 1,4 | 1,8 | 24 ||3,2 4,3
|InP 7p (0,004 (0,007 (0,013 (0,024 (0,043 |0,076| 0,13 | 0,22 |£0}37 | 0,62 1 1,6 | 2,5 4 6,1 9,3
[Semicondudtor laser
Factor)7z for aop
enef
o OC
[ <25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
GaAs | 7p [0,035(0,051]|0,074| 0,11 | 0,15 | 0,2%+/| 0,3 | 0,41 | 0,55 | 0,75 1 1,3 | 1,7 | 2,3 3 3,8
InP 7p (0,035(0,051(0,074| 0,11 | 0,15,(0,21 | 0,3 | 0,41 | 0,55 | 0,75 1 1,3 | 1,7 | 2,3 3 3,8
Optocouplef and light barrier
Factor 77 for gy,
enef
ob °C
[ <25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
56 | 0,17 | 0,23,| 082 | 0,43 | 0,57 | 0,76 1 1,3 1,7 22 | 28|35 |44 |55](]|6,8 8,5
6p | 0,1 [ 0/14\] 0,19 | 0,25 | 0,34 | 0,45 | 0,59 | 0,77 1 1,3 | 1,6 | 2,07 | 2,6 | 3,3 [K4,05 | 5,01
Optical waveguide connector; optical fibre pigtail; modulator; wavelength selective switch; wavelength blgpcker
ol Factor 77 for 9.,
hi o
N <25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
40 | 0,57 | 0,69 | 0,83 1 1,2 1,4 1,7 2 2,3 26 | 3,1 35 4 4,6 | 53 6
Transceiver, transponder
Factor 71 for 90p
gref
oC OC
<25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
40 | 0,47 | 0,61 | 0,79 1 1,3 1,6 2 2,4 3 37 |44 | 54 |65 |77 ]| 92 11
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9 Capacitors

9.1 Specific reference conditions

The recommendations for reference temperatures given in Table 36 are based on a
component ambient temperature of 40 °C and correspond to the majority of applications of
components in equipment.

Table 36 — Capacitors

Refere_r:ce
capacitor Note
Type of capacitor temp@erature Referenke
ref voitage rhtio
°C
Metall(foil
Polys{yrol, polypropylene, polycarbonate, polyethylene terephthalate
Metallized film
Polypropylene, polycarbonate, polyethylene terephthalate, acetyl
cellulgse
Metallized paper (film)
0
'\G":Ca 20 Sgltsgc;far\?tj(? °C
ass
Acety| cellulose Uref /Urat s
Ceranpic
Depogited capacitors for hybrid circuits
Tantajum electrolytic
— npn-solid electrolyte
— soplid electrolyte
Alumipium electrolytic 80 % of ratqd
— npn-solid electrolyte 40 voltage at 4p *C
— splid and polymer electrolyte Uref /Urat =P8
Varialple 40 ——--
9.2 |Specific stress factors model
9.2.1 ModelGeneral
The fdilure-rate under operating conditions according to Equation (2) is:

g s (23)

NOTE Aluminium electrolytic components with non-solid electrolyte are electrochemical components with an ‘
especially wide technology range. Therefore the given constants and factors are just estimates of the values. More
specific values—may can be given in the relevant component specifications or-may can be agreed upon between |
user and manufacturer.

The stress factors for voltage and temperature dependence are given in 9.2.2 and 9.2.3.

9.2.2 Voltage dependence, factor ry;

The voltage dependence is only taken into account for fixed capacitors, according to
Equation (3).

For variable capacitors, 7y =1.
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The constants ¢, and c5 given in Table 37 are used, unless other values are stated. The
results are shown in Table 38.

Table 37 — Constants for voltage dependence of capacitors

. Utet
Type of capacitor U_ C, C,
rat

Paper, metallized paper
Metallized polypropylene film
Metallized zoI::ZthSI);ne terephthalate film 0.5 1,07 3.4
IVIUldIIiLEU CClUTOose dieldlc IiIIII
Polycarbonate film metal foil
Metallized polycarbonate film 0.5 150 4,56
Polystyrene film
Polyethylene terephthalate film metal foil 0,5 1,29 4.0
Polypropylene film metal foil
Glass 0,5 1,11 4,33
Mica 0,5 1012 2,98
Ceramic 0,5 1,0 4,0
Deposited capacitors for hybrid circuits 0,5 1,0 4,0
Aluminium electrolytic, non-solid electrolyte 0,8 1,0 1,36
Aluminium electrolytic, solid electrolyte 058 1,9 3,0
Tantalum electrolytic, non-solid electrolyte 0,5 1,0 1,05
Tantalum electrolytic, solid electrolyte 0,5 1,04 9,8

Table 38 — Factor 7, for capacitors

Factor 7y for Uop/Urat

Type of capacitor 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Paper, mmetallized paper

MetallizZed polypropylene film
. . 0,26 | 0,36 | 0,50 | 0,71 1,0 | 1,40 | 2,0 2,9 4,2 6,1
MetallizZed polyethylene terephthalate film

Metallized cellulose acetate film

Polycarponate film metal foil
. . 0,23 [ 0,30 | 0,42 | 0,63 | 1,0 1,7 2,9 5,2 9,8 19
MetallizZed polycarbgnate film

Polystyfene film
Polyethylenerterephthalate film metal foil 0,24 | 0,32 | 0,45 | 0,66 1,0 1,5 2,4 3,9 6,4 11
Polypropyfene film metal foil

Glass U,T9 [ 0,28 | U,4Z | 0,64 | 1,0 T.6 Z,5 70 5,3 10
Mica 0,32 | 0,42 [ 0,55 | 0,74 | 1,0 1,4 1,9 2,6 3,6

Ceramic 0,20 | 0,30 [ 0,45 | 0,67 | 1,0 1,5 2,2 3,3 5,0 7,4
Deposited capacitors for hybrid circuits 0,20 | 0,30 | 0,45 | 0,67 1,0 1,5 2,2 3,3 5,0 7,4

Aluminium electrolytic, non-solid electrolyte | 0,39 | 0,44 | 0,51 | 0,58 | 0,67 | 0,76 | 0,87 1,0 1,2 1,3

Aluminium electrolytic, 015 | 0,16 | 0,19 | 0,24 | 0,31 | 0,44 | 064 | 10 | 16 | 28
solid electrolyte

Tantalum electrolytic, non-solid electrolyte | 0,66 | 0,73 | 0,81 [ 0,90 | 1,0 1,1 1,2 1,4 1,5 1,7

Tantalum electrolytic, solid electrolyte 0,021 (0,054 | 0,14 | 0,37 | 1,0 2,7 7,4 20 56 154
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9.2.3 Temperature dependence, factor =t
The relationship given in Equation (6) applies only up to the maximum permissible component

temperature. The constants 4, Ea, and Ea, given in Table 39 are used, unless other values
have been stated. The results are shown in Table 40.

Table 39 — Constants for temperature dependence of capacitors

Type of capacitor A Ea, Ea,
eV eV
annr
Metallized paper
Metallized polypropylene film
Metallized polyethylene terephthalate
film
Metallized acetyl cellulose film 0,999 0.5 1,59
Polyethylene terephthalate film metal foil
Polypropylene film metal foil
Polystyrene film metal foil
Metallized paper film
Polycarbonate film metal foil, 0,998 0,57 1,63
Metallized polycarbonate film
Glass, mica 0,86 Q,27 0,84
Ceramic 1,0 0,35 -
Deposited capacitors for hybrid circuits 19 0,15 -
Aluminium electrolytic, non-solid 0,87 0,5 0,95
electrolyte
Aluminium electrolytic, solid electrolyte 0,40 0,14 0
Tantalum electrolytic, non-solid 0,35 0,54 0
electrolyte
Tantalum electrolytic, solid.electrolyte 0,961 0,27 1,1
Variable 1,0 0,15 -
The fgdctor 71 is obtained from-/Table 40:
— as|a function of thefactual capacitor temperature;
Ohp = Oamp + AL in degrees Celsius, (24)
where AFE s the temperature change due to operating conditions;
— ang“as’a function of the capacitor temperature under reference conditions (see Tablg 36);

Oref =40°C (25)
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Table 40 — Factor » for capacitors

Capacitor Factor 71 for
temperature T Oop
under °ca
. reference
Type of capacitor conditions
O ref <2030 |40 | 50 (60 | 70 ([ 80 | 85 | 90 |100 (105|110 (120|125
°C

Paper,

Metallized paper,

Metallized polypropylene

film,

Metalljzed polyethylene

terepHtthalate film,

Metalljzed acetyl cellulose

film, 40 0,28 [0,54(1,0(1,8[3,1]52| 9 |12 |16 | 33 |49 | 77 |210 (350
Polyethylene terephthalate

film mjetal foil,

Polypfopylene film metal

foil,

Polystlyrene film metal foil,

Metalljzed paper film

Polycarbonate film metal

foil, 40 0,24 10,50(1,0(1,913,6 6,7 43 | 18 | 27 | 63 |100 (170 | %10 [900
Metalljzed polycarbonate

film

Glass| mica 40 0,45 (0,67 1,0 [1,5|25Y4,2|7,5| 10 | - - - - - -
Ceranjic 40 0,41 (0,65(1,0(1,5[2,2|3,1|44|51]| 6 |81]9,3|11 |14 |16
Alumipium electrolytic, 40 0,26 [0,51[1,0 [4,0'[3,7|7,2| 14 | 20 | 28 | 55 | 77 110|210 |290
non-s¢lid electrolyte

Depogited capacitors for 40 0,68 (0,830 1.2 [1,4 |16 [1,9] 2 |22]25]|26|28]|p.1 3,3
hybrid| circuits

Aluminium electrolytic, 40 088094 1,0 [1.1[1.2]1,2(1.3] 1414|1516 |16[1.8]1.8
solid ¢lectrolyte

Tantalum electrolytic, non- 40 074 los3l10l13118|27]| 4 5 ) B ) B B }
solid glectrolyte ’ ’ ’ ’ ’ ’

Tantalum electrolytic, solid 40 049 (0,7 (1,0 [1.45(22 37| 7 | 10 | 15 | 32 | 49 | 73 |}70|250
electrplyte

Varialjle 40 0,68 10,8311,0(1,2|14(16(1,9| 2 |2,2]2,5]|2,6(2,8]|B,1]3,3
a8  The relationships given.apply up to the rated capacitor temperature only.

10 Resistors~and resistor networks

10.1 [Specific reference conditions
The recommendations for reference resistor element temperatures given in Table 41 are

based on a component ambient temperature of 40 °C and correspond to the majority of
applications of components in equipment. The reference self-heating, AT, —shalt should be

given when using other reference temperatures.
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Table 41 — Resistors and resistor networks
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Reference resistor

element temperature Note
Component O ref Reference
power ratio
°C
Carbon film 55
Metal film 55
Deposited thin film resistors for hybrid circuits 55
Deposited thick fil istors for hybrid circuit 55 50 % of rated
eposite ick film resistors for hybrid circuits power at 40 °C
Networks (film circuits) per resistor element 55 Pret /Prat =05
Metal-oxide 85
Wire-wound 85
Variable 55

10.2
10.2.1

The f4

The sfress factors for temperature dependence are’given in 10.2.2.

10.2.2

Specific stress-factors models

Model General

A= Jref X 7T

Temperature dependence, factor, =1

ilure rate under operating conditions according to Equation (2) is:

(26)

The relationship given in Equation (6).\applies only up to the maximum permissible re¢sistor

eleme
valueg

The f4

nt temperature. The constants(4, Eaq and Ea, given in Table 42 are used, unlesg
have been stated. The results are shown in Table 43.

Table 42 — Constants for temperature dependence of resistors

A Ea, Ea,
eV eV
0,873 0,16 0,44

ctor ;71 is obtained from Table 43:

other

— as a function of the average actual temperature of the resistor element;

90p = Hamb +AT

in degrees Celsius,

(27)

Where‘AT——vP—kRmb———(@W—A-O)%(I%LPr—at—), AT:PopXRth,amb Z(Hmax_40)X(Pop/Prat) in
degrees Celsius, is the temperature change due to operation (with 6, as maximum
resistor element temperature);

— and as a function of the average temperature of the resistor element under reference
conditions (see Table 41);

6’ref =40+ ATref

(28)
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Table 43 — Factor 1 for resistors

O ref Factor 77 for g,
Component °C °c
(see 10.1) |<25| 30 | 40 [ 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 125
55 0,49 | 0,56 | 0,71 | 0,89 | 1,1 1,4 1,8 2,2 2,8 3,6 4,6 5,1
Resistors
85 0,25 | 0,28 | 0,35 | 0,45 | 0,56 | 0,71 [ 0,89 | 1,1 | 1,4 | 1,8 | 2,3 | 2,6
11 Inductors, transformers and colls
11.1 [Reference conditions
The rnecommendations for reference temperatures given in Table 44 are* based|on a
compgnent ambient temperature of 40 °C and correspond to the majority of applicatipns of
compgnents in equipment. The reference self-heating, AT.,—shall should be given|when
using pther reference temperatures.
Table 44 — Inductors, transformers and-coils
Average reference
winding N
temperature
Comppnent Referer|ce
O ref power ratio
°C
Inductprs for EMC applications < 3A 60
> 3A 85 50 % of rat¢d
Low frequency inductors and transformers < 25 kHz 55 power at 4Q °C
High flequency inductors and transformers >'25 kHz 55 Pref/Prat =P5
Mains [transformers and transformers for switched-mode power supplies 85
11.2 [Specific stress-factors-model
11.2.1 Meodel General
The fgilure rate underoperating conditions according to Equation (2) is:
A = Aref X 7T (29)

The sllress factors for temperature dependence are given in 11.2.2.

11.2.2 Temperature dependence, factor 71

The relationship given in Equation (6) applies only up to the maximum permissible winding
temperature. The constants 4, Ea, and Ea, given in Table 45 are used, unless other values
have been stated. The results are shown in Table 46.

Table 45 — Constants for temperature dependence
of inductors, transformers and coils

A Ea, Ea,
eV eV
0,996 0,06 1,13
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The factor 71 is obtained from Table 46:

- 51 -

— as a function of the actual average winding temperature;

Hop =Uamb +AT

in degrees Celsius

where AT is the temperature change due to operating conditions;

(30)

— and as a function of the average winding temperature under reference conditions (see
Table 44);

Href =40+ ATref

w

in degrees Celsius

ere AT.U.‘ is measured or calculated at 05 x Dot

Table 46 — Factor ~ for inductors, transformers and coils

(31)

Comjponent

0 ref
°C

(see 11.1) | < 25

30

40

50

Factor 71 for 9.,

°C

70 80 85

90 \| 100 | 110

120

125

Induc|
transt
coils

fors,
ormers,

55 0,79

0,82

0,89

0,96

1,2 11,519

2,3 | 43 | 8,8

19

29

60 0,75

0,78

0,84

0,91

1 1.1 1,5 (/8

2,2 4 8,4

18

27

85 0,43

0,44

0,48

0,52

0,66 [ 0,83\ 1

1,3 123 | 4,38

10

15

12

121

The rqg

Mjicrowave devices

Specific reference conditions

ference conditions are given in Tablgw47.

Table 47 — Microwave devices

Component

Reference component
temperature

0 ref
°C

Note

Microwave elements

Coaxial andiwave guides

Load

Attenuator fixed

Attenuator variable

Fixed elements

Directional couplers

40

Fixed stubs

Cavities

Variable elements

Tuned stubs

Tuned cavities

Ferrite device (transmitter)

Ferrite device (receiver)

RF/microwave passives

Filter

Isolator

Circulator

Splitter/combiner

Synthesizer

40

Temperature and
electrical stress have
no impact on the
failure rates.
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12.2 Specific stress-factors models

No-values models are currently known from experience in applying temperature and electrical
stresses.

13 Other passive components

13.1 Specific reference conditions

The reference conditions are given in Table 48.

Table 48 — Other passive components

Reference
component
temperature
Component Note¢
O ref
°C
Varistofs
PTC the¢rmistors, NTC thermistors
Surge drresters
Cerami¢ resonators
Filters
Surfacq wave filters (SAW), Surface wave oscillators (SAW-oseillators), Temperatufe and
voltage|controlled oscillators (VCO) 40 electrical sfress
- - have no impact on
Piezoelpctric components (transducers and sensors) the failure fates.
Crystal
Crystal|oscillators:
XO (clogk), VCXO (voltage controlled), TCXQ (temperature
comper|sated), OCXO (oven controlled)
Feed-tHrough capacitors, feed-through filters
Fuses

13.2 [Specific stress-factors models

No-vajues modets are currently known from experience in applying temperature and electrical
stresses.

14 Electrical connections

14.1 Specific reference conditions

The reference conditions are given in Table 49.



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 RLV © IEC 2017

Table 49 — Electrical connections
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Conductor 0 Note
Component cross-section ref Reference
mm? °C current ratio

Solder (manual, machine) -
Wire bond for hybrid circuits (Al, Au) -
Wire-wrap 0,05t0 0,5 50 % of rated
Crimp (manual, machine) 0,05 to 300 current for the
Termi-point 011005 40 ggzgsg:gf
Press ir 8;3-to2
Insulatipn displacement 0,05to 1 Tret /Irat e
Screw 0,5to 16
Clamp (elastic force) 0,5to 16

14.2 [Specific stress-factors models

No-values models are currently known from

stressgs.

15 Cpnnectors and sockets

15.1 |Reference conditions

The rgference conditions are given in Table 50.

Table 50 — Connectors and sockets

experience in applyingtemperature and electrical

eref
Component Note
°C
Plug-in contacts that-shall should be«inserted without electrical load
(gold dr comparably corrosion-resistant, silver, tin, others)
. . . Operating|current
NOTE| These also include connéctors that can be inserted with a within thellimits
limited| electrical load according'to the data sheet. 40 stated in the data
Plug-in contacts that arelinfended to be inserted under electrical load sheet
Coaxidl plugs
Time geriod: Up to the time interval that 90 % of the components survive.
Duty cycle: For the electrical stress, the duty cycle is continuously or intermittently in operating ptate.
Pluggipgdreguency: < 1 plugging cycle per 1 000 hours.

15.2 Specific stress-factors models

No-values models are currently known from experience in applying temperature and electrical

stresses.

16 Relays

16.1 Reference conditions

Information contained in Clause 16 does not cover all today’s relays technology.

The reference conditions are given in Table 51.
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Llete
. 0 ref
Component Electrical contact stress Reference number of
°c operating cycles per
hour
Low duty relays: (0,5<U<U,)VACand
(0 <71<0,1) A by resistive load
General purpose relays: [(0< U< 13)V and 40 e =1
(0,1<I<1,,) A by resistive load and AC S
Automotive relays: (0<U<13)Vand
( ﬂ"l L< ,rat) A h\JI resistive laad

Time geriod:
Duty cycle:

Operafing cycles:

Operafing current within the limits stated in the data sheet
Electrifal contact stress (See stress regions in 16.2.3, Figure 2)
Up to the time interval that 90 % of the relays survive.

The duty cycle can be chosen within the limits set by the relay’s specification (for coil
and contact assembly).

Up to the maximum number of operating cycles specified in the data.sheet.

16.2
16.2.1

Specific stress-factors models
Model General

The fdilure rate under operating conditions is:

A = Aref X TES X TTg X T,

where

TES is the electrical stress dependence:factor;
s is the switching rate dependenge factor;
T is the temperature dependence factor.

The values of the stress factarsiare given in 16.2.3 and 16.2.4.

16.2.2

The factor

Dependence on'switching rate, factor zg

(32)

wg «onsiders the number of operating cycles per hour, S, according to
Equatfons (7) and (8). Factor zg is not defined for S < 0,01.

g =Hfor-S<1

g =SFfor-S>1
a) mg=1 for 0,01< S < Sef (33)
b) VA ZS/Sref for S > Sref (34)
where
S is the number of operating cycles per hour;
Sref is the reference number of operating cycles per hour.

NOTE The factor 7g can be as much as 100 for hermetically sealed contacts, normally closed, or non-sealed

contacts, normally open under small loads.
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16.2.3 Dependence on electrical stress, factor zgg

The factors zgg given in Table 52 to Table 54

are based on the selection of the stress region
in Figure 2 and the type of load. Stress region 4

Uratr \%

Contacts where surge suppression is used can 13 | Stress
be treated like contacts under resistive load. region 2

The rated current 1.5 and the rated switching

voltagp—tr—are—obtained-irom-the—relay-detad

LI~ ~ oS

Stress region 3

0,5
specif|cation of the individual relay type. Stress
region 1

If different electrical stress conditions are
used, |a mission profile should be considered
(otherwise the higher stress factor should be
applief).

0 0,1 Lt A

Figure 2 — Selection of stress regions in
accordance with current and voltage-
operating conditions

Table 52 — Factor zgg for low current relays

Factor 7gg for:

R . e
:tresg region Resistive load . Capacitive® and Inductive load
see Figure 2) incandescent lamp load

1 2 2 -

2 1 8 8

3 2 20 40

4 8 40 -

2 Mpximum current peak (see relay detail specification) not to be exceeded.

Table 53 — Factor zgg for general purpose relays

Factor 7gg for:
Resistive load Capacitive? and Inductive load
. incandescent lamp load
Stress region
(coa-Eiagure-2) DC AC. DC. AC DC. AC
\ 9 7
1 without Au-coating 50 50 2 1 - -
1 with Au-coating 20 10 2 1 - -
2 20 10 10 5 10 5
3 2 1 10 5 20 10
4 10 2 10 5 50 20

a

Maximum current peak (see relay detail specification) not to be exceeded.
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Table 54 — Factor g for automotive relays
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Stress region
(see Figure 2)

Resistive load

Factor 7gg? for:

Capacitive? and

incandescent lamp load

Inductive load

3

1

2 (1)

4

1

2 (1)

a

b

Values in parentheses are valid for tungsten pre-contact.

Maximum current peak (see relay detail specification) not to be exceeded.

16.2.J Temperature dependence, factor =t

The relationships given in Equations (5) and (6) apply only up to the maximum permjssible
compgnent temperature. The formula constants 4, Eaq and Ea, given in TFable 55 are|used,
unlesg other values have been stated.

Table 55 — Constants for temperature dependence of relays

Supporting construction A Ea, Ea,
eV eV
Plastic 1,0 0,175
Metal, glass, ceramic 0,006 0,646 0

The dalculated factors =y are shown in Table 56 and are dependent on the ambient

tempejrature, O, -

Table 56— Factor = for relays

Factor 7 for the average ambient temperature Oy}, ?

Supporting construction <40 °C 70 °C 100 °C 12p °C
Plastig 1 1,8 2,8 a
Metal, |glass, ceramic 1 1 1,3 P

a8  Valid only up to thedmaximum permissible ambient temperature according to the relay detail specificatid

>

17 Switches and push-buttons

17.1 'Specificreferenceconditions

The reference conditions are given in Table 57.
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Table 57 — Switches and push-buttons

Oref
Component Electrical contact stress Note
°C
Dip fix and encoding switches: within the limits of the data sheet Operating current
- within the limits
Switches and push-buttons for (0,5<U< U,y VACand stated in the data
light-current applications: (01<I<I A sheet
by resistive load ---
Electrical contact
Switches and push-buttons for (0,56<U<13)Vand stress (see stress
higher load: (01<I<I )A regions in Figure
by rocictiva laoad 3)
byresistivetoad }
Time geriod: Up to the time interval that 90 % of the switches and push-buttons survive.
Duty cycle: The duty cycle can be chosen within the limits set by the specification.

17.2 |Specific stress-factors models

17.2.1 Model General

The fdilure rate under operating conditions is:

where| 7zgg is the electrical stress dependence factor./The values of the stress facto

given jn 17.2.2.

A = Aref X TES

17.2.2 Dependence on electrical stress, factor 7zgg

a) for| dip fix, coding switches and foib, push-

buttons:

TES =1

b) forjother switches and push-buttons:

The factors zgg (given in Table 58 and

Table 59 are based on the selection of the
strg¢ss region in.Figure 3 and the type of load.

The¢ rated current 7., and the rated switching
voltage, U3t are obtained from the data sheet
of [thé individual switches and push-button

>
s
o
Stress region 4
13 |+ Stress
region 2
Stress region 3
0,5
Stress
region 1
0
0 0,1 Lo, A

(3%5)

typkes

Figure 3 — Selection of stress regions
in accordance with current and voltage-
operating conditions

s are
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Table 58 — Factor 75 for switches and push-buttons for low electrical stress

Stress region

(see Figure 3) L
Resistive load

Factor 7gg for:

Capacitive? and
incandescent lamp load

Inductive load

1 2 2 -
2 1 8 8
3 2 20 40
4 8 40 _

2 Makimum current peak (see data sheet) not to be exceeded.

Table 59 — Factor zgg for switches and push-buttons for higher electrical stress

Factor 7gg for:
(Sstgzslzsigrjrge;%r; Resistive load incaﬁgzgg::ﬁa;;?)dload Inductive loag

DC AC DC AC DC AC
1 Wjthout Au-coating 50 50 2 1 - -
1 Wjth Au-coating 20 10 2 1 - -
2 20 10 10 5 10 b
3 2 1 10 5 20 10
4 10 2 10 5 50 40

a8 Mgximum current peak (see data sheet) not to be exceeded.

18 Signal and pilot lamps

18.1 [Specific reference conditions

The rgference conditions are'given in Table 60.

Table 60 — Signal and pilot lamps

Ambient
temperature
Component O of Note

°C
Incandesceént lamps Rated voltagpe

40 nrrnrding i 7o)
Glow lamps specifications
Time period: Up to the time interval that 93,5 % of the lamps survive.
Duty cycle: The duty cycle is continuously in operating state; for intermittent operation the operating time

is the sum of the periods alight.

18.2 Specific stress-factors models

18.2.1 Model General

The failure rate under operating conditions, as a function of the operating voltage, is

calculated according to Equation (2) as follows:

A= et X7y

(36)
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18.2.2

Voltage dependence, factor 7

The stress factor 7y for voltage dependence is given in Table 61.

Table 61 — Factor ry for signal and pilot lamps

Factor 7y for Uop/Urat

Type of lamp

<0,70 | 0,80 | 0,85 [ 0,90 | 0,95 | 1,0 | 1,05 1,1 [1,15] 1,2 [ 1,30
Signal and pilot lamps;
railway-signalling lamps; [, 55 [ 10 [ 0,20 | 0,30 [0,60 | 1,0 [ 1,70 | 3,0 | 4,50 [\7]0 | 17.0

low voltage traffic-light
descent lamps

temp¢

NOTE]

rature, stress due to mechanical impact and electrical surges, or non.standard switching profiles.

2 Consult the manufacturer for additional information.

Incan
Igmps Halogen lamps - -] = Joso|10 17304 2] 1 | -
High voltage traffic-light _ _ _ _ 060| 1.0 | 20 [0 _ | _
lamps
Glow lamps (wit_h necessary series _ _ _ 05 | 07 1 19 | 16 | 2.0 | _
resistance)
NOTE|1 The failure rate, irrespective of construction and stress, may be higher for DC operation, highef ambient

19 P

Failur
conne

20 H

A hyb
circuit
diodes
to a

technq
gradu
technq

A hyb
declar

rinted circuit boards (PCB)

bs of PCBs should be taken into accountdn the stated failure rate for machine-sojdered

ctions (see 14.1).

ybrid circuits

Fid integrated circuit, hybdd microcircuit, or simply hybrid, is a miniaturized ele¢tronic

manufactured of individual devices, such as semiconductor devices (transistols

and

) and passive components (resistors, inductors, transformers, and capacitors), bpnded
substrate or print€ch ‘circuit board. A hybrid circuit is a circuit where two or| more

logies are combined (SMD, ASIC and flexible circuit technology). Hybrid circuitg

have

hily become symonymous with circuits, where one of the methods used is thigk film

logy, wherghy tracks and resistors are printed on a ceramic substrate.

rid cireuit is not considered a component in this document, in agreement with what is

ed/in-its introduction and scope. In fact a hybrid is to be considered an assembly, |a

miniat

urizéd, but not an electric component.

Iso if

Deposited capacitors and thick or thin film resistors are considered in the specific component
clauses.
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Annex A
(normative)

Failure modes of components

The failure mode is a description of what constitutes failure for a particular component type.
There are generally three types of failure — complete, partial or degraded and drift — however
most data handbooks do not make this distinction, giving a total failure rate of a component
that represents failure in all modes.

Howeyse ormationonfaillre modesis useful since sthe rate of cccurrence
modeg that is observed. This information is also a useful input into reliability analysis,.s
diagngstics coverage, and in safety analysis in order to calculate criticality of systems:

AnnexX A contains details on-summary failure modes that are useful for this\purpose. [These
summpry modes are higher level, usually as perceived at circuit level, thanthe actual physical
modeg that they represent and will often include within them a number of{lower level mofles.

The data presented herein has been derived from a number of sourees such as those ligted in
AnneX H and in IEC TR 62380. The tables give a means of allocating estimated failure fate to
specif|c failure modes when given a specific value for total failure rate.

For prediction purposes, component failure modes can bé.found in Table A.1 to Table A]7.

Table A.1 — Failure modes: ICs (digital)

Inputioutput | Input/output
Component fixed to 0 fixed to-1
Y Y
ICs{digitaly e e
Environment type Input/otitput fixed to 1 Input/output fixed to 0 Open circtit
Stuck at U Stuck at ground
% % %
Stationgry use at weather-
protectg¢d locations E12 50 50 .
Stationgry use at partially
weathef-protected orynon-
weathef-protecteg-locations E22 5 5 90
Portablg and nensstationary use,
ground jvehiélejhstallation E32

NOTE LEor"digital ICs the signal pins can be defined as inputs or outputs, When a fajlure occurs, for eachl input or
output pin, there are three chances:

— the (internal) failure caused the signal to be fixed at the logical level=1;
— the (internal) failure caused the signal to be fixed at logical level=0;

— the pin is no more internally connected.

The logical level=1, in terms of voltage, is usually the value of U_, (positive supply voltage), while the logical level=0
is usually ground (U = 0).

Sometimes there are different voltages, hence it is more appropriate to speak in terms of stuck-at-1 or stuck-at-0 for
the fixed signal at the failed pin.

For interface circuits, almost all defects are open circuits.

a8 See Table 1.
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Table A.2 — Failure modes: transistors, diodes, optocouplers

Forward
Short Open . leakage
Somponent circuit circuit Drift current
drift
% % % %
Transistors Silicon 85 15 -
GaAs 95 5 -
Diodes Silicon 85 80 4520 -
GaAs 95 5 -
Zener diodes 70 20 10
Thyristors 20 20 60
Optocouplers 10 50 40 -
Laser diodes 85 15 - -
Table A.3 — Failure modes: LEDs
Short circuit Optical
(forward Open cirduit coupling,
degradation) or fibre
% % %
Light emitting d|9de modules 70 10 20
package type: with window
Light emitting diode modules
d 4 1
package type: with fibre 0 0 50
Table A.4 — Failure modes: laséer diodes and modules
Diode failure C;)qpling Broken fibrp
ailure
% % %
(degradation of (high drop in
Lager diodes modules thecsuprerzzt]rtum, output power) )
1,3 um/1,55 pm modules increase)
10 90
e | S |
(0498 um 1,48 um) % p 18
(no laser effect, (high drop in (no output
Mddules (transmissibn) degradation of output power) power)
the spectrum,
0,85 um modules t
mlonomode filfa-9/125) _eurren
( increase)
80 10 10
(no laser effect,
Cdmepactdisks ?ﬁgr:d:(t;lt?&:f
0,85 wim modules wp”c“t !
(monomode fibre 9/125) increase) ) )
100

Table A.5 — Failure modes: photodiodes and receiver modules

Short circuit

package type: with fibre

(reverse Open circuit Coupling
degradation)

% % %
Photodiodes and receiver modules for
telecommunications 80 20 -
package type: with window
Photodiodes and receiver modules for
telecommunications 40 10 50
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Table A.6 — Failure modes: capacitors

Component Short circuit Open circuit Drift
% % %
NPO-COG
Ceramic Fixed ceramic dielectric capacitors — 70 10 20
Defined temperature coefficient —
Class |
X7R-X5R 90 10 -
5ZU-Y5V-Y4T 90 10 -
Feedtnrough capacitors 70 30 =
zosrr;g?/l voltage 30 30 40
Aldminium  non-solid electrolyte -
elgctrolytic :032'(;‘?/' voltage 50 - 50
solid electrolyte 10 90 -
Tahtalum non-solid electrolyte 80 20 -
elgetrolytic  g4)ig electrolyte 80 20 -
Mdtallized film 10 90 -
Miga 40 40 20
Variab'le ceramic capacitors, disks (dielectric 40 10 50
cefamic)
Other technologies 10 90 -
Fixed plastic, paper, d_ielectric c_apacitors - Radio 10 20 )
interference suppression capacitors (plastic, paper)
Thermistors with negative temperature coefficient 70 10 20

(NTC)

Table A.7 — Failure mades: Resistors, inductive devices, relays

e Open circuit | Short circuit Drift
% % %

Resistors Carbon film 100 - -

Metal film 40 - 60

High dissipation 100 0

film resistors

Wire-wound 100 - -

Variable (non 80 - 20

wirewound

FaYaXdaatatd

potentiometer)

Resistors 40 - 60
network (surface
mounting
resistors and
resistive array)

Inductive devices 80 20 -
Relays General purpose 80 20 -
Power relays 80 20 -
Mereuryrelays 50 50
Solid state 80 20 -
relays

Coaxial relays 80 20 -
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Annex B
(informative)

Thermal model for semiconductors

B.1 Thermal model

This document defines the equipment ambient temperature 6, as the average temperature
around the equipment. According to IEC TR 60943 it is the air surrounding the complete
device and, for devices installed inside an enclosure, it is the temperature of the air outside
the enclosure. A

Y
Inside| the equipment/system, there is a temperature distribution that depends %%e ppsition
of the|parts that dissipate power. Even if each unit in the equipment has its own temperature
distribution (depending on the type of component and its position), a cp@)onent afmbient
temperature 6,. is conventionally defined, that is constant for all compafients in the unit,
obtained by averaging the temperatures near each component. This,@) thesis is genmerally
valid for electronic units, although sometimes those that dissipate_a\|ot of power in a[single
point |should be excluded, in fact when a unit has areas wi mperatures signif{cantly
differgnt from 6,., for thermal modelling purposes they should% onsidered as two separate

units. S\\
O
More [precisely, the component ambient temperature is the temperature that wotild be
found|at the point where the component is installedq posing it could be removed (With or
withoyt heat sink). This is equivalent to supposi hat there are no components that by
themsglves significantly influence the ambient tb@‘perature for nearby components. In| other
words| it is as if between each component and ¢he others there would be a zone of sepgration

that hps a temperature equal to the compo t ambient temperature, that is a characferistic
of the|whole unit (see Figure B.1).
)
4\

Situatfons that do not correspond tQ\Q)is hypothesis are handled by considering separatgly the
parts ¢f the unit as if they were thQLmaIIy separate units, each with its own value of ,.

W
Each pnit inside the equipm therefore has its own thermal difference (Af6,_5. ) bgtween
the equipment ambient erature and the component ambient temperature. This diffgrence

is assphmed to be co @| for each value of 6, throughout the whole range of the latter|in the
range |of temperat onsidered normal for electric equipment, and depending on the jpower
dissippted by th é&ire unit.

For al cor@@nts of a unit:

\<</ Qo= 0+ ABy o0 (B.1)
where
Oac is the component ambient temperature (°C);
0, is the equipment ambient temperature (°C);
JANZ . is the difference between the equipment and component ambient temperatures
(K).

In order to define or calculate the failure rate of the components, the component temperature
also has to be evaluated:

0j = Oac + 405c_j  junction temperature, for integrated circuits and (B.2)

semiconductors
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0, = 04 + A405._c body temperature, for passive components subjected to (B.3)
dissipation '

In conclusion, the general thermal model can be summarized as:

A0pc ¢ = Px Rip ac-j (B.4)
AOac_c = PXRip ac—c (B.5)
where
P e
Rin achi 3
th,act] is the thermal resistance between component ambient temp r¢ and
junction temperature; /\
R N
th.aci-c is the thermal resistance between component ambient tem ture and body
temperature. Q@ .

Equipment

Area around the
components where
temperature may

be higher than 6,
Board/Unit

IEC
Figure B.1 — Temperatures inside equipment

B.2 Junction temperature calculation

When it is not possible to obtain the junction temperature value using the appropriate tools of
the experimental thermal analysis the junction temperature value can be calculated as a
function of the mean power dissipation P and of the device thermal resistance.

The simplified equation proposed here is sufficiently accurate for reliability calculations:
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0; =0ac + PX Rin ac—j (B.6)
0j = Ocase + Px Rt c-j (B.7)

where

G is the junction temperature (°C);

O is the component ambient temperature (°C);

Ocase is the case temperature (°C);

P is the component power dissipation (W);

Rin, acdj is the thermal resistance component ambient-junction (°C/W);

Rip c; is the junction-case thermal resistance (°C/W).

B.3 | Thermal resistance evaluation

The pfeferred method is to take the thermal resistance value specified or published by the

manuflacturers (see Figure B.2).

Figure B.2 =Thermal resistance model

If thg device thermal resistance values are not directly available (measurefents,
manuflacturer data), they cancbe‘calculated as a function of the package type, the pin number

and thle airflow factor.
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Table B.1 — Thermal resistance as a function of package type,

pin number and airflow factor

IEC 61709:2017 RLV © IEC 2017

th, c-j Rth, ac-j
°C/IW °C/W
DIL package ceramic 0,23/ 10 + 1520 (0,23 +0,66K) 10+ 1520
N+3
DIL package plastic 0,33/10 + 1520 (0,33 +0,66K) 10+ 1520
N+3
PLEC package plastic 0,28(15 + ;\?S%j (0,28 + O,72K)(15 + 1600 J
SOJ and SOL package plastic 0,28(15 + ]1\[7?%) (0,28 +O,72K)(15 + 1760 ]
PGA package ceramic 0,33{ 10+ 1440 (0,33 +40,66K) 10 + 1440
+3 N+3
QFP package plastic 0,4(27 2260) (0,4+O,6K)(27+ 2260)
+3 N+
: 11x10° 11x10°
BGA package plastic 0,4( 6,6 + 5 (0,4+0,6K 6,6 + 5

where|

N is the number of pins of the package;

K is the airflow factor given, according tothe air velocity v in m/s, by the following equdti

where|v is the air velocity in m/s. Typical values of v and K are given in Table B.2.

K:
v+0,7

0,59 xv +111

Table B.2 — Typical values of v are K

v K
m/s
Natural convection 0,15 1,4
Slightly assisted cooling 0,5 1,2
Fan assisted cooling 1 1
Forced cooling 4 0,7

B.4 Power dissipation of an integrated circuit P

The power dissipation of an integrated circuit (where experimental values are not available)

can be calculated considering its composing elements:

e a constant part from the direct current supply ( B¢ );

e afrequency dependent part ( B );

e duty cycle, for device with standby mode ( Fstpy ).
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By and B calculation can be performed using Table B.3:

©
where
((/O

Table B.3 — Values of By and 5

e B
Type
W W
MOS, Bipolar, ECL, GaAs Uce Nom Loc Max 0
CMOS ACT 161072 Upg nom Ny | Upe? fop 1078 (CogN, + € N3)
other Ucc Nom Icc Maxa Ucc2 f0p10_6 (CPsz + CLN3) \é
| €
memories Uce Nom Loc Max 0 /\
BICMOS Use Nom Tec Max Ucc2 fopm_6 (deNZ 3)
~V/
@ Normally 5 =0 /\Q%

T

N\

UccNom is the nominal voltage (V)

N
(default value Ugenom =3V, for BICMOS Uge N é\1 Vto 1,8 V);

4

Ieemay 1S the maximum supply current (A); QQ
Jop is the operation frequency (MHz); S\\§\
CL is the load capacitance (default vaIQ&\@L = 50 pF);
Cpd is the power dissipation capacit (pF);
4\
Ny is the number of inputs; o)
N, is the number of function\elements;
N3 is the number of out@é.
If a lijear device has than one current supply, Ry is calculated separately for

supply and the valuebﬁa summed.

um of %d P, calculated in the conditions defined above, identifies the

The s
dissipgtion i @ worst case Ryc and it is a value representative of the values dispers
differgnt n@%facturers and of different production lots.

For s

every

power
ion of

emi-custom Integrated cCircuits (gate arrays and cell based), the power dissl

pation

calculation is complex because the knowledge of the device internal composition is required,
in relation to its use (registers, flip-flop and latches number).

The calculation has to be extended considering every case and it is convenient for these
devices to define the maximum worst case power Pyyc as that one related to the maximum

admitted operating frequency.
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The worst case power value at the operating frequency is given by

_ Pwe fop + e (fmax _fop)

Bne o (B.9)
where
Pave is the worst case power dissipation at the maximum frequency (W);
B is the DC power dissipation (W);
Jop is the operating frequency (MHz);
Srnax is the maximum operating frequency (MHz);

fnax F 30 MHz (HC, HCT), finax = 50 MHz (AC, ACT), fmax = 100 MHz (BICMOS:

A conjentional value of the power dissipation F,, to be used in the jungction tempdrature

calculgtion is:

(fHc +35)
P = —_—
op R"’Cs-ﬂ,\,c+5 (B.10)
For dpvices with a standby mode, particularly memori€s,” the power dissipation F,, is
calculpted considering the duty cycle:
D (1005D)
Py = Pyy——+ Py~ B.11
av op 100 stby 100 ( )

where|

Fstoy is the standby power dissipatiognd\V);

D is the duty cycle (%).
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Annex C
(informative)

Failure rate prediction

C.1 General

Reliability predictions are conducted during the whole life cycle of equipment at various
and degrees of detail, in order to evaluate, determine and improve the dependability
equipment.

levels
of the

struct
availaple at the time (e.g. parts list, circuit diagram), and several reliability. mode
availaple depending on the problem (e.g. reliability block diagrams, fault treejanalysis,
space|methods).

Succ%sful reliability prediction of equipment generally requires a model that considdrs the
re of the equipment. The level of detail in that model will depend on the¥information

s are
state-

During the conceptual and early design phase, failure rate prediction“is'applicable to estimate

equipment failure rate in order to check if reliability targets may be achieved and to help|
decisipns about the architecture for the product (e.g. use of redundancy, cooling).

Relialility prediction calculations should begin as early\as possible, at the start
equip:Fent design phase, even if not all the applicable~gonditions can yet be known:

case (lefault values can be used provisionally, to help“determine those conditions whi
as yef unknown. These default values will thenxgradually be updated as the del
conditjons are identified.

This nmiethod is far preferable to the simplified~calculation method (for which all the valu
replaced by default values, including, those, which are already known). The calcu
should therefore be prepared in such away as to enable values to be modified easily.

make

bf the
n this
ch are
initive

s are
ations

The pfocedures in this document'can be used to carry out failure rate prediction at ref

rence

and dperating conditions—{paktts—count—and—parts—stress—method) (prediction at refg¢rence

conditjons is also known ag ‘part count prediction which assumes an average stress |on all
compgnents, while prediction at operating conditions, also known as part stress method| takes
the inglividual load on gach component into account. The part count method is usually used in
the egrly phase of the design, while part stress prediction is used later when the d¢tailed
design has been made. For part count prediction see C.2.4.2 and for part stress see C.24.4.3.).

C.2 | Failure rate prediction for assemblies

C.21 General

Failure rate prediction is usually performed at assembly level. Predictions are useful for
several important activities in the life cycle of equipment where they are used, in addition to

many other important procedures, to-assure ensure reliability goals.

Examples of such activities:

— assess whether reliability goals can be reached;

— identify and mitigate potential design weaknesses;

— compare alternative designs;

— evaluate designs;

— provide input data for higher level assembly dependability analysis;

— conduct cost calculations (e.g. life-cycle costs);
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tablish objectives for reliability tests;

— plan logistic support strategies (e.g. spare parts and resources).

Failure rate prediction is often used in combination with other tools which can be used to
improve the process of prediction by making it more representative of reality by allowing
assembly structure and measures of importance to be introduced.

Failure rates to be used for spare parts provisioning and life-cycle costs calculation require
particular attention. For these activities, failure rates should include all causes, even design
errors, equipment and dependent (pattern) failures, to provide a realistic figure of what is
happening or will happen in field during the operation phase of the life cycle. See also

Annex+ (databaac).

C.2.2

Failur

physiqal failures occurring at random over time.

Assunptions of failure rate predictions are as follows:

— thg¢ prediction model assumes that a failure of any component, will lead to a failure

as

- co
be

— CO

— de
co

— fai

(g¢neral case) or for a given limited<period of interest (e.g. useful life). Although

kn
as

co
ad

Limita

— thgy cannot provide proof that a reliability goal has been achieved;

— du
co

— regulis are dependent on the trustworthiness of the source data;

Assumptions and limitations

e rate predictions are based on the following assumptions, resulting frem focuss

mponent failures are treated as independent of{each other; no distinction is
fween complete, partial and drift failures;

mponents are used within their specifications;

sign - and  manufacturing processes of “the components and assembly
nsideration are under control;

ure rates are assumed to be constant either for an unlimited period of opd
bwn to be realistic for some components for-the-majerity others it is not. HoweV
sumption greatly simplifies thestask;

prt from a few exceptions’the wear-out failure period is never reached by g
Mmponents; in the samel\way it is accepted, again apart from some exceptions, th
Hed risks of failure during the first few months of operation can be disregarded.

fions of failure rate’predictions are as follows:

e to the statistical nature of the information available, prediction works best fof
mponent and assembly counts;

ng on

of the

made

under
ration
this is
er the

lectric
at the

large

— the assumplion of constant component Tailure rates may nof always be frue; in such cases
this method may lead to incorrect results and other models may need to be used to

de
— fai

termine-end-of useful life-orlife-expectaney;

lure rate data-beeoks and stress models may not exist for new component types;

— stresses that are not considered may predominate and influence the failure rate.

Cc.23

Process for failure rate prediction

The process for reliability prediction using failure rates consists of the following steps:

a) Define and understand the assembly to be analysed:

obtain information on structure, such as functional and reliability block diagrams, if

available, in order to check if series assumption is valid;

obtain bill of materials-erpart-lists;
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— obtain component specifications or data sheets for all components used in cases
where parts stress analysis is to be carried out;

— obtain circuit diagrams and schematic diagrams if needed,;
— define the boundaries from the assembly specifications and schematic diagrams;

— identify the functions and specification of the assembly, in particular understanding
what a failure is.

b) When carrying out failure rate prediction at operating conditions, obtain information on
operating conditions for each component when different from stated reference conditions:

— identify the operating temperatures;

- dUtCIIII;IIU thc abtud: U:Cbtl;bd: btl TOooCS,
— | determine-eperating mission profiles if necessary;
— | identify relevant environmental stresses;
— | select the data source according to the guidance given in Annex H;
— | use the stress models as defined in 5.2;
— | sum up the component failure rates.
c) Dgcument the results, justification for choices and any assumptions made:

— | no guidance on presentation of results is given since many organizations defing their
own report structure or use those predefined in commereial software;

— | the justification process for the data sources “and methods used should be
documented;

— | any assumptions made should be listed so.that the validity of the prediction dan be
assessed.

c.24 Prediction models
c.2.4.4 General

The failure rate of the assembly .is)calculated by summing up the failure rates off each
compgnent in each category. This” applies under the assumption that a failure qf any
compgnent is assumed to lead\'to equipment failure otherwise known as a chain or [series
configpration.

The fgllowing models @ssume that the component failure rate under reference or opgrating
conditjons is constant., Justification for use of a constant failure rate assumption shopld be
given.| This may. take the form of analyses of likely failure mechanisms, related failure
distributions, etc.

C.24p Failure rate prediction at reference conditions-(Parts-count)

Predidtian_at reference conditions (nlcn called part count prpdir"rinn) allows a prnr‘lir"ri at a
very early stage in the design process and is therefore very useful for feasibility studies,
comparing design options and prioritizing analytic activities. Further it allows regulatory
authorities to evaluate a design for example for a SIL level (see IEC 61508) without detailed
knowledge of the design.

If the time to failure is exponentially distributed over the considered time interval then the
failure rate for-equipment an assembly in a series configuration under reference conditions is |
calculated as follows:
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n

Isret = Y (Aret); (C.1)

i=1

is the failure rate of an assembly under reference conditions;

is the component failure rate under reference conditions;

is the number of components.

The reference conditions adopted are typical for the majority of applications of components in

equip
the cdg

manufiacturers and the manufacturing process, etc.

C.2.4

Comp
opera
condif
failure
condif
vice v

The f4

where

/1ref

ent. It Is assume at the failure rate used under reference conditions i1s speq
mponent, i.e. it includes the effects of complexity, technology of the casing,™di

3 Failure rate prediction at operating conditions{Parts-stress_analysis)

bnents may not always operate under the reference conditions. In;such cases, th
ional conditions will result in failure rates different from those” given for refg
ons (also called part stress prediction). Therefore, models for, stress factors, by
rates under reference conditions can be converted to values applying for opsd
ons (actual ambient temperature and actual electrical siress on the components
brsa, may be needed.

ilure rate for assemblies under operating conditions’is calculated as follows:

n n

A = D (A) =D (Ares x 7y x 7 x 77, X 7 x 75 X 7ES);
i—1

i=1 i=

is the component failure rate under reference conditions;
is the voltage dependence factor;

is the current dependence factor;

is the temperature dependence factor;

is the environmental application factor;

is the switching rate dependence factor;

is the electrical stress dependence factor;

is_the number of components.

ific to
ferent

e real
rence
which
rating
), and

(C.2)

In Cla

en for

the nfactors and should be used for converting reference failure rates to field operational
failure rates. However, if more specific models are applicable for particular component types
then these models should be used and their usage justified and documented.

Conversion of failure rates is only possible within the specified functional limits of the
components.
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C.2.5 Other methods of reliability prediction

C.2.51 Similarity analysis

Similarity analysis includes the use of in-service equipment performance data to compare
newly designed equipment with predecessor equipment for predicting end item reliability when

the uses and stresses are similar. The method of similarity analysis is described in
IEC 62308.

C.2.5.2 Simulation

Simulation is an empirical approach to equipment modelling that can allow the building of
real-world models and attempt to use them to predict what is likely to happen to eqmpr}ent in

the fufure. The underlying techniques used in this process involve random sampling from
failure| distributions, and representation of equipment structure using such teChniques as
mathejmatical models, reaction kinetics models and empirical models. These teChniqued allow
the byilding of fairly realistic models of complex equipment that can be used“to undefstand
their fpilure behaviour under various operating conditions and predict what|the reliabil|ty will
be at some future time.

C.2.58 Testing

Failur¢ rate data can also be obtained from tests. It can bé{from testing of equipmgnt or
compagnents. Normally testing of equipment is carried out<by the equipment manufdcturer
while festing of components is usually carried out by the component manufacturer.

The tdst conditions will seldom be the same as the.reference conditions; often the test Wwill be
accelgrated, i.e. with increased stresses compared\to the reference conditions. In these|cases
the fallure rate information has to be transformed*to reference conditions using the equations
given [in Clauses 6 to 20. The failure rate should be estimated based on statistical models
such Jas, for example, the exponential distribution, the Weibull distribution, the normal
distribution or the lognormal distribution.

mahy cases no failures will occiit”during the test—inthat-case and the manufacturer will
ften state the failure rate.as;60 % upper confidence limit. —Hemea#e#te—ee#»pa;e—tms—dafea

[0
dbta-from-the fieldwhichadsoften-stated-as-50-% upper-confiden
data-from-the field-which-is-often-stated ou—re—HpPper—conRHaed

have {o-be transformed to 50 % upper confidence limit. When compa
300

data) goming from differeat\samples a guide can be found in IEC 60

When|reporting failure’rates based on test, the test conditions should be listed togethgr with
the stptistical estimation of the failure rates and any transformation from test conditipns to
reference conditions. The empirical factors used for this transformation should be justifigd.

Care s$hould be taken that the stress in an accelerated test does not introduce failure nodes
that afennot relevant for the use of the component. Iln

C.2.5.4 Physics of failure

Physics of failure (PoF) is an approach to reliability prediction modelling where the goal is to ‘
use physical principles with appropriate failure probability density distributions to design for
failure-free operation and/or specify reliability targets and to predict failure times for
components. It uses knowledge of root-cause failure processes in an attempt to identify the
"weakest link" of a design to ensure that the planned equipment life is exceeded by the
design. The approach can also be used for new components made from new materials,
technologies and processes if basic physical and stress information is available. This
methodology addresses the useful life of a product (see Annex F).
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C.2.6 Validity considerations of reliability models and predictions

To use any quantitative reliability prediction method it is necessary to be aware of its validity.
Like all engineering models, the failure rate models are approximations of reality, and are
based on the best field data that could be obtained for a wide variety of parts and equipment.
This data is then analysed and adapted, with many simplifying assumptions, to create usable
models. Then when a model is used, further assumptions for the design parameters such as
stress and temperature are made.

Thus a reliability prediction for equipment should not be treated as an absolute value for its
field failure rate. It is generally agreed that these predictions can be good when used for
relative_comparisons., such as comparing design alternatives, or comparing equipment. Note
also that reliability predictions do not account for unsuitable design decisions, substgndard
control for purchased parts, bad workmanship, poor product level quality, cpntrol,
essed field operation, etc.

Argunients for the reliability models and predictions, as given in this document) are as fqllows:

- of:rn reliance is placed on failure rate data gathered from,@)variety of s¢urces
representing average conditions, however the accuracy and validity of such data may be
questionable;

— fon new technology components, failure rate data may not e available for all compgnents
as|even the most recently published data is inevitably out.of date;

— while the failure rate models given may indicate that a“low failure rate can be acTieved
thrlough a reduction in a single stress, in practice other stresses may predominafe and
remder single stress reductions alone ineffective_in{achieving high reliability;

— th¢ methods provide only broad estimates of teliability;

— thg assumption of constant failure rate.during the useful life—peried of an item |is not
always valid but such an assumption provides suitable values for comparative analydis.

C.3 [Component considerations

C.3.1 Component model

In thi§ document a component is considered to consist of the actual component itself (e.g.
silicon die), the encapsulation (e.g. case) and connection points. How the connection [points
are atftached to the citcuit board, also called the attachment system (e.g. solder joinf), are
treatef separately in\Clause 14 and this means that failures in the attachment system ghould
be trepted as comporient failures when using this document.

It is pssumed—that any failure rate used under reference conditions is specific fo the
companent, ji.e. it includes the effect of component complexity, technology of the dasing,
depenidedee—on materials used, component construction, manufacturers and the
manufacturimg process; etc:

Care should be taken when using failure rate data from some data sources since some
sources include the attachment system in the component failure rates and some do not.

C.3.2 Components classification

Component identification is the most important element of any codification system because it
establishes a unique identification for every component. The identification consists of the
minimum data required to establish clearly the essential characteristics of the component, i.e.
those characteristics that give it a unique character and differentiate it from all others. A
number of component classification systems are briefly described in Annex I.

This document recommends the use of IEC 61360 (all parts) which provides a clear and
unambiguous definition of characteristic properties of all elements of electrotechnical
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equipment from basic components to subassemblies and full equipment. This document only
uses the component-related aspects of IEC 61360 (all parts). The component coding elements
of IEC 61360 (all parts) are described in Annex I.

C.4 General consideration about failure rate

C.41 General

The failure rate of an electric component depends on many influences, such as operating
phase, failure criterion, duration of stress, operating mode (continuous or intermittent),
ambient temperature and temperature cycling rate, humidity, electrical stress, cyclical
switchling rate, mechanical stress, air pressure and special stresses. It should be noted|that a
failure| rate value, without knowledge of the conditions under which it was observed-orig to be
expecfed, provides no real information. For this reason, the values of the relevant-fac{ors of
influence should always be given when stating a failure rate. It is possible to” state how the
failurel rate depends on some of these influences. This dependence applies\only within the
specifled limit values of the components.

Estimated values of the failure rates can be derived either from life\tests or from field data.
Thesel| estimated failure rates only apply under the conditions that'applied during the tgsts or
field gbservation. The rules according to which such estimates_are derived depend In the
statistjcal distribution function applying, i.e. whether "constant\failure rate period" (expomfential
distribution) or "early life and wear-out failure period" (for example, Weibull distribution)] exist.
If the [distribution over time of the failures is known, and,estimated values of the failune rate
have Peen calculated, the result should be interpreted.statistically.

The djmension of failure rates is the number of.failures per unit time—{(F7)-, but it is|worth
noting| that the time measure can be replaced by,cycles, number of operations, etc. depending
on thg component type. Generally componet failure rates are given in one of two stgndard

forms) either as number of failures per 10%h or in number of failures per109 h.n-thg-latter

case-the-acronym-FlT isoften-used-
C.4.2 General behaviour of the failure rate of components

The general behaviour of the-failure rate can be modelled by the Weibull distribution (see
IEC 61649:2008, Clause 8).°Its shape parameter, B, models three periods in the lifgcycle,
which|[can be-simply explained as follows:

a) Egrly life failurevperiod (8 < 1)

Fof some,components, at the start of the operating period, a higher failure nate is
sometimes-—observed which decreases with time. Early life failures occur due to
manufacturing processes and material weaknesses that do not result in failures in tests
performed before shipping.

There are a few components that will exhibit decreasing failure rate in use. This is usually
due to problems in the component manufacturing process as well as to handling problems
(ESD, mechanical damages, etc.). This document does not support prediction of these
component types and if early life failures are still to be expected for a component, the
beginning of the phase of constant failure rate should be specified.

This document assumes constant failure rates hence it is assumed that any early life
failures are removed by process control or by screening (see IEC 61163-2).

b) Constant failure rate period (8 = 1)

Here, as the term suggests, the failure rate is constant. In some cases this occurs
because competing failure rates produce an averaging effect that make it appear as if the
failure rate is constant when the underlying failure rates of the individual competing failure
modes are not.

Generally electric components operate in the constant failure rate phase (from end of
early life failure period to start of wear-out failure period) and are dealt with in this
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document. This behaviour can be most easily modelled by the exponential distribution and
procedures for verification of constant failure rate can be found in IEC 60605-6. For
components showing limited variations of the failure rate within the useful life, for example
electromechanical components showing wear-out, the assumption of constant failure rate
can be maintained by using the average failure rate during the useful life.

c) Wear-out failure period (8 > 1)

This period shows an increasing failure rate due to the dominating effects of wear-out,
ageing or fatigue (see also Annex F).

This document assumes that for-these most components the failure rate is averaged for
the time interval specified in the data sheet. Since this document only covers the useful
life—_of _the component it is important to know when the useful life ends for a given
component due to wear-out. Some suppliers define this point as where a)\¢ertain
pefcentage of failures have occurred (e.g. 10 %). Others define the end-of-life. as|being
when the failure rate has increased by a certain factor (e.g. failure rate doubled).

Thiis limitation to the useful life of the component is reasonable since forcthe vast mpjority
of |components, the wear-out failure period (during which failures take on a systg¢matic
chpracter) is far away from the periods of use (which can typically~hange from 3|to 20
yeprs).

Thlere are three cases in which the occurrence of wear-out faillores should be takgn into
acfount (the failure rate of which increases with time):

1)| For some families, if due care is not taken, the wear<ott’'mechanisms may give [ise to
systematic failures after too short a period of time(Cmetallization electro-migration in
active components, for example. This risk needs<¢o be eliminated by a good pfoduct
design, and it is important to ensure this byHgualification testing. In other wojrds, it
should not be taken into account for a «prediction, and should be eliminated by
qualification testing and by technical ewaluation, which are, therefore, of ¢ritical
importance.

2)| For some (very few) component families, the wear-out failure period is relatively|short.
For these families, this document:explains how to express the period for whigh the
failure rate can be considered\‘€onstant. This useful life is subject to influgncing
factors. Such families include(melays, aluminium capacitors (with non-solid electrplyte),
laser diodes, optocouplefs, power transistors in cyclic operation, connectorp and
switches and keyboards:;

3)| In some cases a component operates solely in the wear-out phase due to its phjysical
or chemical nature:. This group include chemically-based components, compdnents
where use is made of a physical degradation mechanism and nearly all comp¢nents
where there i§ a mechanical interaction. These component types will always belin the
wear-out phase and so the failure rate will always be increasing. This can offen be
confirmed‘by Weibull analysis of failure data (see IEC 61649 for details).

The time points which separate these operating periods cannot be determined exagtly. In
generdl terms the time dependence curve for any single component type could be signiffcantly
differernt. When interpreting reliability figures it is important to determine the physical reality of
failure modes and distributions.

For more details on these different phases refer to IEC 61649 and IEC 62308.

C.4.3 Expected values of failure rate

It is recommended to state failure rate data for components under environmental and
operating conditions close to the conditions in field use. This results in the most relevant
predictions. Therefore data from previous products and from field data from the organization
doing the analysis is preferred.

Values determined from a life test with a single sample — or the confidence limits derived from
it — often do not provide enough information. Therefore the resulting dispersions of the
predicted values for modules and equipment may be too great.
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Failure rate data, stated according to this document, should therefore be taken as statistical
"expected values" for operation under the given reference conditions for the time period given
and the total population, i.e. it is to be expected that in future use, under the conditions given,
the averages obtained will be the values cited.

C.4.4

Sources of variation in failure rates

A failure rate generated from collecting data on equipment will be dependent upon all the
circumstances under which the equipment operates. Consequently, the failure rate data
should only be used for predictions on equipment in which the circumstances are similar. if
the circumstances are different then the predicted failure rate will need to be adjusted.

Unfortlunately, the circumstances of a data collection are rarely adequately desgribed,

There

and s¢me assumptions that are not addressed in this document.

It is important to appreciate that a failure rate is not an intrinsic and immutable proper
piece
understand the factors that influence failure rate derivation and use.

Circumstances that can create variations in failure rates are:

Camponent detail

When collecting data, it is possible that information_that is important to the differen
of [failure rate is lost. This is often the case when-a.taxonomy or categorization is u
group component types.

Sulitability for service

S
th
m

itability for service is related to the quality of a component. When making a pre

gde for the particular situation andzestablish if the equipment represented by th

ore, any data will be based on some explicit assumptions, some implicit assumptions,

y of a

of equipment. An engineer involved either in collecting or usihg - data should fully

ftiation
sed to

diction

¢ analyst-shall should, wherever possible, try to assess the validity of the assumptions

e data

wds properly fabricated, used appropriate materials of construction, was properly

m
st

gndards.

Fajlure mode combinations

G

of |failure modes ugsed'to gather the failure data is the same as the definition of

m

qdes that are (being—predicted expected and is not a mix of different failure

definitions. This\is of particular importance when handbook data or failure data pr

by

th

¢n the oltcome of any prediction may not match the actual observed behaviour. S

and Annex*A for more details on failure modes.

M

ainténance

dintained, was operated within’ design conditions and was designed to apprqpriate

reat care therefore should be taken when using failure data to ensure that the deflinition

failure
mode
pvided

an external'source is used. If the types of failure mode definition cannot be identified,

ce 4.1

The maintenance strategy for equipment will significantly affect both the number and
severity of failures. An inadequate preventive maintenance programme will not prevent
failures, a cursory routine inspection programme may detect some potential failures, and a
full preventive maintenance programme may pick up potential failures as incipient failures
rather than-delaying waiting until they occur.


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

- 80 - IEC 61709:2017 RLV © IEC 2017

Annex D
(informative)

Considerations on mission profile

D.1 General

Mission profile is defined as the complex of conditions of use experienced by components
during their life.

The mission profile defines the required function and the environmental conditi as a
functign of time. This will vary according to the type of operation that is undertaken. This
operafion may be continuous over time at a fixed level, continuous over time variable
level ¢r sporadic over time at either a fixed level or a variable level. In some sé\ses swifch on

and s
condif]
how it

The nj
opera

The d
failure
theref
constad

Mechd

specif
canno

The ¢

ons. Careful consideration of the mission profile is needed in ord@j’g fully unde
affects the component reliability. Q
X

ission profile can be considered to be based on calendar ti or on the time of
ion or it can be cycle based (e.g. how many times an ite% used).
N\

rate. A (maximum) time period of stress over h failure rate was observed
bre always be included in a failure rate specifi@ n. This is the time in which the|
nt failure rate can be expected to occur. §

iration of stress (sum of rated operating times, an; rQn-operating times) can affd

nical stresses of components higheng;than those permitted by the comy
cation should be avoided by the ap&priate equipment design. If higher st

O
bnditions of use are usuall ?’E‘ferred to the assembly (equipment or system), th

vitch off could be significant and of more importance than the stead(yi/%ate operational

Fstand

actual

ct the
should
given

onent
esses

[ be avoided, they should be takgh into account when performing the equipment
reliabifity prediction. 4\

bn the

missign profile is typically defi&@ or the assembly (equipment or system) and conditigns for
compagnents are derived fromqt)
D.2 |Dormancy C)O®
Comppnents a %metimes not continuously stressed during the operating time pf the
assenjbly. Th can be breaks with no electrical stress during operating periods pf the
assenbly, indicated as dormancy. This can be taken into account by the stress factor for
missidn le, 7op -

N

When the only variation on component conditions is dormancy, the failure rate for intermittent
operation between an operating condition and a dormant condition is obtained using
Equation (D.1)

with

where

Aop
A

/10p =/1><7r0p

ﬂop:W+p><(1—W)

is the failure rate, when dormant conditions occur;

is the failure rate for the specific component:

(D.1)

(D.2)
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— for failure rate predictions at reference conditions, 4 = A

— and for failure rate predictions at operating conditions, the failure rate according to
the equation stated in 5.2.1 based on Equation (2);

7op is the operating stress factor;

w is the ratio of operating time of component with stress to operating time of assembly,
o<w<1,

P is a constant. This is the failure rate reduction factor from nominal operating conditions
to dormant conditions (no electrical stress applied) and takes into account that even
non-stressed components may fail, 0 < p<1; a typical assumption is p=0,1 when no

/alues are Known from experience. Q

D.3 | Mission profile ,\Qy

N
Somefimes during operation, a component is subjected to different stress le, which| imply
differgnt failure rates, since the failure rate depends on the stress. q

For eYample, if a component is in operation 24 hours a day then i 'N on average, fail more
often |n one year as the same component that is only in operati 2 hours a day, assjuming
that the operating conditions are similar. A failure rate p@on should consider|those
differgnt stress levels. By consideration of stress duration&q stress levels, the diffgrence
betwepn predicted failure rates and the observed failure 2<at@ can be kept low.

The agtual stresses occurring with alternating stress@vels can be combined into one njission
profilg. A mission profile states the actual duratig@f stress levels during a defined calendar
time, for example one day. Figure D.1 shows a& ible mission profile over one day.

Stresq levels refer to any of the applic@:a\'factors relevant to the specific compongnt, in
particlilar temperature and electrical st§\®, which directly influence component failure rate.

In Figyire D.1 any of the indicated\gééaal stress can be:

— anleduced operating temp@t(dre;

— aneduced electrical stgess (stand-by);

— anl reduced stress(ﬁcific for the considered component;
— di

fferent opere&&nvironment (different environmental application factor zg values|).

This documer(}%?wsiders temperature cycle (operating times at different temperatures)|in the
missign pro%, but in this context does not consider rapid temperature changes or humidity,
which|ar G)l: uded in the environmental application factor zg (see 5.2.5).

N
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Stress level

Full stress

Partial stress 1 -

Partial stress 2

Partial stress 3
Dormant T — T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
Hours
IEC
Figure D.1 — Mission profile
The fdilure rate for a mission profile, 4,5, as shown in Figure D.1 is the\weighted average of
the faijlure rates under different stress levels
1 N
Aas = < (tfﬂf D lpitpi +tdﬂd) (D.3)
1 +Zi=1tp’i +1g
with
A = px s (D.4)
where
t is the fraction of time with full (nomina.§tress;
Ip,i is the fraction of time with partial stress i;
tq is the fraction of time at dormanticonditions;
A is the failure rate at full (ngminal) stress;
ﬂp,,- is the failure rate at partjal stress i;
Ag is the failure rate _during dormancy;
Y] is the reductien_factor from operating conditions to dormant conditions (no elgctrical
stress applied); a typical assumption is p =0,1 if no other information is availablg;

N is the number of stress levels.
D.4 |Example of mission profile
The J o ~if- N a emblie i peaegegd a ne._n aVallaYallla) al no gn. ne embly

operates with an average daily operation time of 12 hours with full stress, six hours at partial
stress with reduced failure rate and six hours dormant.

The following failure rates were predicted:

~ 2400-107° h™! at full stress;
— 1400-10% h" at partial stress;
— 10 % of failure rate at full stress is assumed for dormant state (see D.2).

The failure rate for alternating stress is as follows:

1

L () P ) +tiﬂ,.)=i(12-2400+6-1400+6-o,1-2 400)-10°h"1=1610 -107° h”’
i +1p +1; 24

las
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E.1

Annex E
(informative)

Useful life models

General

Failure rates dealt with in this document are assumed to be constant either for an unlimited
period of operation (general case) or for limited periods. The limitation of useful life applies

which

ch as
5s the

only for some few component families, reaching the wear-out failure period (during
failurjs take on a systematic character) within normal period of use. A
For tHese families, Annex E gives useful life models taken from different so Qs‘ sU
those |listed in Annex H and in particular from IEC TR 62380, explaining ho expre
period for which the failure rate can be considered constant. This usef Qrfe is subject to
influencing factors and may be expressed either as a unit of time (nor, Lﬁry hours) o

number of cycles. /\Q

Such
alumirn

For th

with tIe intended duration of use. If not, room for m

canb
alumin
differs

The o
rate 4

E.2

The u
cycles

with A

ium capacitors (with non-solid electrolyte), relays, switc eyboards and conne

uvring is fairly restricted: st

reduced, or the component family can be ch (or the sub-family, for examp
ium capacitors with non-solid electrolyte th e are several types characteriz
nt qualification tests). O

ese component families, it is important to ensure §;a&1e useful life given is con
d

berating time should not exceed th &@ul life value since beyond this time, the

cannot be assumed to be constant@
O
Power transistors \{:\'
O

\
seful life of power trargl’stors under cycling mode is given by a maximum num
S. This number of cycles is limited to:

O S =107 x ¢ 20547

T as@ion temperature range.
O

families include power transistors in cyclic operation,;&@couplers laser diodes,

[ as a

ctors.

bistent
esses
e with
ed by

failure

ber of

(E.1)

E.3

E.3.1

-g(p/fOtouplers

Useful life L

Depending factors for the useful life of optocouplers are the

— junction temperature GJ- expressed by factor L ;

— input current /¢ (operating and test condition) expressed by xy and «»;

— tra

nsfer ratio m defined through final/initial transfer ratio expressed by x;

— cumulative failure ratio (in percent) expressed by 5.

The useful life of the optocoupler in hours is given by
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L =LyxkgXkqxKoXK3 (E.2)

E.3.2 Factor L

The factor I, which is a function of the junction temperature 6'j gives the useful life at

reference conditions:
— operating input current I = 50 mA (x5 = 1);

— transfer ratiom = 0,5 (g = 1);

— testinputcurrent 1. =1 mA (e = 1)
g T A4

— cumulative failure ratio 10 %

and can be expressed by the following equation '<\
S
4640 :
Lo =04xexp| ———— : )
0= R Xp(9j+273j S =9

or der|ved by the following graph

<
£ 107

106

105 ; 3 , : :
LN o B N
C)\\Q —1 [

-

Q 10 20 30 40 50 60 70 80 90 100 110 120
@’ Junction temperature 0;, °C

RS

NOTE széd.llded plastic optocouplers, the junction temperature is limited to 90 °C.

E.3.3 Factor x

The factor xy is giving the influence of the operating input current and is defined by

50
~ input current (operating, mA)

K0 (E.4)
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E.3.4 Factor x4

— 85 -

The factor x4 is a function of the selected o
transfer ratio where 10
Final transfer ratio \\
m =
Initial transfer ratio Y
and can be derived from the graph. 1 \\
\\
N
\\
N
0,1 A\
0 0,2 0,4 0,6 , 1
e
(19 IEC
%”
,\Q
N
E.3.5| Factor «, O@
The f4ctor x, is a function of the current /¢ ) \Q/
measyred at the transfer ratio (testing 10 N
conditjons) and can be derived from the Q ~ T
graph Y | LA
v . //
N . [ 1]
\S vl
® Jiz
RN -
(e) 1 10 100
$\ IF, mA
O IEC
&
E.3.6 Factor x5 C)O®
The fgqctor x5 de @’s on the cumulative o
failurg| ratio gi@'m percent as shown in the 10 : :
graph % /
< i
1
0,1

10

30 50 70 90 99
Cumulative failure ratio, %
IEC
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E.4 LED and LED modules

E.4.1 Useful life L
Depending factors for useful life of light emitting diode ™ modules are the
— junction temperature Hj expressed by factor Ly ;

— operating input current expressed by «g;
— optical power ratio m defined through final/initial optical power expressed by «y;

— measurement current /- expressed by Ko,

— cumulative failure ratio (in percent) expressed by 5. é
Useful| life of LED and LED modules in hours is given by '<\Q~
L=LOXKOXK1><K2><K3 qu/Q (E5)
E.4.2| FactorL, ,<\Q
The factor Ly which is a function of the junction temperature @gives the useful life [at the
follow|ng reference conditions: &\Q/
O
— opprating input current /g = 100 mA <§ =1);
— oplical power ratio m = 0,5: Q k1 =1);
— opfical power measuring current /. = 100 mAg\\§\ (rp =1);
— cufmulative failure ratio 10 % < Ky =1).
’ T e
and cgn be expressed by the following e%ﬁ*ions.
BN\
N
Diode type \O Factor L, expressed in hours
@b 1 1
Ly = 2,3¢ xexp| 7000 x| —————— E.6
4,85 um diodes | ° ap p( {aj 1273 343 D (E-6)
s
% 1 1
@*’LO =8,7-10% xexp| 7000 x| ———— ——— (E.7)
1,3 um dic§~ 6, +273 343
P (0,6 eV)

or can be derived by the following grapn.

1 According to IEC 62007.
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E.4.3

< A
- 108
o \\
107 \\ N
\ 1,3 um diodes
\ //
106 \ \
\ N
N 0,85 um diodes
104 .
0 20 40 60 80 100 120
Junction temperature 0;, °C
IEC
Factor x

The fgctor x gives the influence of the operating input curreit and is defined by

o — 100
0 operatinginput current«(mA)

E.4.4 Factor x4
The ffctor k1 is a function of theselected J
optical] power ratio where 10
_ final optical power
initial opticalpower
and cgn be derived ffom the graph. 1
0,1 -
0
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E.4.5 Factor «,

The factor x, is a function of the optical <A
power measuring current /r and can be 1
derived from the graph. p
Ppid
///
vl
LA
Pq
I
o1 W
1 10 /\\ 10
Q\ IFY mA
q‘.l/ IEC
,\Q
@'\
E.4.6 Factor «3 C)
The fqctor x5 depends on the cumulative < g\\<</
failure| ratio given in percent as shown in 10 — =
the graph. & -
O
QLY e
x\\
O
&) s
$\\S\ —
RN Z
O 0,1 >
(\}‘ 1 10 30 50 70 90 99
\\ Cumulative failure ratio,| %
) C) IEC
E.5 AIuminiu@non-solid electrolyte capacitors
The main i cing factor for useful life L of non-solid electrolyte aluminium capacitors|is the
capac to&/ perature 6¢ in °C.
N

NOTE Other factors as applied voltage and ripple current to life are disregarded at this stage.

Useful life in hours is given by

(9M+5—acj

L=01Dx2" ° (E.9)
where

QoTD is the qualification test duration in hours;

O is the maximum temperature of the climatic category in degrees Celsius;

Oc = Bampient +5  is the capacitor temperature in degrees Celsius.
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The “qualification test duration” depends on the technology type and can also be denoted as

“base

E.6

lifetime” of the capacitor.

Relays

According to IEC technical committee 94 (All-or-nothing electrical relays) there are no general
models for the useful life of relays.

Data on useful life can be obtained from data sheets or directly from manufacturers of the
component type or, if not available, suitable life tests should be performed according to
IEC 6840246484024 andEC648424-

E.7

Failur

Exam

E.8

Usefu
the sp

%.
S
Q

bles for useful life limitation are given in Table E.1. @

Table E.1 — Useful life limitations for switche{(a'nd keyboards

Type L}remitations

OQ (cycles)
Toggle and push button switches &e}ween 20 000 and 100 000
Rotary switches D\V 20 000
\
Keyboards Qi\ Between 500 000 and 1 000 000
¥
xO

life of connectors is Iim'{@
ecified value (or the va@p given by the manufacturer).

C)O® |
3 S
Q%

Connectors

NS

3

Y
Switches and keyboards ,\Q‘

N
b rate of switches and keyboards is assumed to be constant but only.W‘|/ in the sp
numbgr of switching cycles.

. The number of mating/unmating cycles should not €

pcified

xceed
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Annex F
(informative)

Physics of failure

F.1 General

The physics of failure (PoF) approach proactively incorporates reliability into the design
process by establishing a scientific basis for evaluating new materials, structures, and
electronics technologies. Information to plan tests and screens, and to determine electrical
and thlermal-mechanical stress margins are identified by the approach. A

reliability assessment and is an attempt to identify the "weakest link" of a d n to gnsure

Y%
The PloF approach encourages innovative, cost-effective design through the 9§§3f rgalistic
es
that the required equipment life and reliability is exceeded by the design. (19

The mpethodology generally ignores the issue of defects escaping }B&] the manufagturing
proce$s and assumes that product reliability is strictly governed e predicted life [of the
weakgst link. C)

At thg integrated circuit level for instance, example models\\address microcircuit die pttach
fatigu¢, bond wire flexure fatigue and die fatigue cracki .@he models are very complgx and
requirg detailed device geometry information and matgs properties. In general, the models
are mpst useful in the early stages of designing de\@ but not at the assembly levell when

flexibility no longer exists to change device design<§\

The PpF approach is not only a tool to allo ter and more effective designs but it gan be
an aid for cost-effective approaches for i ving the entire approach to building ele¢tronic
systems. However an understanding of t oF is necessary in applications which afford little
oppor{unity for testing, or for reliability.g}‘owth.
xO
Relialjility assessments based op\PoF methods incorporate reliability into the design pfocess
with the intention that the s meets the user requirements. Predicting the reliabl|lity of
electrgnics is a hard engineering task since there are too many factors, both controllabje and
unconIroIIable, which ca t'be readily identified, quantified, or combined into an all-indlusive
and de¢terministic equ . However, some progress has been made to simplify the prediction
procegs. For examp(e) software exists which will predict the fatigue life of solder |oints,
compgnent leads d plated through holes. This software is based on finite element analysis
(FEA)]and the r s of such complex FEA of assemblies have become an integral part|of the
design proc @ and provide a more comprehensive reliability prediction process thah was
availaple iC) past.

for failure-free operation and predict times for components now available, as well as new
components resulting from new materials, technologies and processes. The stress-margin
approach, using models based on PoF analysis is used as an alternative to standard stress
based approaches.

Much of the focus on PoF has been on the failure of integrated circuits and so a brief outline
of failure mechanisms as a basis for a PoF approach is given in F.2.

Failure mechanisms details and models for many other device types can be found in such
repositories as RIAC WARP.
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Failure mechanisms of integrated circuits

The end of life period of an integrated circuit is supposed to appear far beyond the utilization
period of the equipment. This assumption has to be assessed by a preliminary qualification.

The main observed failures in semiconductors are caused by thermomechanical constraints
applied to components mounted on PCBs. The failure rate related to the humidity is
insignificant (for active components, especially since the general use of nitride based
passivation). Furthermore, in these studied environments no defect related to mechanical
shocks or to vibrations or to chemical contamination has been observed. Consequently, these

failure

mechanisms have not been taken into account in the models.

The mjain failure mechanisms are listed in Table F.1.

&

Table F.1 — Failure mechanism for Integrated circuits r<\

Type Silicon technologies GaAs technologies ‘o{,\lﬁackages
Mecharlisms Electromigration Gate sink /\Maal fatigue
Oxides ageing Ohmic contact degradatior@\'—"urple plague
Hot electrons Gate and drain Iaggi%(.)
Charge gain and charge loss | Electromigration g\\
Thermal fatig )
Purple pI

The ir

soft efrors, when the function is fully retriQ(@le without outside intervention, for ex

provok

packape materials. This failure rate due

as the

For in
consid

the elgctrical environment of\the equipment, given that the equipment does have prim
seconfary protections, depending on the state of the art of the period observed. (F
purpoges of this docu
equipment to the out environment.)

\\‘<

tegrated circuit model used in this docunﬁ%#t does not include the failure rate

2 oft errors may be of the same order of mag
intrinsic failure rate, especially fQ{\ ynamic memories.

xO
erface circuits, the integrfgd circuit models used in this document include a failu
ered to be constant, duexte external electrical influences. This failure rate deper

ed by the creation of electron-holeég’hsby the passage of alpha particle emitted

, interface circuits are taken to be circuits or devices connecti

jue to
ample
by the
hitude

e rate
ds on
ary or
pr the
hg the
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Annex G
(informative)

Considerations for the design of a data base on failure rates

G.1 General

This document requires failure rates in order to be useful. These can be obfaigéd ffom a
numbgr of sources the most useful of which would be field usage data, the ‘second most
usefullwould be test related data, most probably obtained from the componentimanufactprers.

collection of-dependability reliability data, which is converted to inplt for the database, from
where| it can be retrieved by people or organizations in order to make failure rate calculations
on thg next higher level of aggregation.

The Hasic idea behind the information given in the following clauses is that theréI is a

G.2 | Data collection acquisition — collection process

Guidapce on data collection is given in IEC 60300-3-2:

G.3 | Which data to collect and how tocollect it

The uge of failure data drives the way it“should be collected. The final use should herce be
clearly defined before setting up the-data collection equipment as, once it is developed, it is
very difficult and costly to make changes because some information is missing, which is vital
for thg end-user.

The pfediction models are.not intended to describe the physical behaviour of the compgnents
or explain their failure-mechanisms, but to represent the best estimate based on obgerved
data. They seek to represent what happens to equipment in real field conditions in the sfeady-
state part of the life.cycCle.

When|the findl purpose for using failure models is to provide design objectives, data dqoming
from the field“should be suitably filtered in order to eliminate from the observed popullation
those |items’ that have not yet reached reliability maturity, i.e. items affected by equi‘F)ment

failurels \design errors, or infant mortality.

When analysing field data that has come from testing and repair in repair centres, a specific
topic to be carefully considered is diagnostics coverage. In fact, more than one component (or
even a large number) may be removed during repair, and the percentage “no fault found”
(NFF) may be above the generally accepted limit of around 20 %, which is considered to be
the minimum that is normally achievable.

On the other hand, if the result is aimed at spare parts dimensioning (logistics), either at
component or equipment level, other situations should be considered when deciding what
data to collect:

e no fault found (NFF);
e imperfect diagnostics;

e incorrect use of components that lead to systematic failures;
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maintenance not correctly performed and human errors;

external factors (electrical and environmental);

the learning curve of manufacturing processes;

the case where multiple components are removed to carry out a repair;

the case when a component failure causes the failure of other components.

G.4 Calculation and decision making

Failure rates in the database are derived from all or some of the reported information. Ideally

they &
accou

For dg
the te
are ng
the ra
no fai
detern
accou

For d{

While
they a

G.5

As an

Cq
a)
b)
Sp
a)
b)
Cd

a)

re determined from the fietd while also taking test results from external sourc
nt and then adapting these to the reference conditions.

ta obtained from the field, all failures should be included that can be reproduced

t important here (e.g. manufacturing fault of a component, stress, external effects
nge of the specified values). Experience shows that in some of the-rejected equi
lures can be found. These pieces of equipment should be 'not considered f
nination of the failure rate. It can be necessary for users to(take these NFF par
nt separately when planning spare-parts logistics.

ta obtained from test, the principles of IEC 60300-3-5-<should be followed.

confidence limits are of value for interval estimates of the data determined from

re not reasonable for expected values.

Data descriptions

hinimum any data base should cont&in information on the following.

mponent identification and specification data
Identification

Component technology

ecification of comfonent

Electrical specification of component
Environmghtal specification of component.
mponeiit field related data

Method of selection of monitored components

b)

Riefd conditions

Eting of the replaced equipment (e.g. subassemblies). The individual reasons for ftlures

s into

juring

within
ment
pr the
s into

tests,

c)

Data on failures during field operation

Component test related data

a)
b)

c)

Method of selection of test components
Test conditions

Data on failures during test

For a solely field failure database item 4 would be omitted, and for a test database item 3
would be omitted.

The following clauses outline the minimum recommended contents of these data items.
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G.6 Identification of components

G.6.1 General

The information supplied to identify the components should be in accordance with the relevant
IEC or internationally recognized management quality systems publications for the component
type under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be
given. Only information applicable to a particular component type should be supplied.

E L £ 1l H H H o ' H ol £ alifL i P | £ d H
Xampres—ortme—specicmrormaton—Teqgthired—roratrrerent—compotenttypes—an UCSJn n

IEC 61360-4.
Nl
G.6.2 Component identification /\

N
— A |description of the component type with sufficient details to un %Iy identify the
component type, for example N-channel V-MOS transistor. When a ’iﬂrble, specification
numbers should be given. Q

— Thle component part number. If available, a universal part r@ber, for example| stock
number, should be given; otherwise a part number specific to@w component manufdcturer
mgy be given.

— Ngme of the manufacturer and place of manufacture. T, \purpose of these references is
to pllow access to more detailed information if required.

— Thle date of manufacture or lot number or othe? duction batch related identifi¢ation.
Thiis information will allow access to other cow nents that were produced at the|same
time as the sample should a problem arise. s\\)

— The production status of the compo&@, for example development sample| pre-
preduction, standard production, maturg hnology.

— Infprmation regarding compliance -
i A\
wHenever possible.

xO

other recognized standards should be |given

G.6.3 Component technolq

— A dlescription of the basic@%ponent technology, for example metal film resistor.
— A general description@(’the production process, for example ion beam epitaxy.
— Pdckaging informa, for example plastic, hermetic weld.

— Thermal resistance; for example Rthj-a, Rthj-c.

— Cdmplexity Q@ rcuit.

— Mgdgthod rmination, for example endcaps, DIL, SMD.

G.7 %écification of components

G.71 General

The information supplied to specify the components should be in accordance with the relevant
IEC or internationally recognized management quality systems publications for the component
type under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be
given.

G.7.2 Electrical specification of components

— Relevant information about ratings and characteristics should be supplied. These
references taken from the applicable component specifications will depend on the type of
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test performed. For example, if power cycling tests are performed then the ratings for
power dissipation should be given.

— Information should be given about any pre-test screening the components to be tested
may have undergone. The results of such screening should be given.

G.7.3 Environmental specification of components
Information should be given regarding the maximum environmental conditions the

components can withstand, for example temperature, humidity, acceleration.

G.8 Field related issues data

3
G.8.1 General \V,
o

The fleld environmental conditions should be those described in the relevant IEC or
internationally recognized management quality systems publications for ;@components in
operafion whenever possible. If IEC or internationally recognized imagement quality
systems publications are not available, then other specifications s be used and the
source of the specifications stated. The following minimum informatti hould be suppligd.

©

G.8.2| Actual field conditions O

— Thle source of the results, for example the qualit&\§ssurance department ¢f the
mgnufacturer.

— A |description of the field conditions used, for ple the electrical, mechanicgl and
enyironmental conditions. The field conditions Id be identified by quoting the relevant
IEC or other test specifications where possibl

— The number of components exposed to_(he field conditions. Where a componkent is
avpilable in a number of different valu for example resistors, capacitors, the values
présent and the quantity of each valuexs\lould be stated.

— A Hescription of the characteristic m\easured, for example resistance, and the meapguring
cophditions. Where the mea ment conditions are specified by IEC or | other
spgcifications, then the speciﬁQanon number should be given.

.

— If nore than one method \cczﬁaracteristic measurement is permissible then a descfiption
of the method used shouldbe given. This description should contain all relevant detdils.

.

— Thle operation start , duration and measurement intervals should be stated.

G.8.3 Data on field failures

— Thie numbe failures observed, categorized by environmental conditions and type of
failure m should be stated with percentage occurrence. Identified failure mechgnisms
sh uId&tated with their associated activation energies and temperature ranges.

- Th {@es at which the failures occurred or were verified.

— Special events during operation, for example events which might have affected the results.

— Complete data from operation should be presented whenever possible but if data from
operations are discarded, these data and the reasons why they are not given in the
presentation or results, should be given separately.

— Failure criteria for the components (for degradation failures as well as for catastrophic
failures), are normally defined by the requirements given by the specification to which
reference is made in the field report. If failure criteria for the components are not given by
the reference specification, they should be stated.

— Failure rate which can be assumed to be constant.

— The operating time of components during which the failure rate is assumed to be constant
should be indicated (i.e. useful life). Failure rates found will preferably be stated in failures

per 10% h of operation. The value of 60 % is often used as the upper confidence level for
failure rates.
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ilure rate which cannot be assumed to be constant.

The operating test time can be divided into a number of separate periods and the
results for each of these periods evaluated separately. The necessary time periods
which have to be distinguished and the number of failures which occur during each
time period should be given. If the results can be satisfactorily approximated by a
mathematical function, it would be useful to present these functions, as well as the
period during which they are applicable. In all cases, mean lifetime, failure distribution
and the influence of derating should be stated. For life-limited components, an
appropriate model should be suggested.

luence of stresses.

As—failure—+rates—atre—dependenton-the pe—and-theintensity of stress—3 aHure rate
data should be presented with the applied stress levels. Furthermore, it&: n be
important to know the correlation between failure rate and stress (temper@a power,
vibration, etc.) and, where possible, the activation energy of the failu.ﬁzS echlanism
should be supplied. Therefore, failure rate values obtained at different ‘stress [levels

should be supplied separately. (1/
. QOJ'

G.9 |Test related issues data '<\
G.9.1| General O
The test and sampling conditions should be those de&g\bed in the relevant IEC or
interngtionally recognized management quality syste Qublications for the compg¢nents
under| test whenever possible. If IEC or internatioé?y recognized management quality
systems publications are not available, then other t pecifications should be used apd the
sourcg of the specifications stated. The following r@l\imum information should be suppligd.
G.9.2 Actual test conditions \sg\g
— Thle source of the results, for exa@iple the quality assurance department ¢f the

md

- A
en
IE

- Th
dif

nufacturer.
4\

description of the test cond@ns used, for example the electrical, mechanicgl and
vironmental conditions. Th st conditions should be identified by quoting the refevant
C or other test specifica@k{@ where possible.

e number of compone under test. Where a component is available in a numfper of
ferent values, for mple resistors, capacitors, the values tested and the quartity of
ch value should B€)stated.

Hescription he characteristic measured, for example resistance, and the meafuring
hditions. re the measurement conditions are specified by IEC or |other
ecificati then the specification number should be given.

- Th

or N%n one method of characteristic measurement is permissible then a descfiption
hggéthod used should be given. This description should contain all relevant detdils.

— Where a delay exists between the cessation of the test and the commencement of
measurements, then the time duration should be stated. The storage conditions during this

de

lay should also be stated. Any conditioning stress applied to the components before

measurement should also be stated.

G.9.3
- Th

Data on test failures
e number of failures observed, categorized by test conditions and type of failure modes

should be stated with percentage occurrence. ldentified failure mechanisms should be
stated with their associated activation energies and temperature ranges.

- Th

e times at which the failures occurred or were verified.

— Special events during testing, for example events which might have affected the results.
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— Complete data from tests should be presented whenever possible but if data from tests
are discarded, these data and the reasons why they are not given in the presentation or
results, should be given separately.

— Failure criteria for the components (for degradation failures as well as for catastrophic
failures), are normally defined by the requirements given by the specification to which
reference is made in the test report. If failure criteria for the components are not given by
the reference specification, they should be stated.

- Fa

ilure rate which can be assumed to be constant.

The test time of components during which the failure rate is assumed to be co

nstant

should be indicated (i.e. useful life). Failure rates found will preferably be stated in

upper

— Inf

G.10

Table

failures per 109 h of npnrqfinn The value of 60 9% is often used as the
confidence level for failure rates. Q
flure rate which cannot be assumed to be constant. Qy

The total test time can be divided into a number of separate periods and the resy

Its for

each of these periods evaluated separately. The necessary time pe?@ which hpve to

be distinguished and the number of failures which occur duripg €ach time
should be given. If the results can be satisfactorily approxim by a mathen
function, it would be useful to present these functions, as well as the period
which they are applicable. In all cases, mean lifetime, fﬁDure distribution arn
influence of derating should be stated. For Iife-limite&/@mponents, an apprd
model should be suggested. A\
S

As failure rates are dependent on the type a ée intensity of stress, all failung
data should be presented with the appli stress levels. Furthermore, it c
important to know the correlation betwee@
vibration, etc.) and, where possible, th
should be supplied. Therefore, failu({?é
should be supplied separately. $

&

uence of stresses.

ctivation energy of the failure mech
te values obtained at different stress

\
Failure rate database attr% es
R\

G.1 describes some of thf\éjftributes of a database suitable for reliability predictio

beriod
hatical
Juring
d the
priate

e rate
an be

ure rate and stress (temperature, power,

anism
levels

=
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Table G.1 — Reliability prediction database attributes

Categories of information

Detailed information

Purpose

Component identification

Manufacturer
Part No
Link to datasheet

To filter for component, product line
and manufacturer

Component categorization

Component main category
Technology

Complexity

Mechanical size

Housing

Thermal considerations

To filter for similar items.

compttance 1SSues
— standards
— certificates

Manufacturing specific information
like hazardous substance issues,
packaging, lot sizes, tests performed
during manufacturing, etc.

To filter for parts which fulfil fertain
regulative requirements,

To allow for checking agains
manufacturing {Ssues, which [could
be rejection criteria.

Usage ¢ategorization

Function/Purpose

Environmental conditions

To filter fon Specific types of
application of the part, which|cause
a cértain set of electrical strgss.

(Referepce) Failure rate

To/state the failure rate applicable
to the reference conditions gfven.

(Referepce) Conditions

To state the conditions appli¢able to
the reference failure rate givén.

Stress nodel

n-factors applicable and their
mathematical combinatien

To determine how to convertffailure
rates from reference conditiohs to
application operating conditigns.

InformIon related to elements of
the streiss model

Parameters, formulae or tables
necessary to determine the value of
the relevant g+factor

To determine the values for the =n-
factors.

Data cdnsidered for calculation of
the failgre rate or reference to the
detaileq calculation

Reference to detailed calculation.

Component hours

To retrieve the full story.

To estimate the relevance and
credibility of the data.

Confidgnce interval (if any)

Data such as upper, lower limit,
probabilities

To estimate the accuracy of fhe
failure rate given.

Further|information concerning the
data foqming the basis for the-failure
rate

Age of data

Component hours

Failures

Confidence limit and related data

Originafjor information

Originator of the calculation
Date of issue
Date of storage in database

To ensure traceability.
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H.1

Annex H
(informative)

Potential sources of failure rate data and methods of selection

General

When performing reliability prediction, it is advisable to use current reliable sources of field
data whenever they are available and applicable as long as they are valid for the equipment.

Annex

H gives some guidance on how to select appropriate sources.

H.2

Data {
— us
—  m3
— ha

If use
then

Data source selection

hould be obtained from the following sources in the given order of preference:

br data;
nufacturer's data;
hdbook data.

he manufacturer’s data should be examined and{if judged suitable, used.

manuflacturer’s data is available then handbook data or-0ther data should be examined

judgeq

If no
neces
to usé

particlilar component under considerationi-Risk—assessment-technigues—are—describ4

examyf

In all
neces

suitable, used.

5ity tasks for obtaining further data, for.example by a reliability test programme, w
expert judgement or whether to accept the fact that data is not available f

e R

cases however, in order to\ensure that-any work-perfermed is technically correg
sary to present justification for the choices made while the work is performed.

data is available for the prediction then it should be wsed. If no user data is available

If no
and, if

Hata source can be found, a risk assessment should be performed to determipe the

hether
br the
td—for

t, it is
It is

normally necessary to justify~the use of reliability prediction as a valid reliability technique

beforg
techni

justifying the actual method and data sources used. In order to justify the use
gue, in this casereliability prediction, there are a number of considerations that n

jus
- if
sh

be mTe
— if feliability prediction is the only way to perform the task or generate information th

tification should say why this is the only way;

eliability prediction is not the only way, yet it is the best way, then the justif
buld say why this is the best way;

of the
bed to

bn the

cation

- if

ellaDIlty prediction 1S not the only way nor the Desl way thnen the Justirication

specify why it is being used.

hould

Once reliability prediction is justified then the actual prediction methodology (parts count or
parts stress or some hybrid) should be justified. This is carried out in the same manner as the
justification for prediction:

— if method “X” is the only way to perform the prediction then the justification should say why
this is the only way;

— if method “X” is not the only way to perform the prediction, yet it is the best way, then the
justification should say why this is the best way;

— if method “X” is not the only way nor the best way then the justification should specify why
it is being used.
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Once the methodology is justified, the data sources used as input data should be justified.
This is done in the same manner as above.

The justification should be recorded so that the decisions made during the process can be
defended at some later date. The justification information can be used along with the results
of a prediction as part of any-—reliability dependability case (as defined, for example,—by
DEF00-42-3 in IEC 62741).

H.3 User data

hat which b izati i iction for
pose of derivi

hed in
ssons

e with
should

failurgls, and analysis techniques. Data required to quantify th€ prediction model is obtained
from dources such as-cempany warranty records, customer ‘maintenance records, component
suppliers, or expert elicitation from design or field servige engineers. If field failure ratg data
has bg¢en collected then the conditions (environmentaland functional stresses) for which the
valueq are valid should also be stated.

For tgst data the following should be reviewgd" tests and tests conditions applied fo the
companents, lot sampling, number of lots, manhufacturing, testing period, and failure anglysis.
When| using failure rates that have been determined under laboratory test conditions a
distingtion should be made in the way in_which failure rates are obtained, since in most ¢ases,
the fallure criteria applicable to the testiare not directly transferable to field applications|and it
is therlefore advisable to use field data wherever it is available and applicable.

The fgilure rates stated should be understood as expected values for the stated time interval
and the entirety of lots, and thiey should be operated under the stated conditions, i.e. |t is to
be expected that in future\use under the given conditions the stated values will, on avgrage,
be oQtained. Confidefice limits for expected values of components are not reas¢nable
becauge they only apply for estimated failure rates based on life tests.

H.4 | Manufacturer’s data

Manuf'acturer’s data is that which is supplied by the manufacturer based on test§ of a
particiHarecempenent

If manufacturer’'s data is available, check whether data is collected and presented in
accordance with applicable standards and a detailed review of data collection and analysis
processes should be made. IEC 60300-3-2 and IEC 60300-3-5 are available guides to these
processes.

For manufacturer's data the following should be reviewed: tests and tests conditions applied
to the components, lot sampling, number of lots, manufacturing and testing period, and failure
analysis.

If a manufacturer's stated values originate from accelerated tests with high stresses and have
been converted to normal levels of stress for a long period through undifferentiated use of
conversion factors, they may deviate from the values observed in operation. Due to the
different procedures used to determine failure rates by the manufacturer (e.g. worst case
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tolerance) and by the user (e.g. function maintained despite parameter changes, fault
propagation law), more favourable values may be obtained.

H.5 Handbook reliability data

H.5.1 General

Failure rate data of components are published in several-well-knoewn reliability handbooks.
Usually the data published is component data obtained from equipment in specific
applications, for example telephone exchanges. In some cases the source of the data is
unspecified and may not be obtained from field data. Due to this reason, failure rate
predictions often differ significantly from field observations and can often lead to misl¢ading
conclysions.

Table [H.2 provides information to the user concerning data sources for component failufe rate
determination. This list is not comprehensive and not necessarily maintained up to datg, and
is notlintended to give a preference for sources. It remains up to the userto"determine|which
data qource is relevant for their application. Note that there are a nuniber of handbooks and
standards that describe reliability prediction, but only those that contain data are listed here.
This ihformation is given for the convenience of users of this@ocument and dogs not
constifute an endorsement by the IEC.

H.5.2 Using handbook data with this document
The fdllowing steps are recommended:

Step (1) Select an appropriate handbook (see H.5,3);

Step (R) Define reference conditions, for e®ample those stated in this documen} (see
Clauses 6 to 20);

Step (B) Determine the failure rate withdfrese conditions.

Example:

For g4 general-purpose transistor, the failure rate at reference conditions should be
determined. Results are given-ih Table H.1.

Step (1) Select a Handbook, e.g. MIL-HDBK-217F, 1995 (it serves here only as an example)
Step (R) Define referénce conditions (see 7.1)

Reference junction temperature: 6, =55°C,

Veltage ratio: Ues/Urat =05 (Ures is 50 % of rated voltage)

Step (B)\ Petermine failure rate at reference conditions

L £ MNALL LDl 4740060 O AS AR
\C.H. IMUTTT IVITLTTTUDINTZ 1TT7TT . TYJJ, UiIdUOU U.U}

ﬂp:ﬂbX”T X IR X TG X TQ X 7TE

A =018-107%h"

6. =55°C
7t =19 for ref

7R =043 for rated power < 0,1 W
g =021 for Vg = Uref/Urat =05
TQ = 1, TTE =1

Jref = Ap =018-107° hx19x043x021x1x1~309 107 h™!



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

-102 -

IEC 61709:2017 RLV © IEC 2017

Table H.1 — Result of calculation for transistors common, low frequency

7
Component orgf Uref /Urat Aref

Bipolar, universal -9 -1
e.g. TO18, TO92, SOT(D)(3)23 or similar 59 30.9-10°"h
Transistor arrays 55
Bipolar, low power 85
e.g. TO5, TO39, SOT223, SO8, SMA-SMC
Bipolar, power 100 0,5
e.g. TO3, TO220, D(D)-Pack
FET junction 99

MOS 55
MOS power (SIPMOS) 100
e.g. TO3, TO220, D(D)-Pack

H.5.3 List of available handbooks

Table H.2 — Sources of reliability data (in alphabetical order)

Data source

SHort description

1. AT8T Reliability manual

Klingef, David J.,Yoshinao Nakada, and Maria A.
Mener|dez, Editors, AT&T Reliability Manual, Van
Nostrand Reinhold, 1990, ISBN:0442318480

The AT&T reliability manual outlines prediction models
and contains component failure data. The main
prediction models include a decreasing hazard rate
modelfor early life failures, which is modelled us|ng
Weijbull data, and a steady- state hazard rate moflel
using constant failure rate data. In this respect thie
handbook is unique.

oo

e-computerprntouto e: Ee e6tro eFeIa_ta N
Soct] Eai e

2. Predliction of component failure rates for PSA on
nuclegr power plants 1982-1997

Availaple as a paper:

“Predi¢tion of component fdilure rates for PSA on
nucledr power plants 1982-1997”. Author; KIRIMOTO
YOSH|HIRO (Cent. Res. Inst. of Electr. Power Ind.,
Nucl. [nf. Center) MATSUZAKI AKIHIRO(Cent. Res.
Inst. of Electr. Power-ind., Nucl. Inf. Center) SASAKI
ATSU$HI(Cent.(Res. Inst. of Electr. Power Ind., Nucl.
Inf. Cgnter) Journal title; Denryoku Chuo Kenkyujo
Genshjryoku Joho Senta Hokoku

Journgl Cade:L2958A

This document describes the revised component failure
rate calculated by re-prediction on 49 Japanese l|ght
water reactors from 1982 to 1997.

VOL.;NQP00001:-PAGE 104P(2001)

3. FIDES

Available on the internet

FIDES is a reliability data handbook developed by a
consortium of French industry under the supervision of
the French Department of Defense (DGA).

The FIDES methodology is based on physics of failures
and is supported by the analysis of test data, field
returns and existing modelling

4. Guidelines for process equipment reliability data —
With data tables

Available from Center for Chemical Process
Safety/AIChE ISBN: 978-0-8169-0422-8 Electronic
ISBN: 978-1-59124-568-1.

These guidelines were written to provide process
safety practitioners and their managers with the
information required to estimate statistical failure rates
for pumps, valves, heat exchangers, instruments and
other chemical process equipment. The failure rates
are essential for making a chemical process risk
analysis to predict the risk of various process and
facility scenarios.
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Data source

Short description

5. HRD5: British Telecom Handbook of reliability data

This method is available in a number of commercial
reliability software packages.

HRD5 is a reliability standard developed by British
Telecommunications plc that also provides models for
a wide range of components. In general, HRD5 is
similar to CNET 93, but provides simpler models and
requires fewer data parameters for analysis.

6. IEEE-Geld-book 493-2007

Available from IEEE Customer Service

The IEEE-Geld book with recommended practice for
the design of reliable, industrial and commercial power
equipment provides data concerning equipment
reliability used in industrial and commercial power
distribution equipment.

7. IRPH 2003: Italtel Reliability prediction Handbook

The lItaltel prediction handbook was first published in

100972 ac thao rocult of collaboration omnonao oy,
T e S—te—+ oo+ rrae-oaHeR—aeRg+hah

Availaple from ltaltel spa - Italy

J
European organizations and companies, in particplar a

study group involving British Telecom, ltaltel and
CNET.

The result of these studies lead to the publication of
three virtually identical Handbooks(by CNET (ROF 93),
Italtel (IRPH 93) and British Teleéom”(HRD 5). IRPH
2003 adopts the failure rate m@dels of IEC 61709
(1996), with some simplifications to make them epsier
to use. Reference failure rates are mainly deriveq from
field data and based on(a\collaboration with Siemnfens.

8. MHp17 HDBK-217 Plus

Availaple on the internet

Reliability Information_Analysis Center (RIAC)
replacement prediction methodology for MIL-HDBK-217

9. MILIHDBK-217

MIL-HPBK-217F Reliability prediction of electronic
equipment

Availaple on the internet

MIL-HDBK-2175'Reliability prediction of electroni
equipment,‘has been the mainstay of reliability

predictions’for about 40 years-butit-has-netbeen
4pdaiel since 1995,-and e[trt' o-currentt & oW '}et 8
e

10. NHRDB-95 NPRD 2016

Availaple on the internet

NPRD-95 NPRD 2016 data provides failure ratesffor a
wide variety of items, including mechanical and efectro-
mechanical parts and assembilies.

The document provides detailed failure rate data|on
over 25 000 parts for numerous part categories
grouped by environment and quality level.

11. N§WEC-94/L07 NSWC-11 Handbeok-of reliability
prediction procedures for mechanic¢aljequipment.

Availaple on the internet

This handbook, developed by the Naval Surface
Warfare Center — Carderock Division provides faijure
rate models for fundamental classes of mechanicpl

components.

12. Offshore and onshorg-reliability data (OREDA)

Availaple from Oreda

The handbooks contain reliability data from offshpre
equipment compiled in a form that can easily be §ised
for various safety, reliability and maintenance anglysis.

13. UT|E C80-810
Availaple froffitAFNOR

This handbook is known as UTE C80-810 Reliabii
data handbook. This handbook covers most of thg
same components as MIL-HDBK-217. This handfook
was originally named RDF.

—

y

14 PRICWA /(DA J LDDMON
4 O Yo T ETT

T RAC (L DDMN ] L i '3 Laolilit dat
ey \L—LEma = tFofe—PartSTFeraoity—aate

) ;
used to-support the MIL-HDBK-217,-and is supported
by-a software tool marketed under the name of PRISM

14. Reliability data for safety instrumented equipment
PDS data handbook, 2006 Edition

Available on the internet

Reliability data dossiers for field devices (sensors,
valves) and control logic (electronics) are presented,
including data for subsea equipment.
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Data source

Short description

15. Failure Mode/Mechanism Distributions FMD-2016

FMD-2016 Databook contains field failure mode and
mechanism distribution data on a variety of electrical,

Availapfeomthemtermnet

mechanical, and electromechanical parts and
assemblies.

16. Saffety Equipment Reliability Handbook —2"¢ 4th
Edition

Availaple from ISA (International Society of
Automption)

This publication contains‘information on failure rdtes,
failure mode distributiens, diagnostic detection
capability, and common cause susceptibility. Thig
handbook was.Created to supply that information|in a
format spegific-to safety integrity verification. Thq data
is formatted\such that it can be directly used in s@fety
verifications and to allow for easy comparison of
equipment items or designs.

17. Sigmens SN 29500

Availaple from Siemens AG
Corpofgate Technology

The Siemens SN 29500 failure rates of components
and expected values method was developed by
Siemens AG for use of Siemens and Siemens
associates as a uniform basis for reliability predigtion.
SN 29500 is based on IEC 61709 and states fail4re
rates under reference conditions as described in this
document.

Phone}-315-351-4200

18. THLCORDIA SR-332

This nmethod’ishvavailable in a number of commercial
reliability{softivare packages.

The SR-332, Reliability prediction procedure for
electronic equipment, documents the recommended
methods for predicting device and unit hardware
reliability.

19. Various software

Many pieces of reliability software contain reliability
data. In many cases this is data taken from one of the
above sources but in some cases the data is unique to
the software.
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Annex |
(informative)

Overview of component classification

1.1 General

Component identification is the most important element of any codification system because it
establishes a unique identification for every item of supply. The identification consists of the
minimum data required to establish clearly the essential characteristics of the item, i.e. those
charag¢ieristics that give 1t a unique character and differentiate It from all others. Annex | gives
a brief overview of the generic component description standards which may be encour|tered.
Unfortunately it is not possible to give a translation table between these descriptions apd the
one used in this document.

This document recommends the use of the IEC 61360 standards to define the component
type. [This component tree is described in Table 1.1 and will allow users of the IEC 61360
descriptions to find component models easily in this document.

1.2 The IEC 61360 system

This document provides a basis for the clear and unambiguous definition of characferistic
properties (data element types) of all elements of_gléctrotechnical equipment from| basic
companents to subassemblies and full equipment. Although originally conceived in the context
of proyiding a basis for the exchange of informationon electric components, it may be used in
areas |outside the original conception such as assemblies of components and electrotedhnical
equipment and sub-equipment.

It proyides for establishing a classification hierarchy and the allocation of applicable and
relevant properties to each of the classes so established in order to describe fully the
charaatteristics of objects belonging“te’ that class and hence it facilitates the exchange df data
descriping electrotechnical equipment through a defined structure in order for the information
to be ¢xchanged in a computerssensible form.

The part of IEC 61360_that is of interest is IEC 61360-4 which provides the IEC refgrence
collection of classes-and associated characteristic properties for electric componen{s and
materfals used in glectrotechnical equipment. Table |.1 contains the classification tree for
IEC 61360-4 cross-referenced against the relevant clause in this document. In cases where
no su¢h data exists in this document, the clause is noted as “N/A” (not available). Wherfe this
docunjent contains lower level detail in terms of component types than in IEC 61360-4, then
the clause{ will have “+” noted beside it.

In Table 1.1 below, the headings L1 to L5 represent the descriptive level tags given in
IEC 61360-4:2005. Each level tag adds another layer of description to the component type.
Note that for completeness each of these descriptions—shall should have the terms
“IECREF:CO:EE” for “IEC reference collection, Components, Electric-Electronic” or
“IECREF:CO:EM” for “IEC reference collection, Components, Electromechanical” placed in
front of it. Hence the full code for a “fixed air capacitor” would be
“IECREF:CO:EE:CAP:FIX:AIR”.

Note also that only the component categories are listed in Table 1.1, the geometric data has
been omitted.


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

- 106 — IEC 61709:2017 RLV © IEC 2017

Table 1.1 — Classification tree (IEC 61360-4)

Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 | L4 | L5
ELECTRIC COMPONENTS
Amplifier AMP 6+
Amplifier, low frequency AMP LF 6+
Amplifier, low frequency AMP LF PWA 6+
power
Amplifier, low frequency AMP LF VTA 6+
voltage
Amplifigr, low frequency AMP LF VTA DFA 6%
voltage|differential
Amplifigr, low frequency AMP LF VTA DFA ACA 6+
voltage|differential AC-
coupled
Amplifigr, low frequency AMP LF VTA DFA OPA 6+
voltage|differential DC-
coupled
Amplifigr, low frequency AMP LF VTA SSA 6+
voltage|single sided
Amplifigr, radio frequency AMP RF 6+
Amplifigr, wide band AMP WB 6+
Antenna ANT N/A
Antenna, capacitive (whip) ANT CAP N/A
Antenna, inductive ANY IND N/A
(ferrocqptor)
Antenna, resistive (tuned ANY RES N/A
dipole)
Battery BAT N/A
Battery| primary BAT PRI N/A
Battery| secondary BAT SEC N/A
Capacifor CAP 9+
Capacifor, fixed CAP FIX 9+
Capacifor, fixed air CAP FIX AIR 9+
Capacifor, fixed ceramic CAP FIX CER o+
Capacifor, fixed ceramic, CAP FIX CER cL1 9+
class 1
Capacifor, fixed ceramie, CAP FIX CER CL2 9+
class 2
Capacifor, fixed;-electrolytic CAP FIX ELC 9+
Capacifor{fixed electrolytic CAP FIX ELC STAN 9+
with solid\tantalum electrolyte
Capacitor, fixed electrolytic CAP FIX ELC NTAN 9+
with non-solid tantalum
electrolyte
Capacitor, fixed electrolytic CAP FIX ELC SAL 9+
with solid aluminium
electrolyte
Capacitor, fixed electrolytic CAP FIX ELC NAL 9+
with non-solid aluminium
electrolyte
Capacitor, fixed, film CAP FIX FLM 9+
Capacitor, fixed, glass CAP FIX GLS 9+
Capacitor, fixed, mica CAP FIX MIC 9+
Capacitor, fixed, multilayer CAP FIX MLAY 9+
Capacitor, fixed, paper CAP FIX PAP 9+
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Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5
Capacitor, variable CAP VAR 9+
Conductor CND N/A
Conductor, bare CND BAR N/A
Conductor, insulated CND INS N/A
Conductor, insulated, cable CND INS CBL N/A
Conductor, insulated, cable, CND INS CBL POW N/A
power
Conductor, insulated, cable, CND INS CBL SIG N/A
signal
Condudtor, insulated, cable, CND INS CBL SIG LF N7A]
signal, low frequency
Condudtor, insulated, cable CND INS CBL SIG HF N/A
signal, high frequency
Condudtor, insulated, CND INS IWR N/A
insulatdd wire (single
conducfor)
Delay lipe DEL N/A
Diode device DID 7+
Diode device, bridge rectifier DID BRI 7+
Diode device, diode DID DIO 7+
Diode device, diode, break DID DIO BOD 7+
over digde
Diode device, diode, rectifier DID DIO REC 7+
diode
Diode device, diode, signal DID DIO SIG 7+
diode
Diode device, diode, stabilizer DID DIO STB 7+
diode
Diode device, diode, stabilizer DID DIO STB CUR 7+
diode, qurrent regulator
Diode device, diode, stabilizer DID DIO STB REF 7+
diode, Joltage reference
Diode device, diode, stabilizer PID DIO STB REG 7+
diode, Joltage regulator
Diode device, diode, stabilizer DID DIO STB STA 7+
diode, gtabistor
Diode device, diode, stahilizer DID DIO STB SUP 7+
diode, fransient suppressor
Diode device, diode)} variable DID DIO 7+
Diode device; Veltage DID VMP 7+
multiplier
Fibre optics EIRQPTIC Q.
Fibre optics, links FIBOPTIC LINKS 8+
Fibre optics, connectors FIBOPTIC CONN 8+
Fibre optics, switched FIBOPTIC SWi 8+
Fibre optics, branches FIBOPTIC BRA 8+
Fibre optics, couplers/splitters | FIBOPTIC COuUP 8+
Fibre optics, attenuators FIBOPTIC ATT 8+
Fibre optics, detectors FIBOPTIC DET 8+
Fibre optics, isolators FIBOPTIC ISOL 8+
Fibre optics, networks FIBOPTIC NETW 8+
Fibre optics, light sources FIBOPTIC SOURC 8+
Fibre optics, modulators FIBOPTIC MOD 8+
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Component description

IEC 61360-4 classification tree

Clause in this

L1 L2 L3 L4 L5 document
Fibre optics, FIBOPTIC TXRX 8+
transmitters/receivers
Fibre optics, waveguides FIBOPTIC WG 8+
Fibre optics, cables FIBOPTIC CAB 8+
Fibre optics, filters FIBOPTIC FIL 8+
Fibre optics, lens FIBOPTIC LENS 8+
Filter FIL 12
IC IC 6+
IC, analog/digital IC AD (o
IC, analog IC ANA B+
IC, digifal IC DIG 6+
IC, digifal, combinational IC DIG CsSl 6+
sequentfial interface (CSI)
IC, digif{al, microcontroller IC DIG MUC 6+
IC, digifal, microprocessor IC DIG MUP 6+
IC, digi{al, programmable IC DIG PLD 6+
logic dgvice (PLD)
IC, digifal, storage IC DIG STO 6+
IC, digifal, storage, CAM IC DIG STO CAM 6+
IC, digifal, storage, CCD IC DIG STO CCD 6+
IC, digifal, storage, RAM IC DIG STO RAM 6+
IC, digifal, storage, RAM, IC DIG STO RAM DRAM 6+
dynami¢
IC, digifal, storage, RAM, IC DIG STO RAM SRAM 6+
static
IC, digi{al, storage, ROM IC DIG STO ROM 6+
IC, digifal, storage, register IC DIG STO REG 6+
IC, peripdic/DC IC PER 6+
Inductof IND 11+
Inductof, fixed IND FIX 11+
Inductof, fixed, deflection IND FIX DFL 114
units
Inductof, fixed, choke IND FIX CHOKE 11+
Inductoy, fixed, coil IND FIX COIL 11+
Inductof, fixed, linearity IND FIX LININUT 11+
control unit
Inductof, fixed,Jantenna IND FIX ANT 114
inductofs
Inductor, Tixed, solenoids TND FTX SOLC TT+
Inductor, variable IND VAR 11+
Lamp LAM 18+
LCD LCD 8+
Microwave components MIC 12+
Optoelectronic device OPT 8+
Optoelectronic device, image OPT IMAGE 8+
pickup device
Optoelectronic device, OPT PHC 8+
photocoupler
Optoelectronic device, OPT PHE 8+
photoemmiter



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 RLV © IEC 2017

- 109 -

Component description

IEC 61360-4 classification tree

Clause in this

document

L1 L2 L3 L4 L5
Optoelectronic device, OPT PHE IRD 8+
photoemmiter, infrared
emitting diode
Optoelectronic device, OPT PHE LAS 8+
photoemmiter, LASER
Optoelectronic device, OPT PHE LED 8+
photoemmiter, LED
Optoelectronic device, OPT PHS 8+
photosensor
Optoel ctromic u'cv;\.,c, oPF PHS HR 8T
photoségnsor, infrared
Optoeldctronic device, OPT PHS U 8+
photosgnsor, ultraviolet
Optoeldctronic device, OPT PHS VIS 8+
photosgnsor, visible radiation
Oscillator OSC 13+
Piezoelectric device PE 134
Printed|wiring circuit PWC N/A
Resistof RES 10+
Resistof, fixed RES FIX 10+
Resistoy, fixed, linear RES FIX LIN 10+H
Resistor, fixed, linear, resistor RES FIX LIN MUL 10+H
network
Resistoy, fixed, linear, single RES FIX LN SIN 10+
Resistoy, fixed, linear, single, RES FIX LIN SIN CHIP 10+
chip
Resistof, fixed, linear, single, RES FIX LIN SIN FUS 10+
fusing
Resistoy, fixed, linear, single, RES FIX LIN SIN LP 10+
low power
Resistoy, fixed, linear, single, RES FIX LIN SIN PREC 10+
precisidn
Resistof, fixed, linear, single, RES FIX LIN SIN PWR 10+
power
Resistor, fixed, linear, single; RES FIX LIN SIN THERM 10+
PTC
Resistoy, fixed, non-linear RES FIX NLN 10+H
Resistoy, fixed, nonélinear, RES FIX NLN LDR 10+
light dependent
Resistoy, fixednon-linear, RES FIX NLN TDR 10+
thermisfor
Resistoy, fixeéd, non-linear, RES FIX NLN TDR NTC 10+
thermistor, NTC
Resistor, fixed, non-linear, RES FIX NLN TDR PTC 10+
thermistor, PTC
Resistor, fixed, non-linear, RES FIX NLN VDR 10+
varistor
Resistor, variable RES VAR 10+
Resistor, variable, RES VAR POT 10+
potentiometer
Resistor, variable, RES VAR POT PRESET 10+
potentiometer, preset
Resistor, variable, RES VAR POT PRECROT 10+
potentiometer, rotary
precision
Resistor, variable, RES VAR POT SLIDE 10+
potentiometer, slide
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Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5
Resistor, variable, RES VAR POT LPROT 10+
potentiometer, low power
rotary
Resistor, variable, RES VAR POT PWRPROT 10+
potentiometer, power rotary
Resistor, variable, two RES VAR TT 10+
terminal
Resonator RESON 13+
Sensor SEN N/A
Sensor] relative humidity SEN HUM NY/A
Sensor] light SEN LGT N/A
Sensor] magnetic field SEN MGN N/A
strengt
Sensor] nuclear SEN NCL N/A
Sensor] pressure SEN PRS N/A
Sensor] proximity SEN PRX N/A
Sensor] temperature SEN TMP N/A
Spark daps SPARK N/A
Spark daps, air SPARK AIR N/A
Spark daps, gas filled SPARK GAS N/A
Transformers TFM 114
Transfogrmers, power TFM POW 114
Transfgrmers, power, fixed TFM POW FIX 114
Transformers, power, variable TFM POW VAR 11+
Transfogrmers, signal TFM SIG 11+
Transfogrmers, signal, fixed TFM SIG FIX 11+
Transformers, signal, variable TFM SIG VAR 11+
Transisfors TRA 7+
Transisfors, bipolar TRA BIP 7+
Transisfors, bipolar, power TRA BIP POW 7+
Transisfors, bipolar, power, TRA BIP POW LF 7+
low frequency
Transisfors, bipolar, power, TRA BIP POW HF 7+
high frefquency
Transisfors, bipolarssignal TRA BIP SIG 7+
Transisfors, bipolar) signal, TRA BIP SIG LF 7+
low frequency
Transisfors),, bipolar, signal, TRA BIP SIG HF 7+
high frefquenty
Transistors, FET TRA FET 7+
Transistors, FET, power TRA FET POW 7+
Transistors, FET, power, low TRA FET POW LF 7+
frequency
Transistors, FET, power, high TRA FET POW HF 7+
frequency
Transistors, FET, small signal TRA FET SIG 7+
Trigger device TRG 7+
Trigger device, DIAC TRG DIA 7+
Trigger device, thyristor TRG THY 7+
Trigger device, thyristor, fast TRG THY FTO 7+
turn off
Trigger device, thyristor, gate TRG THY GTO 7+
turn off
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Component description

IEC 61360-4 classification tree

Clause in this

document

L1 L2 L3 L4 L5
Trigger device, thyristor, TRG THY RVB 7+
reverse blocking
Trigger device, TRIAC TRG TRI 7+
Tubes TUB N/A
Tubes, CRT TUB CRT N/A
Tubes, CRT, colour display TUB CRT COL N/A
Tubes, CRT, monochrome TUB CRT MCR N/A
display
Tubes, os-fitted o8 GAS NTA
Tubes, photo sensitive TUB PHO N/A
Tubes, ppace charge TUB SCC N/A
controlled
Tubes, ppace charge wave TUB SCW N/A
Tuner TUN N/A
ELECTROMECHANICAL
COMPQNENTS
Connedtor CON 14+
Connedtor, circular CON CIRC 14+
Connedtor, IC CON IC 14+
Connedtor, plug and jack CON JACK 14+
Connedtor, plug and jack, CON JACK ASSY 14+
plug aspembly
Connegdtor, plug and jack, CON JACK CMPLX 14+
complek jack boards
Connegdtor, plug and jack, CON JACK CONC 14+
concenfric type
Connedtor, plug and jack, CON JACK CONC JACK 14+
concenfric type, jack
Connegdtor, plug and jack, CON JACK CONC MULT 14+
concenfric type, multiple
Connedtor, plug and jack, CON JACK CONC PLUG 14+
concenfric type, plug
Connegtor, plug and jack,pin CON JACK PIN 14+
type
Connegtor, plug and-jack, pin CON JACK PIN JACK 14+
type, jafpk
Connegtor, plug-and jack, pin CON JACK PIN MULT 14+
type, mpltiplé jack
Connegtor;iplug and jack, pin CON JACK PIN PLUG 14+
type, plug
Connector, plug and jack, pin CON JACK PIN SHLD 14+
type, shielded jack
Connector, plug and jack, CON JACK PWR 14+
D.C. power type
Connector, plug and jack, CON JACK PWR CAR 14+
D.C. power type, car
Connector, plug and jack, CON JACK PWR JACK 14+
D.C. power type, jack
Connector, plug and jack, CON JACK PWR PLUG 14+
D.C. power type, plug
Connector, modular CON MOD 14+
Connector, printed circuit CON PCB 14+
board
Connector, rectangular CON RECT 14+
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Component description IEC 61360-4 classification tree Clause in this
L1 L2 L3 L4 L5 document

Connector, radio frequency CON RF 14+
Connector, sockets CON SOCK 14+
Connector, sockets, antenna CON SOCK ANT 14+
feeder
Connector, sockets, fuse CON SOCK FUSE 14+
holder
Connector, sockets, IC CON SOCK IC 14+
Connector, sockets, light CON SOCK LIGHT 14+
Connedfor, sockets, PCB CON SOCK PTB T4
Connedtor, sockets, power CON SOCK PWR 144+
socket
Connedtor, sockets, signal CON SOCK SIG 14+
socket
Connegtor, sockets, transistor CON SOCK TRA 14+
Connedtor, sockets, tube CON SOCK TUBE 14+
Connedtor, sockets, quartz CON SOCK XTAL 14+
crystal
Connedtor, terminals CON TERM 14+
Connegdtor, terminals, array CON TERM ARRY 14+
Connedtor, terminals, board CON TERM BRD 14+
Connegtor, terminals, rod CON TERM ROD 14+
Connedtor, terminals, small CON TERM SM 14+
Connedtor part CONPART 14+
Connedtor part, contact CONPART | CONTACT. 144
Connedtor part, accessories CONPART ACCY 14+
Connedtor part, tool CONPART TOOL 14+
Connedtor part, shell CONPART SHELL 14+
Connedtor part, insert CONPART INSERT 14+
Fuse FUS 13+
Fuse, current activated EUS CUR 13+
Fuse, thermally activated FUS TERM 134
Loudsppaker LSP N/A
Loudspgaker, electromagnetic LSP ELM N/A
Loudspgaker, electrOstatic LSP ELS N/A
Loudspgaker, ionic LSP ION N/A
Loudspgaker; LSP MGD N/A|
magnetpdynamic
Loudspbkaker =) MGS N/A|
magnetostrictive
Loudspeaker, moving LSP MVC N/A
conductor
Loudspeaker, piezoelectric LSP PXE N/A
Loudspeaker, pneumatic LSP PNM N/A
Microphone MIC N/A
Motor MOT N/A
Motor, linear MOT LIN N/A
Motor, linear, AC MOT LIN AC N/A
Motor, linear, DC MOT LIN DC N/A
Motor, linear, step MOT LIN STP N/A
Motor, linear, universal MOT LIN UNI N/A
Motor, rotational MOT ROT N/A



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 RLV © |IEC 2017 - 113 -
Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5
Motor, rotational, AC MOT ROT AC N/A
Motor, rotational, DC MOT ROT DC N/A
Motor, rotational, step MOT ROT STP N/A
Motor, rotational, universal MOT ROT UNI N/A
Relay REL 16+
Switch SWI 17+
Switch, mechanical SWI MEC 17+
Switch, reed SW]I REE 174
Switch,|thermostatic SWI THE 17+
MAGNHTIC PARTS
Hard mpgnetic part HRD N/A
Soft mggnetic part SFT N/A
1.3 Other systems
1.3.1 General
This ihformation is given for the convenience of uséfs of this document and dogs not
constifute an endorsement by the IEC.
1.3.2 NATO stock numbers
The NATO Codification System (NCS) has*been in place since the mid-1950s. It prpvides
standards for the use of common stogk® identification equipment throughout the [NATO

alliang
which

CONSiS
equivg
comm

1.3.3

The United Nations' Standard Products and Services Code® (UNSPSC®) provides an

global
code
Nation

refers to an item required foracquisition in order to satisfy a logistics need.
t of one or many "items of production” (i.e. a product of a specific manufacturer)
lent "fundamental characteristics". The NCS provides NATO countries with unifor

UNSPSC codes

multi-sector standard for efficient, accurate classification of products and services
s usedito classify all products and services. It was jointly developed by the
s Development Programme (UNDP) and Dun & Bradstreet Corporation (D & B) in

e. The NCS identification process”is based on the "item of supply" concept, & term

It can
having
m and

pn equipment for the (identification, classification, and stock numbering of items of
supply.

open,
. This
nited
1998.

1.3.4
STEP

STEP/EXPRESS

(Standard for the Exchange of Product data) is the colloquial

term

for

ISO 10303-31:1994-STEPR-is-developed-by1SO-TC184/SC4 and is targeted at the exchange

of data describing a product between computer aided engineering equipment (e.g. CAD,
CAM), and also long-term retention of such data.

EXPRESS is the language used within STEP to formally define the semantics of the data. It is
a lexical object information modelling language and is defined in 1SO 10303-11:2004.
EXPRESS is used in many other activities outside STEP.

1.3.5 IECQ

IECQ is a body that awards qualification of various different types to the manufacturers of
components. In order to do this it specifies the standards (called blank detail specifications)
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that a component-shall should meet. Each of these standards has a number and components
of that partlcular quallty are often caIIed by the number of the relevant standard#e#mstanee

1.3.6 ECALS

The computer readable standard dictionary of semiconductor devices and general electronic
components (usually referred to as the "ECALS Dictionary") was developed by the
standardization project of the ECALS steering committee of the Japan Electronic and
Information Technology Industries Association (JEITA). It is based on the standard developed
in the ECALS-2 project on development of a global supply chain foundation for
semiconductors and electronic components, one of the advanced information development
experimental tasks of the Ministry of International Trade and Industry (MITI) of Japan t rough
the Information-Technology Promotion Agency of Japan. For harmonization with-i
standards, the ECALS Dictionary has been developed pursuant and with, refererjce to
IEC 61360 (all parts) and to ISO 13584 (all parts) to the greatest possible extent!

1.3.7 ISO 13584

ISO 18584 is not a series of standards that defines electric components per se, it comjprises
howeVer a series of-international standards for the computer-sefisible representati and
exchapge of part library data. The objective is to provide a mechanism capable of transferring
parts |ibrary data, independent of any application which uses.@ parts library data bas¢. The
naturg of this description makes it suitable not only for the exchange of files containing|parts,
but algo as a basis for implementing and sharing databases of parts library data.

1.3.8 MIL specifications

A Unjted States defence standard, often (called a military standard, "MIL-STD", or
"MIL-$PEC", is used to help achieve standardization objectives by the U.S. Departnient of

Defenfe. According to the Government Accountability Office (GAO), military specifidations
“descibe the physical and/or operatiognal characteristics of a product", while nilitary
standards detail the processes and_materials to be used to make the product. Thg GAO
acknowledges, however, that the terms are often used interchangeably.

The MIL-SPEC documents (define various component types, for instance MIL-C-18312
descripes fixed capacitors with a metallized paper-plastic, or plastic film dielectric, for use in
direct| current application\*and packaged in a hermetically sealed metal case. In|many
organizations the component types become known by the MIL specification number (Jn this
case, [18312).
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J.1

Annex J
(informative)

Presentation of component reliability data

General

This document requires failure rates in order to be useful. As has already been explained (see
H.5.3) these can be obtained from a number of sources, the most useful of which would be
from field operation data. The second best sources is to obtain the data from component

manuflacturers and Annex J outlines how this data should be presented for use

docun

Annex
descri
IEC 6

It is €
make
compd
affecti
essen
look a
data g

As an

1) Cg
a)
b)

2) Sp
a)
b)

3) Cag
a)
b)
c)

The fd

ent. It is most likely that this form of manufacture data will be derived from teﬂt/.

J outlines the content of a report generated by the component man! facturg
es the data that should be contained within it. This is basedq/%l the stg
319 and replaces guidance previously provided by that standard. ~

.

Q

ssential for component manufacturers to present reliability ézg for users in or
decisions on use as well as predict failure rates and risks) It is essential th
nent manufacturers provide summary data on reliabiQé haracteristics and fj
hg the failure rate prediction of the components in theMomponent data sheetd
ial that this is provided in a concise fashion. It sh not be necessary for u
several documents to get the basic data. In order’\tfo be concise, detailed reliabili
hould be provided separately if required. Q

N\
hinimum any manufacturer’s data report sh&& contain information on the followin

%
mponent identification and specificatiO&ata
Identification X
Component technology 4\6
ecification of component
Electrical specificatio y omponent
Environmental specification of component
mponent test relﬁdata
Method of s I@ion of test components

Test congdi s

Data&ilures during test

ifh this

r and
ndard

der to
At the
actors
Lt s
ers to
y test

I@ﬁg clauses outline the minimum recommended contents of these data items.

J.2

J.2.1

Identification of components

General

The information supplied to identify the components should be in accordance with the relevant
IEC or internationally recognized management quality systems publications for the component
type under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be

given.

Only information applicable to a particular component type should be supplied.

Examples of the specific information required for different component types can be found in
IEC 61360-4.
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J.2.2 Component identification

— A description of the component type with sufficient details to uniquely identify the
component type, for example N-channel V-MOS transistor. When available, specification
numbers should be given.

— The component part number. If available, a universal part number, for example stock
number, should be given; otherwise a part number specific to the component manufacturer
may be given.

— Name of the manufacturer and place of manufacture. The purpose of these references is
to allow access to more detailed information if required.

— The date of manufacture or lot number or other production batch related identification.

- Thf production status of the component, for example development sam% pre-
rgdu

p ction, standard production, mature technology. \/

— Infprmation regarding compliance with other recognized standards sho\dg‘be given
whenever possible. Q’\

J.2.3 Component technology Qq/

— A dlescription of the basic component technology, for example me}é\%m resistor.
— A general description of the production process, for example iéo)rﬁbeam epitaxy.
— Pdckaging information, for example plastic, hermetic weld.\Q/

N
o
Q<<

— Mgthod of termination, for example end caps, % MD.
QO

— Thermal resistance, for example Rinj.a, Rihjc -

— Cdgmplexity of circuit.

J.3 | Specification of components \\S\®

J.3.1 General . @$
4\

The information supplied to specify&@ components should be in accordance with the relevant
IEC of internationally recognized‘{g.anagement quality systems publications for the component
type ynder test whenever possible. If IEC or internationally recognized management quality
systems publications are noléah/ailable, then other component specifications should bg used
and the source of the spegifications stated. As a minimum, the following information sholld be

given. O
J.3.2 Electric@specification of components

— Rdlevant Cf?mation about ratings and characteristics should be supplied. [These
referen ken from the applicable component specifications will depend on the type of
tedt {:ﬁ}med. For example, if power cycling tests are performed then the ratinjgs for

po issipation should be given.

— Information should be given about any pre-test screening the components to be tested
may have undergone. The results of such screening should be given.

J.3.3 Environmental specification of components
Information should be given regarding the maximum environmental conditions the

components can withstand, for example temperature, humidity, acceleration.

J.4 Test related issues data

J.4.1 General

The test and sampling conditions should be those described in the relevant IEC or
internationally recognized management quality systems publications for the components


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 RLV © IEC 2017 - 117 -

under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other test specifications should be used and the
source of the specifications stated. The following minimum information should be supplied.

Data obtained from reliability tests should be presented using graphical methods whenever
possible.

J.4.2 Actual test conditions

— The source of the results, for example the quality assurance department of the
manufacturer.

e _—
enjironmental conditions. The test conditions should be identified by quoting the\kalevant

e number of components under test. Where a component is available rﬁ\a numpber of
different values, for example resistors, capacitors, the values tested a '\bhe quartity of
eafh value should be stated. )

Hescription of the characteristic measured, for example resista;\;j%qand the meafuring
copditions. Where the measurement conditions are specified by IEC or |other
spgcifications, then the specification number should be given. @

— If nore than one method of characteristic measurement i missible then a descfiption
of the method used should be given. This description shos@i contain all relevant detdils.

— Thie test start date, duration and measurement inteersgnould be stated.

— Where a delay exists between the cessation anue test and the commencempnt of
mgasurements, then the time duration should be\stated. The storage conditions during this

dejay should also be stated. Any conditioni&g} tress applied to the components pefore

mgasurement should also be stated. (%)

NS

J.5 |Data on test failures ) ®$

D

— Thle number of failures observeq%ea egorized by test conditions and type of failure. Failure
mqdes should be stated with pereentage occurrence. ldentified failure mechanisms $hould

be|stated with their associ&@ ctivation energies and temperature ranges.

— The times at which the failufes occurred or were verified.

— Splecial events durin siing, for example events which might have affected the resylts.

— Cdmplete data fr, ests should be presented whenever possible but if data from tests
ar¢ discarded, theSe data and the reasons why they are not given in the presentafion or
regults, sho e given separately.

— Fajlure c%@ia for the components are normally defined by the requirements given py the
spgcifi on to which reference is made in the test report. If failure criteria fpr the
co @nts are not given by the reference specification, they should be stated.

— Failure rate which can be assumed to be consiant

e The test time of components during which the failure rate is assumed to be constant
should be indicated. Failure rates found will preferably be stated in failures per 10°
hours of operation. The value of 60 % is often used as the upper confidence level for
failure rates.

— Failure rate which cannot be assumed to be constant

e The total test time can be divided into a number of separate periods and the results for
each of these periods evaluated separately. The necessary time periods which have to
be distinguished and the number of failures which occur during each time period
should be given. If the results can be satisfactorily approximated by a mathematical
function, it would be useful to present these functions, as well as the period during
which they are applicable. In all cases, mean lifetime, failure distribution and the
influence of derating should be stated. For life-limited components, an appropriate
model should be suggested, for example Weibull distribution.
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— Influence of stresses

e As failure rates are dependent on the type and the intensity of stress, all failure rate
data should be presented with the applied stress levels. Furthermore, it can be
important to know the correlation between failure rate and stress (temperature, power,
vibration, etc.) and, where possible, the activation energy of the failure mechanism
should be supplied. Therefore, failure rate values obtained at different stress levels
should be supplied separately.
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K.1

Annex K
(informative)

Examples

Integrated circuit

For a bipolar random access memory device, the stated reference failure rate is A =10~"h"
at the virtual (equivalent) junction temperature of 6, =75°C (based on the component

ambie|

What
heatin

Step (
Step (

Step (

A=ddixrr =107 1'%x29=29x10"h"1 =290 FIT  A=Jyef xmr =107 h™1x2,9 =290 -10]

Nt temperature of 40 “C and the reference self-heating of Al of 35 "C).

s the value of the failure rate at an ambient temperature of &, = 65 °C and th
g of 35 °C?

1): A= Aef xp for ICs from Equation (10).

P): 71 =29 follows from Table 14 with the virtual junc¢tion temperature
reference conditions G =75°C (= 40 °C+35°C), and ‘the actual virtual ju
temperature Opp = Oamp + ATrer = 65°C +35°C =1002°C,

B): Perform the calculation; the failure rate at 6, = 65°C is obtain

K.2

For a

Oref =
The o

What

Step (
Step (
Step (

Step (

K.3

Transistor

general-purpose transistor, the stated failure rate at the reference junction tempe
65°C and the reference voltage™~ratio Uye/Uat =05 is given as A =2-10
perating voltage ratio is Uop/Urat =08 .

s the failure rate value'at'a junction temperature of 6y, =90°C?

1): A=At x 7§ X7y for transistors from Equation (13).
P):  my =126 -follows from Table 21 for Uop/Urat =08.

B): 7zf 34,2 follows from Table 23, with the reference junction tempe
bref =55°C, and the actual junction temperature G, =90°C .

b self-

under
nction

ed as
O h T

rature
8 h

rature

08 is

~—

Perform the calculationthus the failure rate at F)UP =90°C and T/UP//TT —

Tat

obtained as:

A= Aot xy xmp =2x10 801 x126x42~106x10~"h™' = 1,058x107 h—+= 106 FIT.

A= dret xmyx 77 =2-108h1x126x4,2~106-10°h"

Capacitor

For a polypropylene film metal foil capacitor, the stated failure rate at the ambient
temperature 6, of 50 °C and the reference voltage ratio of Ugs/Urat =05 is given as

1=35-10"h".
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What is the value of the failure rate at an ambient temperature of 0, =60°C and an

operating voltage ratio of Uop

/ Urat =06 ?

Step (1): 1= A xmy x w7 for capacitors from Equation (23)
Step (2): Conversion to reference condition:
7y =1 follows from Table 38 for Uyg /Uat =0,5.
71 =18 follows from Table 40 for Gamp =pp =50°C .
Perform the calculation, thus the failure rate at reference conditions of G =
and U /Upat =05 (see 9.1, Table 36) is obtained as
Jeet = A (my x77) = 35x10°°h 1 [(1x18) = 194x10°h 1 = 1,04 EIT
-9 -1
Aref = 4 = 3510 " h =194.107° h™
Ty X 7TT 1x1,8
Step (B): Conversion from reference to operating conditions:
my =15 follows from Table 38 for Ugp /Ut =06 .
71 =31 follows from Table 40 for 6y, =60°C .
Perform the calculation, thus the failure ratefat 6,, =60°C and Uop/Urat =
obtained as
A =g xmyxar = 194x107°h 1 x15x31~ 9x10°h ' =9 FiT
op = /. =194-107° h 1%45x31~ 9.10° h™’
op—/urefXﬂuXﬂ'T— y . XY, X 9,1 = . .
K.4 |[Relay
A dusi-tight general purpose relay with one normally open contact switches once per h
stress|region 4 (see 16.2.3, Figure 2) with motor load with alternating current-(a-¢-):
ref = Ux10°h"; U =220V AC, I1=4A, Izt =16 A, ambient temperature 6,y =70°C
What |s the valu€.of the failure rate under these conditions?
Step (1): ~54= A x 7gs X g x w7 for relays from Equation (32).
Step (P):<{/ 7gs =20 follows from Table 53, stress region 4, inductive load.
Step (3): g =1 follows from Table 51 and Equation (33)-ene-cycle-per-hour.
Step (4): 7z1 =18 follows from Table 56 with 6,,,, =70°C .
Step (5): Perform the calculation,

thus the failure rate, at the stated conditions is obtained as:

A = Jrot x g x g x 77 =4x10°h 1 x20x1x18 =144 x10"nh 1 =144 FiT

A= Ao xmgg x g x 7 =410 h™1x20x1x18 =144.10° h™"

40°C

06 is

our in
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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
condit
assen
envirg
early

proble

The sfress models contained herein are generic and are as simple as possible while still

compa3

generated using this document have a wide range of predictionaccuracy.

This d
used.
the pr

to selgct the data that can be used in the presentedrmodels.

The failure rates considered in this document are assumed to be constant, either

unlimi
called
failure
hence
practig

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

terms

the presented stress models allows extrapolation of failure rates froms refs
ons to other operating conditions which in turn permits the prediction of faildre ra
bly level. This allows estimation of the effect of design changes or changes
nmental conditions on component reliability. Reliability prediction is_most useful
Hesign phase of equipment. It can be used, for example, to identify potential rel
ms, the planning of logistic support strategies and the evaluation of designs.

rable with more complex equations contained in other models. The pred

ocument does not contain failure rates, but it describes how they can be statg
This approach allows a user to select the mostrelevant and up to date failure ra
bdiction from a source that they select. This document also contains information g

ed period of operation (general case) or for limited periods. The limitation of
useful life and applies only for_some few component families, reaching the wsg
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assumed that during useful life, the failure rate can be considered constant f
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ELECTRIC COMPONENTS -
RELIABILITY -
REFERENCE CONDITIONS FOR FAILURE RATES
AND STRESS MODELS FOR CONVERSION

1 Scope

This g
electri

c components used in equipment.

The method presented in this document uses the concept of reference conditions whi
the typical values of stresses that are observed by components in the majority~of applicg

Refergnce conditions are useful since they provide a known standard basis from which

rates
as ref

can be modified to account for differences in environment from the environments
prence conditions. Each user can use the reference conditions)defined in this doc

or usqg their own. When failure rates stated at reference conditions are used it allows rg
reliability predictions to be made in the early design phase.

The sfress models described herein are generic and can\be used as a basis for convers
failurel rate data given at these reference conditions\to actual operating conditions
needeld and this simplifies the prediction approach.“*Conversion of failure rate data i
possiljle within the specified functional limits of the components.

This document also gives guidance on how.a database of component failure data g
constructed to provide failure rates thati'‘can be used with the included stress m
Refergnce conditions for failure rate data are specified, so that data from different sources

can b

e compared on a uniform basjs. If failure rate data are given in accordance wi

docunjent then additional information-on the specified conditions can be dispensed with.

This d
that a

low failure rates obtained by other means to be converted from one operating ¢

to angther operating condition.

The prediction methodology described in this document assumes that the parts are

used
specif

2 N

ithin its aseful life. The methods in this document have a general application b
cally applied to a selection of component types as defined in Clauses 6 to 20 and
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5 only

an be
odels.

h this

ocument does not providé base failure rates for components — rather it provides r]:odels
0

dition

being
ut are
1.2.

brimative 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

3 Terms, definitions and symbols

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-192 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

3.11

electric component

component with conductive terminals through which voltages or currents may be applied or
delivered

Note 1 te—entry+—TFho—term—elestric—component—nctudes—th ooy —dsed—terms—elestronrie—eemponent”,
“electri¢al component” and “electro-mechanical component”.

[SOURCE: IEC 61360-1:2009, 2.18, modified — Existing note deleted and Note™t to entry
added]

3.1.2
Failune <of an item>
loss of ability to perform as required

Note 1 fo entry: A failure of an item is an event that results in a fault of that item:"see fault (IEC 60050-192:2015,
192-04101).

Note 2 fo entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, may be |used to
categorjze failures according to the severity of consequences, the choice and definitions of severity|criteria
dependjng upon the field of application.

Note 3 [to entry: Qualifiers, such as misuse, mishandling and“weakness, may be used to categorize [failures
accordipg to the cause of failure.

[SOURCE: IEC 60050-192:2015, 192-03-01]

3.1.3
failur¢ mode
manner in which failure occurs

Note 1 fo entry: A failure mode may-be-defined by the function lost or the state transition that occurred.

[SOURCE: IEC 60050-192:2015, 192-03-17]

3.1.4
instantaneous failure rate
failur¢ rate

limit, Jf it exists, of the quotient of the conditional probability that the failure of d non-
repairgblesitem occurs within time interval (¢, ¢t + At), by At, when Ar tends to zero, givgn that
failurel has not occurred within time interval (0, 7)

.1 t+ Ar)- Fl¢ t
0= m - LB E T

where F(¢) and f{(¢) are, respectively, the distribution function and the probability density at the
failure instant, and where R(z) is the reliability function, related to the reliability R(z4, t5) by
R(z) = R(0, 1).

Note 1 to entry: See IEC 61703, Mathematical expressions for reliability, availability, maintainability and
maintenance support terms, for more detail.

Note 2 to entry: Other terms used for instantaneous failure rate are: “hazard function”; “hazard rate”; and “force of
mortality” (abbreviation FOM).

Note 3 to entry: A(z) in this document is assumed to be constant over time unless explicitly stated otherwise.

[SOURCE: IEC 60050-192:2015, 192-05-06, modified — Note 3 to entry added]
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3.1.5

reference conditions

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

Note 1 to entry: Stresses include electrical stress, temperature and environmental conditions.

3.1.6
reference failure rate
failure rate stated under reference conditions given in IEC 61709

Note 1 to_entry: The reference failure rate is specific to the component, i.e. it includes the effect of complexity,
technolpgy of the casing, dependence on manufacturers and the manufacturing process, etc.

3.1.7
duty g¢ycle
specifled sequence of operating conditions

Note 1 fo entry: The duty cycle states whether components are continuously or intermittently stressed duripg their
operatipn. Continuous duty means operation for a long duration with constant or changing loads (e.g. process
controlg, telephone switch). Intermittent duty means operation with constant or changing loads during up stdte (e.g.
numerigal controls for machinery, road traffic signals).

[SOURCE: IEC 60050-151:2001, 151-16-02, modified — Note1to entry added]

3.1.8
operating state <of an item>
state ¢f performing as required

Note 1 o entry: For a component it means that it is energizéd’and/or connected to a load.

[SOURCE: IEC 60050-192:2015, 192-02-04,«xmodified — Notes 1 and 2 to entry replacgd with
a new|Note 1 to entry]

3.1.9
non-clperating state <of an item>x
state ¢f not performing any requited function

Note 1 o entry: The adjective “non-operating” designates an item in a non-operating state.

Note 2 fo entry: A componentimay be in a non-operating state because of a failure or because it is in an idle state
(IEC 60[050-192:2015, 192-02-114), if it is not required to be in an up state, in a standby state (IEC 60050-192:2015,
192-02{10), during the requijred time or in an externally disabled time (IEC 60050-192:2015, 192-02-24), when the
non opgration is due to‘absence of external resources.

[SOURCE: IEC60050-192:2015, 192-02-06, modified — Note 2 to entry added]

3.1.10
dormant 'state
state of being inactive, but capable of becoming active

Note 1 to entry: For a component it means that it is ready to be energized and/or connected to a load.

3.1.11
standby state <of an item>
non-operating up state during required time

[SOURCE: IEC 60050-192:2015, 192-02-10]

3.1.12

storage state

state of being placed at a specific facility, and under stated conditions, without being
energized and/or connected to a load
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Note 1 to entry: For example the storage state of a component is not assembled to a piece of equipment.

3.1.13
prediction
computation process used to obtain the predicted value of a quantity

[SOURCE: IEC 60050-192:2015, 192-11-01]

3.1.14

component
constituent part of a device which cannot be physically divided into smaller parts without
losing its particular function

[SOURCE: IEC 60050-151:2001, 151-11-21]

3.1.15
equipment
single| apparatus or set of devices or apparatuses, or the set of~main devices [of an
installption, or all devices necessary to perform a specific task

Note 1 [to entry: Examples of equipment are a power transformer, the eqguipment of a substation, mdasuring
equipment.

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

3.1.16
usefu] life <of an item>
time interval, from first use until user requirements are no longer met, due to econonjics of
operafion and maintenance, or obsolescence

Note 1 fo entry: In this context, “first use” excludes testing activities prior to hand-over of the item to the end-
user.

[SOURCE: IEC 60050-192:2015, 192-02-27]

3.1.17
drift
differgnce between the final value of a characteristic at the end of a specified period apd the
initial value, all other,operating conditions being held constant

Note 1 fo entry: The use of the term "drift" to refer to the immediate change of a characteristic in direct rgsponse
to chanped operating conditions (for example, temperature) is deprecated.

[SOURCE(IEC 60747-1:2006, 3.6.1]

3.11
virtual temperature <of a semiconductor device>

internal equivalent temperature

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

Note 1 to entry: The virtual temperature is not necessarily the highest temperature in the device.

[SOURCE: IEC 60050-521:2002, 521-05-14, modified — Note 2 to entry deleted]

3.1.19
virtual (equivalent) junction temperature
virtual temperature of the junction of a semiconductor device

[SOURCE: IEC 60050-521:2002, 521-05-15]
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3.1.20

ambient air temperature

the temperature, determined under prescribed conditions, of the air surrounding the complete
device

Note 1 to entry: For devices installed inside an enclosure, it is the temperature of the air outside the enclosure.

[SOURCE: IEC TR 60943:1998, 1.3.1]

3.2 Symbols

In the_normative part of this document, the following symbols are used. Other symbols are

used and defined in the annexes.

Eaq,Epy activation energies of a failure process
4, G, ho constants

A failure rate under operating conditions
Aref failure rate under reference conditions
Acompgnent  failure rate of a component

Amode failure rate of a component's failure mode
b current dependence factor

TE environmental application factor

TES electrical stress dependence factor

s switching rate dependence factor

T temperature dependence factor

7y voltage dependence factor

Iop operating current

Trat rated current

Tret reference current

Fop operating powér dissipation

Fef reference(power dissipation

Fat rated power dissipation

Ry therimal resistance

Rith, amp thermal resistance (to the environment)
S number of operating cycles per hour
Sref reference number of operating cycle per hour
Uop operating voltage

Utat rated voltage

Uref reference voltage

AT actual self-heating in degrees Celsius
ATref reference self-heating in Kelvin

& reference ambient temperature in degrees Celsius
BGamb ambient temperature in degrees Celsius
Ty reference ambient temperature in Kelvin
Tamb ambient temperature in Kelvin

T

op operating temperature in Kelvin
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Tref

Gop

reference temperature in Kelvin

operating temperature in degrees Celsius

— for integrated circuits (ICs) the actual virtual (equivalent) junction temperature;

— for discrete semiconductors and optoelectronic components the actual
temperature;

— for capacitors the actual capacitor temperature;
— for resistors the actual resistor element temperature;
— for inductors the actual winding temperature;

—  forother electric components the actual ambient tembperature:
™ r 4

junction

4 C

4.1

The ¢
failure
obser

In equ
failure

It sho
specif
the co

Furthg
defing
may n
functiq

reference temperature in degrees Celsius
— for ICs the reference virtual (equivalent) junction temperature;

— for discrete semiconductors and optoelectronic components the r
junction temperature;

— for capacitors the reference temperature of the capacitor;

— for resistors the reference temperature of the resistor.element.

— for inductors the reference temperature of the winding;

— for other electric components the reference temperature of the compon

bntext and conditions

Failure modes and mechanisms

pference

naracteristic preferred for reliability data of electric components is the (instantaneous)

rate. It is to be noted that, althoughtit is often generically defined as failure, the
ed event that is measured is a failure mode.

ipment a failure or functional loss is caused by a component failure where comg
mode is relevant to the_application being carried out by the equipment.

Ild be noted that a'‘component has many features and only some may be used
c application. A function loss at the equipment level occurs only when there is a |
mponent featurejthat is used to support that function.

rmore a~circuit requires the presence of component features according to wha
d by the-designer; this may not encompass the total feature set of the compone
ot use“a particular feature to its full capacity as defined by the data sheet in te
nal characteristics and ratings.

exact

onent

in the
oss of

t was
ht and
ms of

Handbooks usually define failure rate as an overall value, which includes all failure modes.
This implies that component failure rate can be considered as the sum of the failure rates of

all the

modes, as follows:

n

lcomponent = Z(ﬂmode) i

i=1

(1)

where (Amode )l. is the component failure rate in which the failure mode i occurs and » is the

number of failure modes.

Failure modes are listed in Annex A.
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A failure is related to a failure mechanism, which is the basic material behaviour that results
in the failure. For integrated circuits more detailed description is presented in Annex F.

4.2 Thermal modelling

Temperature is a relevant factor affecting failure rate. It is in fact known that temperature and
temperature change has an effect on component reliability. For temperature change see 4.4.
The temperature effect is more significant for some families (active components and
aluminium capacitors with non-solid electrolyte). The models adopted are those which give
the effect of temperature on the predominating failure mechanisms (which are not normally
the “wear-out” mechanisms).

Thermal modelling of components should then be as accurate as possible, in particular
thermal resistance for semiconductors should be measured in order to allow\.acfurate
evaluation of the internal temperature.

When| thermal resistance cannot be measured, thermal resistance models provided in
Annex B can be used.

4.3 |Mission profile consideration
4.3.1 General

During their life, components experience different conditions of use that represent the|major
factorg affecting component reliability: the complex of thése conditions is defined as njission
profile|.

The mission profile defines the required function and the environmental condition| as a
functign of time. This will vary according to thé type of operation that is undertaken. This
operafion may be continuous over time at,a-fixed level, continuous over time at a vdriable
level @r sporadic over time at either a fixed level or a variable level. In some cases switch on
and syitch off could be significant and\of more importance than the steady state operational
conditjons. Careful consideration of the mission profile is needed in order to fully undefstand
how it|affects the component reliahility.

The njission profile can be considered to be based on calendar time or on the time of [actual
operafion or it can be cycle based (e.g. how many times an item is used).

More ¢onsiderations ‘o mission profile are detailed in Annex D.

4.3.2 Operating and non-operating conditions

A mission(profile can be decomposed in several phases, on the basis of the typical us¢. The
main [classification of these phases is between operating and non-operating conditions.
Althou ; i ; iti o the
assembly (equipment or system), and can be defined as follows when they refer to
components.

e Operating: the component is assembled, powered or connected to a load and
functioning at nominal conditions. See 3.1.8.

e Stand-by: the component is assembled, powered or connected to a load, but not
functioning or functioning at conditions lower than nominal. See 3.1.11.

e Dormant: the component is assembled, but not powered or connected to a load. See
4.3.3.

o Storage: the component is not assembled, hence not powered or connected to a load.
During storage components are packed stored in a warehouse. See 4.3.4
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Dormancy

A component is considered dormant (i.e. in a dormant state) when it is inactive (it does not
provide any of the required functions), but it is capable of becoming active and properly
operating on demand (energized and/or connected to a load). To be considered dormant it is
assumed that the component is assembled to a piece of equipment, but no power is applied.

Components that are dormant may fail, but usually the dormant failure rate is considerably
lower than the operating failure rate, assuming that the piece of equipment is maintained

within
4.3.4

Comp

the sforing conditions are different from those specified. However the stress“modsg
envirg

opera
have

chang

Storage conditions should be treated separately from operating-conditions. They may
the co

More

define

4.4

The ¢

conse
opera

A mor

less s
a spe

its specified conditions, when non-operating.

—Sterage

bnents that are under storage conditions are not immune from failure, particularly

ing conditions. Different failure mechanisms may exist under storage)condition
not been considered in the models. Furthermore the case wherg, storage con
e the failure rate when the item is active are not dealt with in this,document.

mponents’ failure behaviour in later life.

nformation on storage can be found in IEC PAS 62435. Storage conditions sho
d and controlled, in order to ensure the reliabilitysof\the components stored.

Environmental conditions

nvironment contributes to failure that@ccurs in the life of the equipment.
huence the duration and intensity of .environmental stresses should be included
ional model of the equipment.

e severe environment may cause the failures to occur more frequently than one
bvere. There will usually bg\iseveral aspects of the environment that will be pertin
tific failure and all may-need to be understood. The locality of the environment i

when
Is for

nmental application factors in this document may not apply since they.only deal with

s that
Hitions

affect

ild be

As a
in the

that is
ent to
s also

imporfant, for example on_ ar’ aircraft the in-cabin and on-engine environments ar¢ very

differs

The ¢

assoc

IEC 60721-3-3describes the environment in terms of:

nt.

nvironment may be described in terms of several types of parameters and
ated interagtions.

climatic conditions;

their

special climatic conditions;

biological conditions;

chemically active substances;

mechanically active substances;

mechanical conditions (both static and dynamic).

All the above listed conditions are in general relevant to the equipment’s reliability (e.g. failure
rate) and it is reasonable to consider that the reliability of components, and therefore of the
equipment, decreases as the environmental stress increases (see IEC 60721 (all parts) for a
detailed quantitative description of the environmental parameters for each environment).
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In this document it is assumed that the climatic and mechanical conditions are the most
significant and this is also valid for many standard applications of components, but there may
be situations where, for example, chemical conditions could result in a higher failure rate.

Other factors influencing the failure rate can be nuclear, ultraviolet, infrared and
electromagnetic radiation, acoustics, altitude, software security, six degrees of freedom
vibration, explosive atmosphere environments, item induced conditions, and hostile weapons
effects for military items.

Estimated failure rates generated using the models in this document are valid only if the
coldest part temperature of the considered component is over the dew point temperature.

In this) document only the climatic and mechanical parameters are used to describe_the|effect
of the|reference environments on failure rates. However, temperature is treated separarLer in
this document. For simplicity it has been chosen to address three basic“environments,
conveptionally named E1, E2 and E3. These environments refer to general field [usage
situatipns, considering the specific values of the environmental parameters. Thede are
defined in Table 1.

Table 1 — Basic environments

E1 Stationary use at weather- | The environment is highly insensitiveto the weather outdoors and
protected locations humidity is controlled within defined limits.

This is typical of telecommunications and computer equipment plaged
in buildings. This includes/office situations.

E2 Stationary use at partially | The environment offecs thermal and mechanical stresses directly

weather-protected or non- | influenced by natutal’environmental conditions.
weather-protected It is typical of equipment installed outdoors.
locations
E3 Portable and non- The envifonment offers mechanical stresses and severe thermal
stationary use, ground gradients.
vehicle installation It.is(typical of equipment mounted on vehicles or that are hand
portable.

Table|2 shows the values of environmental parameters and their relationship to the classes
indicated in the relevant4EC standards.

The ¢ffect of environment can be described as a change of failure rate, by applying an
eitis
ctors.

This document considers temperature cycle (operating times at different temperatures) in the
mission profile, while rapid temperature changes are included in the environmental application
factor, zg (see 5.2.5).

The environmental application factors include all environmental parameters (excluding
temperature, which has a specific model) such as rapid temperature changes, mechanical
vibration, where no empirical models are available. The environmental application factors are
used at equipment level.
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Table 2 — Values of environmental parameters for basic environments

Environmental

E1

E2

E3

Stationary use at weather-

Stationary use at partially

Portable and non-

parameters protected locations weather-protected or non- [stationary use, ground

weather-protected vehicle installation
locations

Temperature rate of <0,5° C/min > 0,5° C/min > 0,5° C/min

change

Stationary vibration, 2Hzto 9 Hz <1,5mm (2 Hz to 9 Hz <3 mm 2 Hzto 9 Hz >3 mm

sinusoidal

9 Hzto 200 Hz <5m/s? [9 Hzto 200 Hz <10 m/s? |9 Hzto 200 Hz > 10 m/s?

200 Hz to 500 Hz 1% m/s?

Non-st
includ

tionary vibration
ng shock

< 70 m/s?

< 250 m/s?

> 250 m/s?

IEC 60721-3-3 Classes

3K1 3K2 3K3 3K4 3K5 3K6

3K7 3K7L 3K8 3K8H 3K8L
3K9 3K10 3M4 3M5 3M6

3M1 3M2 3M3 3M7

IEC 60721-3-4 Classes - - 4K 4K2 4K3 4K4 4K4H
4K4L

IEC 60721-3-5 Classes - - 5K1 5K2 5K3 5K4 5K4H
5K4L 5K5 5K6 5M1 gM2
5M3

IEC 60721-3-7 Classes - - 7K1 7K2 7K3 7K4 7K5

ETS 300 019-1-3 Classes 3.1-3.2-3.3 3.4-3.5 -

ETS 300 019-1-4 Classes - 4.1-41E -

ETS 300 019-1-8 Classes 8.1 and Note - -

ETS 300 019-1-5 Classes
ETS 300 019-1-7 Classes

5.1-5.2

71-72-73-13E

This document covers only the three-environments for simplicity. The user can descrije any

envirgnment using the same methedology and assess the proper environmental appl

cation

effect|zg as described in 5.2,56:

4.5 |Components choice

It is thle responsibility~ef the manufacturer to ensure the life duration specified by the final user
and that components used in equipment are compatible with the environment. Thefefore,

premature wear-out is assumed not to occur during the useful life period of the equipnmjent in
normal operating conditions, as prescribed by the final user.

Howeyer;»Ssome components may have a limited life duration, and so preventive maintehance

has to be indicated to the final user. It is the responsibility of the component manufacturer to
provide qualification and evaluation results of degradation mechanisms to the system
manufacturer and to ensure that the appearance of wear-out mechanisms will be postponed
beyond the useful life period of the equipment in normal operating conditions.

Good component and equipment reliability is not achieved without effort. Equipment reliability
is built-in, starting from the initial design phases, by applying a rigorous quality assurance
system, oriented toward improvement. This means that inadequate application of the rules for
excellence in quality and reliability, taking into account the product type and its use and
maintenance criticality, will affect reaching the objective.

Component failures, even those conventionally considered random, excluding wear-out and
external causes, are due to manufacturing defects or misuse. These show their effects during

operation.
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Thus manufacturers and users have to adopt adequate preventive actions:

— qualification and control of the component manufacturing process;

— characterization and qualification of the components;

— acceptance tests;

— use of good design rules (thermal, electrical, mechanical).

This document does not describe quality levels since it does not consider quality levels lower
than the best achievable set as design standards. Experience of poor quality cannot be
considered in order to establish models, and waivers to the application of quality rules cannot

be justified based on economic considerations when the total component/equipment cost,
either|of the manufacturer or of the user, is considered.

There| are special applications such as space, avionics and submarine cables;\ whefe the
impospibility — or at least the great difficulty — of performing maintenance, as well as for|safety
reasoms, urge adoption of even more severe rules. These cases cannot be.generalizgd and
should be studied using specific experience with the equipment and the:measures adopted
(such jas screening, burn-in, special quality assurance programmes).

Consdquently, the equipment manufacturer has to choose component manufacturerf who
have fhe best "commercial practice" concerning quality, for example, those who comply with
internationally recognized quality management systems, practise statistical process ¢ontrol
and ale approved under qualified manufacturing line approval*(or able to be).

In thege conditions, there are no longer any reasons<o take into consideration quality factors,
and tHe infant mortality period related to new component technology is neglected sincg only
qualified production lines and stabilized ones are*considered here.

When|an equipment manufacturer uses a new component technology, and when such a
manuflacturer has not been able to justify the life duration in normal use conditions| of its
devicq, the equipment manufacturer has to undertake tests allowing justification of the life
duratipn of this component to the finaDuser.

4.6 |Reliability growth during the deployment phase of new equipment

The models expounded .if\this document allow for calculating the failure rate of an Tectric
item that is already in @mature production phase. However, prior to that, a newly deve¢loped
item may have undérgone some form of reliability growth process that is reflected by a
decreasing failure.rate during a more or less long period.

For ingtancereliability growth is achieved by the correction of manufacturing issues SICh as
the refurn©fra process into control or the modification of a process to improve it. With r¢spect
to religbility growth in the field, it is the modifications to the item, its design, manufactufing or
operatieh—thatlead—to—a—mere—rehable—item—For—a—comprehensive—desecriptior—ef—+eHability

processes and activities integrated into the product life cycle which contribute or provide for
the product reliability growth, refer to IEC 61014.

A manufacturer should calibrate the reliability growth period according to its own experience.
It was demonstrated experimentally on many electric items and with several manufacturers
that the ratio between the failure rate during the starting period of deployment and the failure
rate in the mature phase can be very different. Consequently, as soon as the observed failure
rate during the beginning of the deployment of an electric item significantly exceeds the
estimated value, a corrective action may have to be taken.
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4.7

How to use this document

This document provides a method to convert failure rates from one set of operating conditions
to another. To do this it uses the concept of failure rates at reference conditions and provides

equati

ons to convert them to other conditions.

Reference conditions are defined as the most common set of environmental and operating
conditions for the user. For example if an organization has most of its equipment operating at
30°C then it should state failure rates at this operating temperature and define it as the
reference conditions. The reason the organization should choose the typical operating
conditions as the reference conditions is so that when they collect field reliability data they do

not ha

ve to make any adjustments to it to account for environmental differences before

using

it.

If an ¢
set th
refere
they ¢
refere

Many

rganization does not have a typical operating environment then they should deq
b reference conditions at a level that is most appropriate for them, or they can u
nce conditions that are defined in this document in Clauses 6 to 20 In’this case
pllect field data they may have to make adjustments to the data tocring it all to a
nce conditions so that it can be combined and compared.

organizations will not have their own reliability data and so will need to use

sourcgs of data. This document can then be used to convert the-failure rates from opg

condit

NOTE

of 34 °(
multiple
environ

The e
and in|
the eq

Figurg
stated

ons to reference conditions or vice versa.

For example if an organization wants to perform a predictionfor an equipment at an operating temg
and the component being used are not covered by a singlendata source with some data coming fro|
data handbooks then the base failure rates, which, are stated at a particular and different

Mmental stress in each source, can be converted and combined using the equations in this document.

nuations in this document have been defived from empirical model fitting to fiel
some cases to the equations used in other standards and handbooks. This mearn

ide to
5e the
when
set of

other
rating

erature
m other
evel of

] data
s that

uations here will give a generic fit to;the data as is suitable in an international stafpdard.

1 shows, for CMOS IC, a comparison of the temperature dependence of facto
in a number of prediction iandbooks with the factor z1 stated in this document.

rs rzr
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Figure 1 — Comparison of the temperature dependence of 71 for CMOS IC

Figurd 1 demonstrates that the acceleration fagtors provided in this document are compatible
with many acceleration factors given in prediction handbooks. The figure shows a| fit to
generic versions of the data from the prediction handbooks. The latest versions pf the
handbjooks are detailed in H.5.3.

In order to use the equations givenvin this document then certain data will be requirefl; this
differd slightly by component type;*but the most important data is a base failure rate stgted at
reference conditions. This(" can be obtained from field data (see IEC 603(0-3-3,
IEC 60300-3-5) or from manufacturer’s data or from other handbooks (see Annex H).|If this
data i$ not stated at reference conditions it can be converted to a reference condition by using
the equations in this document. Knowledge of the operating environment at which the failure
rate ig stated is necessary in order to do this. When the failure rate is at reference condlitions
then if can be converted to other operating conditions using the equations contained jn this
docunjent.

5 Generic reference conditions and stress models

5.1 Recommended generic reference conditions

Generic reference conditions are those values of environmental factors that are defined by an
organization as being typical of the sorts of environment the organization's equipment is
subjected to during normal operations. The factor could be any environmental factor the
organization feels is relevant and apply to all component types.

This document, necessarily, takes a more limited view and defines the environmental factors
of interest as being electrical stress, temperature and environmental conditions. Extensions to
this set are not supported by this document.

Table 3 contains some recommendations that can be used by an organization unless they are
not appropriate to the normal working conditions of that organization’s equipment. Any
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organization should choose conditions closest to their actual experience if they differ from
those given in Table 3.

The values chosen represent the majority of component operating conditions.

Table 3 - Recommended reference conditions for environmental
and mechanical stresses

Type of stress Reference condition?

Ambient temperature® 6, =40 °C

Envi

Rt eRtar—eoRatton

Sped

ial stresses Not addressed in this document®

a

w o nom|m OO0 4 o

he failure rates stated under these conditions apply only to components not damaged during tran
nd storage.

he ambient temperature for the purposes of this document is the temperature of the_.medium next t
pmponent during equipment operation, not taking into account any possible. self-heating of
pmponent. The surroundings of the component should be defined.

pecial stresses include wind, rain and snow, icing, drips, sprays or jets of water,“dust (chemically 4
r not), effects of animal pests, corrosive gases, radioactive radiation, ,etc. These stresses ma
gnificant contributors to failure however, as a general good practice; they should be addresse
esign practices. There may be cases where their effect can be treated by applicable models. T
resses have such wide ranges of effects it would be inappropriate te address them in this document

Eport

b the
the

ctive
y be
d by
hese

5.2
5.2.1

Comp
condit
There
conve
electri
specif
be us
failure
of the
specif

Generic stress models
General

bnents may not always operate under thereference conditions. In such cases, ope

rating

ons will result in failure rates different” from those given for reference conditions.

ore, models for stress factors, by which failure rates under reference conditions ¢
rted to values applying for operating conditions (actual ambient temperature and
cal stress on the components),~and vice versa, may be required. In Clauses 6
¢ stress models and values of sw-factors for component categories are given and

bd for converting referencefailure rates to field operational failure rates. n-facto

an be
actual
to 20
thould
rs are

rate modifiers which are.related to a specific stress or condition. They are a mgasure

change of failure rate~due to changes in that stress or condition. However, if
¢ models are applicable for particular component types then these models sho

used and their usage justified and reported.

The ¢
compq

The c

bnversion of-failure rates is only possible within the specified functional limits
nents.

bmponent failure rate under operating conditions is calculated as follows:

more
ild be

of the

where
Aref
7y

|

T

e

7s

TES

A = Jref X 7Ty X ) X T X g X g X ES

is the failure rate under reference conditions;
is the voltage dependence factor;

is the current dependence factor;

is the temperature dependence factor;

is the environmental application factor;

is the switching rate dependence factor;
is the electrical stress dependence factor.

(2)
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5.2.2 Stress factor for voltage dependence, 7

Cy Co
_ UOD _ Uref
Ty = exp C3 (3)
Urat Urat

where
Uop is the operating voltage in V;
Uef is the reference voltage in V;
Upat is the rated voltage in V;

Cy, U3 are constants.

Equatjon (3) represents an empirical model to describe the voltage depehdence of failure
rates and is based on existing component reliability handbooks, existing.conponent rel(ability
data, and publicly available publications.

NOTE |When dealing with absolute values of voltage as might be necessary for some component typgs then

Equation 3 can be modified to 7, = exp{C1 (Uc% _Uéﬁ)} where ¢, :ca/Urg% .

5.2.3 Stress factor for current dependence, 7

Cs (66
Top Iref
7r|:eXp C4 [ J _( re j 4

Irat Trat (4)
where
Iop is the operating current in A;
Iref is the reference current in A;
Lrat is the rated current in A;

Cy4,Cq are constants.

Equatjon (4) represents an empirical model to describe the current dependence of failure
rates and is based.on existing component reliability handbooks, existing component rellability
data, and publicly-available publications.

5.2.4 Stress factor for temperature dependence, =t

1 = exp Eaq [ 1 1
T~ -
kO Tref Top (5)

Equation (5) is an empirical model based on the Arrhenius equation and it describes the
temperature dependence of the failure rates. Ideally this computation should be made for
each failure mode, however it is common practice to perform this calculation using an average
of all activation energies for all failure modes or for the dominant failure mode only. It should
be noted that in this latter case, the activation energy may also be a function of temperature
since it is related to the different activation energies of the underlying failure modes. However
this effect is commonly ignored.

In certain cases a more complex model using two activation energies is appropriate to fit the
temperature dependence of failure rates. In such a case the following Equation (6) can be
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used. Use of the model with two activation energies ( Ea4, Eay) is considered sufficient to

adequately model the temperature-failure rate relation. (This is sometimes known as
competing risks; see JESD-85 for details.)

This extended Arrhenius equation is standardized to avoid temperature-dependent activation
energies when changing the reference temperature, 7.

_ A><exp(Ea1 ><z)+( —A)xexp(Eazxz)
 Ax eXp(Ea1 X Zref )+ (1 - A)X eXp(EaZ x Zref)

7

with the auxiliary variables

1(1 1
z :i i_ 1 and Zref :—(—— j |n (eV)_1

where|in Equations (5) and (6):

A is a constant;

Eaq, Hap,  are activation energies in eV,

ko = 8,616 x 1075 eV/K;
Ty =313 K;

Tref = (Gt +273) in K;
Top = (@op +273) in K.

The tgmperatures G and 6y, in degrees Celsius above are as follows;

— fonlICs:
6.4 - reference virtual (eqaivalent) junction temperature;

6oh : actual virtual (equivalent) junction temperature;

— fonldiscrete semiconductors and optoelectronic components:
6:ds - referencesjunction temperature;

Oop : actual.junction temperature;

— for capacitors:

gref - Advieldyt (*) ICfUIUIIUU uapau;t\.u tclllpclatulc,
Oop : average (*) actual capacitor temperature;

— for resistors:
6o - @verage (*) reference temperature of the resistor element (for example, film);

Hop: average (*) actual temperature of the resistor element;

— for inductors:
e - @verage (*) reference temperature of the winding;

Oop : average (*) actual temperature of the winding;

— for other electric components:
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e - @verage (*) reference ambient temperature;

op : average (*) actual ambient temperature;

NOTE

5.2.5

(*) In this case average means “over the entire body of the component”.

Environmental application factor, zg

Some data handbooks contain guidance on transferring a failure rate estimate from one
general environmental condition to another. The concept is logical, but it carries some risk.
For that reason, this document focuses more on situations where base failure rates are
gathered from environment conditions which are similar to those applied to the component in

practi

The in
on the

field ipstead of in protected rooms (laboratory conditions), the influence on-the environ

applic
compq
extra

applic
and it
these

equipment.

If the
enviro

such an environmental application factor means.{0"assume that a more severe enviro

cause

manngr. There are situations where this assumption is wrong. When a component de

e.

fluence of environmental application conditions on the component depends{€sssd
design of equipment; for example by using the equipment on ships or in\the auto

htion conditions can be minimized, and in some cases can be removed entirely|
nent is protected in some way within the equipment. Of course(this will require

htion influence occurs depends therefore essentially on thehequipment manufa

is the duty of an organization to design for a specific environment or if the img
stresses cannot be avoided, then specific studies are fiecessary for these pie

only failure rate data books available came./from a source with very di
nmental conditions, the need for an environmental application factor arises. T

5 the activation of internal failure mechanisms in a predictable, more or less

ntially
otive
ental
if the
some

design effort and so may not be worth doing in all cases. Whether an environfental

cturer
act of
ces of

ferent
0 use
hment
linear
sighed

for grpund equipment is used under severe shock and vibration conditions — these can
destrgy all components in a few hours — a zg-factor could be calculated, but s not
meanipgful. The best practical solution should be to not use the component inp that
envirgnment, but that is not always possible.
The environmental application_factor, zg, should therefore be handled with care.
Table 4 — Environmental application factor, 7
Sfationary use)at weather- Stationary use at partially Portable and non-stationary use,
protected\locations weather-protected or non- ground vehicle installatipn
weather-protected locations
E1 E2 E3
1 2 4

NOTE Failure rate data books from a component supplier will often give guidance on how to transfer the failure
rate to other operating and environmental conditions.

5.2.6

Dependence on switching rate, zg

The factor 7zg considers the number of operating cycles per hour, S, and only applies for

relays

in this document.

Factor g is not defined for §<0,01.

a) «

S =1 for 0,01§SSSref

(7)
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b) s :S/Sref for S > Sref
where
S is the number of operating cycles per hour;

S ref

is the reference number of operating cycles per hour.

(8)

NOTE The factor zy can be as much as 100 for hermetically sealed contacts, normally closed, or non-sealed
contacts, normally open under small loads.

5.2.7

This 1
clausq

5.2.8

Other
depen

At pre

Dependence on electrical stress, zgg

-factor 1s only applicable to certain devices and is explained In detail in the\
S.

Other factors of influence

stress factors are given for individual types of components in Clauses|6 to 20 wh4g
dence is known.

sent, no generally applicable conversion methods can be _given for the depende

the failure rate on humidity, air pressure, mechanical stress, etg.

Stresq factors will have to be based on vendor/user history in similar applicatig

appro

If the

If the
be af

briate testing.
ailure rate dependence of these types of stress is known, it should be considered.

Hependence of the failure rate under these types of stress is unknown but is exped
inction of these types of stress, appropriate studies may be necessary.

6 Integrated semiconductor circuits

6.1

Specific reference conditions

The following recommendations for reference temperatures given in Table 5 to Table

based
applic

The r

on a componentyambient temperature of 40 °C and correspond to the majo
htions of components in equipment.

pference (self-heating, ATiss = Bef X Rty amp » Should be given when using refe

tempefratures:other that those stated in the tables.

For a

elated

re the

hce of

ns or

ted to

9 are
rity of

rence

, one

phyintegrated circuit there are two thermal resistances generally considered

between the junction and the case, and the other between the case and the environment. The
thermal resistance, Ry, smp. a@bove, should be the one that is most significant in the

application under consideration.

When stating a failure rate for an ambient temperature of 40 °C, the reference power
dissipation, R, and the thermal resistance, Ry, gmp . to the environment for which this value

holds,

should also be given.
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Component Oref Note

°C

Bipolar RAM, FIFO static 75
PROM 75

MOS, CMOS, RAM dynamic 55
BICMOS RAM, FIFO static slow (> 30 ns) 55

static fast (< 30 ns) -

ROM mask 55

EPROM, OTPROM UV erasable 55

FLASH 55

EEPROM, EAROM 55

Table 6 — Microprocessors and peripherals, microcontrollers and signal processors

0 ref
Component 'R Note
£C
Bipola 70
No. of transistors < 50 000 70
NMOS
No. of transistors > 50 000 90
No. of transistors < 5 000 50
No. of transistors > 5 000 to 50 000 60
CMOS
No. of transistors > 50 000 to 500 000 80
No. of transistors > 500 000 90
BICMQS 75

Taple 7 — Digital logic families_and bus interfaces, bus driver and receiver circuits

4
Compo6nent ref Reference
o voltage
C 3
Bipola TTL, -LS, -A¢L)S, -F Logic 45
Bus interface 55
TTL S Logic + bus interface 80 —
ECL 10 000 65
100 000 75
10(LV)E(L) / 100(LV)E(1)(P) 60
CMOS HCMOS, CMOS B, ACMOS (FCT, HC, A(U),C, LVX),
(LVC, LCX, LV) (VCX, ALVC, AVC, AHC, VHC) 45
Logic
Analog switches, Bus interface
- Ut =5V
Bus interface GTL(p) 50
Bus driver / receiver RS422, RS423, RS485, CAN, 55
etc. RS232, RS644/899, CML, etc. .
BICMOS Logic 45
Bus interface ABT, BCT 50
LVT, ALVT 50
GTL(p) 50
BTL, ETL 95
Bus driver / receiver 55
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Table 8 — Analog ICs

Component O ret Reference
P oc voltage ratio
Operational amplifiers, comparators and Bipolar, BIFET 55 Uref /Urat = 0.7
voltage monitors CMOS 45 ref/Zrat =%
Reference elements all technologies 45
Switch regulators all technologies 55
Power amplifiers and regulators <1 W 70
(all technologies) >1W 90
High frequency IC (> 100 MHz) ~)
HF mojdulator, demodulator PLL, VCO bipolar 65
CMOS, BICMOS 45
Transnitter, receiver bipolar 70
CMOS, BICMOS 45
Power|amplifier / receiver GaAs 80
Table 9 — Application-specific ICs (ASICs)
gref
Component Note
°C
ASICs| Full custom, Gate arrays, Telecom ICs, A/D-Converters
Bipola TTL 55
ECL 70
HV (> 50 V) 80
NMOS 55
CMOS| BICMOS digital, analog / mixed o) of transistors < 50 000 55
No. of transistors >50 000 to 50 x 108 70
No. of transistors >50 x 108 80
HV (> 50 V) 75
Progragmmable ASICs (PLD):non erasable
Bipola TTL 80
ECGL 85
CMOS (anti-fuses) 80
Progragmmable-ASICs (PLD) erasable
NMOS} CMOS RAM basis 80
EPROM basis No. of transistors <5 000 70
EEPROM basis No. of transistors > 5 000 80
Flash-EPROM 80

6.2 Specific stress models
6.2.1 General

The specific stress models are given for converting the failure rates between different
conditions. These stress models contain constants, which are average values for the
individual component types, from various manufacturers, determined from field experience
and laboratory tests.

A = Jef XTY X TT for digital CMOS and bipolar analog ICs (9)
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A = Aref X 7T for all other ICs (10)

The stress factors for voltage and temperature dependence are specified in 6.2.2 and 6.2.3
respectively.

6.2.2 Voltage dependence, factor 7

The voltage dependence is only taken into account for digital CMOS and bipolar analog ICs,
according to Equation (3). The constants C4, C, and C; given in Table 10 are used, unless
other values are stated. The results are shown in Table 11 and Table 12.

Table 10 — Constants for voltage dependence

Integrated circuit Uref [Urat Uret Cy Cy Cs
Digithl CMOS-family _ 5V 0,1 V-1 1

Analgg 0,7 - - 3.4 1,4

Table 11 — Factor 7 for digital CMOS-family)ICs

op (V) <3 4 5 6 7 8 9 10Nt 11 12 | 13 | 14 || 15

Factor 7y 0,8 0,9 1 1,1 1,2 1,3 1,5 1,6 1,8 2,0 2,2 2,5 2,7

Table 12 - Factor 7 for bipolar analog ICs

Uop [Urat <0,3 0,4 0:5 0,6 0,7 0,8 0,9 0

Factor 7 0,75 0,77 0,80 0,87 1,0 1,3 1,8 B,0

6.2.3 Temperature dependence, factor =t

The reglationship given in Equation (6) applies only up to the rated junction temperaturg. The
constants 4, Eaq and Eay'given in Table 13 are used, unless other values have been gtated.
The rgsults are shown imyTable 14 and Table 15.

Table 13 — Constants for temperature dependence

A Ea, Ea,

(eV) (eV)

ICs(éxcept EPROM. OTPROM, EEPROM, EAROM) 0.9 0.3 0.7
EPROM, OTPROM, EEPROM, EAROM 0,3 0,3 0,6

The factor =7 is obtained from Table 14 and Table 15:
— as a function of the actual virtual (equivalent) junction temperature;

Oop = Gamb + Fop X Rih amb in degrees Celsius,

(11)

and as a function of the virtual (equivalent) junction temperature under reference
conditions (see 6.1);

Oref =40 + AT ¢ in degrees Celsius, (12)
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where AT, is measured or calculated as ATt = Fgf X Rin amp -



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 © |IEC 2017

—34 -

8¢¢

96

G9 194 8¢ 8l L 98 L9 Z's 0y Le €'C 8l €l 3 G.'0 | G50 L¥'0 €0 zzo 910 3]
SlI 0S1 ovi (1191 ozl oLl 00l G6 06 S8 08 SL 0L <S9 09 SS 0S S ov g€ o€ G¢> (1°9 @0s)
ol o2
dog a0y L aojoey pig
WO¥V3 {NOYdIT ‘INOYUdLO ‘NOUdI-HSV 14 {INOMdT 104 1z 10joe4 — G} PIgeL
€c G'8 9‘g L'e v'e Gl 3 18°0 [ G9°'0 | €50 | €¥'0 | s€'0 | 82°0 | €20} 6L°0 | SL'O| €10 L0 800 690°0 950°0 9700 (0]0]%
6¢ L A 9y € 6l A" 3 18°0 | G9'0 | €50 | €¥'0 | s€'0 [«BC'0 | €20 | 6L°0 | 9L°0 | €170 10 G80°0 200 1500 G6
9¢€ €l 18 9 L'e v'e Gl A" 3 18°0 | 99°0 | €50 | €v{O| s€‘0 | 620 | ¥2'0 | 6L°0 | 9L°0 €10 Lo 980°0 100 06
144 9l L yA S'y 6'C 6l Gl A" 3 18°0 | 99°0 \PS‘0 | ¥¥'0 | 9€'0 | 620 | Y20 | ZO 910 €L'0 (] 1800 g8
14°] 0¢ €l 98 69°S 9'c €c 6l Gl A" 3 18'0 | 99°0 | ¥S0 | ¥¥'0 | 9€'0 | 62'0 | ¥Z'O zo 9lL‘0 €Lo L0 08
19 14 9l L 6'9 S'y 6'C €c 6l Gl A" 3 18°0 | 99°0 | ¥S0 | ¥¥'0 | 9€'0 | €0 ¥2‘0 Z'o 9L‘0 €10 S/
Z8 (019 0¢ €l G'g G'g 9'c 6'c €'c 6l Gl z'l 3 28'0 | L9°0 | ¥S'0 | S¥'0 | L€0 €0 ¥2'0 A 910 0.
(0]0] L€ ve 9l ol L9 vy G'e 8'c €C 6l Sl A" 3 28'0 | 290 | sS0 | s¥'0 €0 €0 ve'o Al S9
€cl 14 0€ 0¢ €l A €s ey G'e 82 €'C 8l Sl A" 3 28'0 | 190 | SS‘0 S0 L€°0 €0 ¥2‘0 09
0§l 9g L€ 144 9l (013 G'9 €'s z'v v'e 8 €'z 8'l Gl z'l b 28'0 | 19 G50 G¥'0 L€°0 €0 GG
14°1 89 Sy 6¢ 6l cl 8 ¥‘9 2e Z'v v'e 8'c zc 8l Sl A" l 280 190 GS'0 S¥'0 9e‘0 0S
Gce €8 GG 9¢€ €¢c Sl L'6 8L €9 LG L'y v'e L'z z'c 8'l G'l Z'L l z8'0 190 ¥S0 ‘0 Sy
G/l¢ | c¢0l 19 144 8¢ 8l cl 9'6 L'l €9 LG L'y €'e L' zc 8l Gl A" l 280 190 S0 (014
SlI 0S1 ovi (1141 ozl oLl 00 S6 06 S8 08 SL 0L <S9 09 SS 0S Sv ov 1> 0€ G¢> (19 @9s)
Do Oo
doy oy Llu 1oyoey ®lg

(NOYV3 {INOUdIT (INOULO ‘INOUdI-HSV1d (NOUdIT INoyum) soj 1oy Lx a0)oe4 — p| d|qel



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 © IEC 2017 -35-

7 Discrete semiconductors

71

Specific reference conditions

The following recommendations for reference temperatures given in Table 16 to Table 19 are

based

on a component ambient temperature of 40 °C and correspond to the majority of

applications of components in equipment.

The reference self-heating, AT = Ret X Rin amp » Should be given when using other reference

temperatures than those stated in the tables. When stating a failure rate for an ambient
tempefrature of 40 °C, the reference power dissipation, P, and the thermal resistance,
Rin anfp - to the environment for which this value holds, should also be given.
For discrete semiconductors there are two thermal resistances generally~considered; one
betwegn the junction and the case, the other between the case and the environmenf. The
thermal resistance, Ry, amp. above, should be the one that is mesb ‘significant [n the
applicption under consideration.
Table 16 — Transistors common, low frequency
c O ref Reference
omponent .
°c voltage rptio
Bipolgr, universal e.g. TO18, TO92, SOT(D)(3)23 or similar 55
Trans|stor arrays 55
Bipoldr, low power e.g. TO5, TO39, SOT223, SO8,’SMA-SMC 85
Bipoldr, power e.g. TO3, TO220,D(D)-Pack 100 Uref /Urat § 05
FET junction 55
MOS 55
MOS power (SIPMOS) e.g. TO8,"T0220, D(D)-Pack 100
Table 17 — Transistors, microwave, (e.g. RF > 800 MHz)
O ref Reference
Component !
°c voltage rptio
Bipolgr wide band, small signal 55
power 125
GaAs|FET small signal low noise 95
medium power 110 Uref /Urat § 05
high power 145
MOSHET wide band, small signal 55
power 125
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Table 18 — Diodes

gref
Component Note
°C
Universal diode (also with avalanche characteristics) 55
Schottky diode 55
Limiting diode (suppressor diode) 40
Zener diode (P, , <1 W) voltage protection® 40
Zener diode, power stabilization® 100
Reference diode 45
Microwave diode small signal detector diode 45
capacitance diode 45 "\
mixer diode 70
pin diode 55
Microyave diode, power storage varactor 100
gun diode 160
impatt diode 180
pin diode 100
High-yoltage rectifier diode 85
a2 |If |applied for voltage protection the calculation can be made without 'accounting for self-hpating
(Hres = 40°C).
b If ised for stabilization then the calculation should take self-heating intd«@gcount.

Table 19 — Power semiconductors

Component Oref Note
°C
Rectiffer diodes (also with avalanche characteristics) 70
Rectiffer bridges 85
Schotiky diodes 85
Thyrisltors 85 o
Triacsl, diacs 85
Speciflized and custom-made_power semiconductors consult manufacturer

7.2 |Specific stress models
7.21 General

The dpecifie=stress models are given for converting the failure rates between different
conditjonst.These stress models contain constants which are average values for the ind{vidual
compgnent types from various manufacturers (determined from field experienc¢ and
laboratory tests).

The failure rate under operating conditions, from Equation (2), is as follows:
A = Apet X Ty X AT for transistors (13)

A = et X 7T for diodes and power semiconductors (14)

NOTE 1 Diodes refer to general purpose diodes, Schottky diodes, voltage regulators and Zener diodes.

NOTE 2 Power semiconductors refer to rectifier diodes, bridge diodes, thyristors, triacs and diacs.

The stress factors for voltage and temperature dependence are given in 7.2.2 and 7.2.3
respectively. Current may also be a significant factor.
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7.2.2 Voltage dependence for transistors, factor 7

- 37—

The voltage dependence is only taken into account for transistors according to Equation (3).
The constants C, and C5 given in Table 20 are used, unless other values are stated. The
results are shown in Table 21.

Table 20 — Constants for voltage dependence of transistors

Uref /Urat

G

G

0,5

8,0

1.4

Table 21 - Factor 7 for transistors

Uop/Urat

<0,6

0,65

0,7

0,75

0,8

0,85

0,9

0,95

Factor 7y

1

1,04

1,08

1,14

1,26

1,46

1,82

2,52

7.2.3 Temperature dependence, factor =t

temp
have

rature. The constants 4, Eaq and Ea, given in Table-22 are used, unless other

The L?Ilationship given in Equation (6) applies only up to the twaximum permissible junction
een stated. The results are shown in Table 23 and_Table 24.

Table 22 — Constants for temperature dependence of discrete semiconductors

Power semiconductors 2@

Component A Ea , Ea,

(eV) (eV)

Transistors, reference and microwave diodes 0,9 0,3 0,7
Diodes (without reference and mierowave diodes) 10 0.4

2 Rectifier diodes, bridge rectifiers, Schottky diodes, thyristors, triacs and diacs

The fgdctor 77 is obtained from Table 23 and Table 24:

— as|a function.6fthe actual junction temperature;

D

bp = Gamb+ Fop X Rth amb

in degrees Celsius,

— anp\as”a function of the junction temperature under reference conditions (see 7.1);

Oret =40 + AT e

in degrees Celsius,

where AT, is measured or calculated as ATger = Fef X Rip amp -

alues

(15)

(16)
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8 Optoelectronic components

8.1 Specific reference conditions

The following recommendations for reference temperatures given in Table 25 to Table 29 are
based on a component ambient temperature of 40 °C and correspond to the majority of

applications of components in equipment.

The reference self-heating, ATt = Fef X Rih amb» Should be given when using reference

temperatures other than those stated in the tables.

When| stating a failure rate for an ambient temperature of 40 °C, the reference” [power
dissipgtion, R, and the thermal resistance, R amp . to the environment for which this| value
holds,|should also be given.
For optoelectronic components there are two thermal resistances genetally consideredl: one
betwepn the junction and the case, the other between the case and the environmenf. The
thermal resistance, Ry amp. above, should be the one that i§ymost significant [n the
applicption under consideration.
Table 25 — Optoelectronic semiconductot_signal receivers
Reference junction
Comoonent tempaerature Referenke
P ref voltage ratio
°C
Phototransistor plastic and hermetically enclosed 45 Uref /Urat 05
Photodiode (Si and Si PIN, InP, InP APD, Ge,~Gé APD) 45
Photolelement 45
Detector module 40
Solar component 40
Table 26~ LEDs, IREDs, laser diodes and transmitter components
Reference junction
temperature Referenke
Component O ref current ratio
°C
LED Misible light +5
(radial and SMT, large power packages (> 100 mA DC)) Iref/[rat =05
LED IRED ((Al)GaAs, InP) 75
Laser diode (GaAs 880 nm, InP 1 300 nm, InP 1 500 nm) 75
Laser array, pump laser / pump laser cooled (GaAS 980 nm, InP 45

1480 nm)

Laser-transmitter modules

consult manufacturer

Displays (LED) 55
Displays (LCD, vacuum florescence) consult manufacturer
Semiconductor optical amplifier (SOA) 45
Fibre (EDFA) consult manufacturer
Modulators (InP, LiNbO,) 40



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

-40 - IEC 61709:2017 © IEC 2017

Table 27 — Optocouplers and light barriers

Reference junction
temperature
Component 0 ref Note

°C
Optocoupler with bipolar output 55
with FET output 65
with subsequent electronics 55

with subsequent power electronics 65 -
Light parrier with diode output / transistor output 55
with subsequent electronics 55

Table 28 — Passive optical components

Reference junction
temperature
Component s Note

°C
Optical waveguide connector (n-fold) 40
Optical fibre pigtail (one driver and one connector) 40
Fibre 40
Dispefsion compensating fibre (DCF) 40
Isolatprs 40
Circulptors 40 No temperature
Optical multiplexer, demultiplexer (thin film, arrayed-waveguide 40 dependencg to
grating (AWG)) consider
Optical attenuators (fixed value, electromechanical) 40
Switch (electromagnetical, MEMs) 40
Coupler, splitter, filter (thin film, Bragg) 40

Table 29 ~Transceiver, transponder and optical sub-equipment

Reference junction
temperature
Component 0 ref Note
°C
Transceiver, Transponder SFF, SFP 20
Xponder / Long haul tuneable
Optical spectrum analyzer (OPA, complex / OSA, complex)
i i i Consult o

Active dispersion compensator

manufacturer
Wavelength selective switch
Wavelength blocker
Ground trip current (GTC) interrupter 40 No temperature
(electro-mechanical) dependence to

consider
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8.2 Specific stress models

8.2.1 General

The specific stress models are given for converting the failure rates between different
conditions. These stress models contain constants. They are average values for the individual

component types from various manufacturers (determined from field experience and
laboratory tests).

The failure rate under operating conditions according to Equation (2) is:

1 =2 Z Py for Inhr\fni’rnnciei‘nre (’]7)

A = Aref X 7T for other optical semiconductor signal receivers, (18)
optocouplers and light barriers,
optical waveguide connectors, optical fibre pigtails,
transceivers, transponders

A = Aeef X T X T for light-emitting diodes (LEDs) and infrargdsemitting (19)
diodes (IREDs)

A = Aot for other optical components (20)

The sfress factors for voltage, current, and temperature dependence are given in 82.2 to
8.2.4.

8.2.2 Voltage dependence, factor ry

The yoltage dependence is only taken int¢’ account for phototransistors according to
Equatfon (3). The constants C, and C; givenrin Table 30 are used, unless other valugs are
stated| The results are shown in Table 31

Table 30 — Constants fon voltage dependence of phototransistors

U'ef

-] C. C
Urat 2 3
0,5 8,0 1,4

Table 31 — Factor 7y for phototransistors

U
op <0,6|065| 07 |075| 0,8 [0,85] 0,9 |0,95]| 1
Urat

Factor 7 1 1,04 | 1,08 1,14 | 1,26 [ 1,46 | 1,82 252 4

8.2.3 Current dependence, factor 7

The current dependence is only taken into account for LEDs and IREDs, according to
Equation (4). The constants C, and Cg given in Table 32 are used, unless other values are
stated. The results are shown in Table 33.
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Table 32 — Constants for current dependence of LEDs and IREDs
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8.2.4

have

Table 34 — Constants for temperature dependence of‘optoelectronic componen

lref
et C c
]rat 4 5
0,5 1,4 8,0
Table 33 — Factor 7 for LEDs and IREDs
I
op <0,6|065| 07 |075| 0,8 |0,85]| 0,9 | 0,95
*’ra't
Factor 7 1 1,04 | 1,08 | 1,14 | 1,26 | 1,46 | 1,82 | 2,52

Temperature dependence, factor =t

Component Ea,
(eV)

Optical semiconductor signal receiver Si 0,3
InP 0,7

Ge 0,6

Light-emitting diodes (LED) 0,65
Infrared-emitting diodes (IRED) (Al)GaAs 0,65
InP 1,0

Semiconductor laser. GaAs 0,6
InP 0,8

Optocoupler and light barriers 0,5
Optical waveguide connector; optical fibre pigtail 0,3
Transceiver, transponder 0,4

The fgdctor 7zg\is obtained from Table 35:

— as|adunction of the actual junction temperature;

The relationship given in Equation (5) applies only up to the maximum)permissible junction
temp%Irature. The values for the constant Ea4 given in Table 34 are-used, unless other
een stated. The results are shown in Table 35.

alues

its

Oop = Gamb + Fop X Rth amb in degrees Celsius,

— and as a function of the junction temperature under reference conditions (see 8.1);

Oref =40 + ATiet

in degrees Celsius,

where AT is measured or calculated as ATt = Fer X Rip amb -

(21)

(22)
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Table 35 — Factor =1 for optical components

Optical semiconductor signal receiver

Factor 71 for aop

O ref

oC OC
<25 | 30 35 40 45 50 55 60 65 70 75 80 85 [ 90 95 100
) 40 | 0,57 | 0,69 | 0,83 1 1,2 1.4 1,7 2 2,3 26 | 31 3,5 4 46 | 53 6
Sl 45 10,48 | 0,58 | 0,7 | 0,84 1 1,2 1,4 1,6 1,9 22 | 26 3 34 39| 44 5
40 | 0,27 | 0,42 | 0,66 1 1,5 2,2 3,3 4,8 6,8 9,7 14 19 26 36 48 65
nP 4p [ 0,18 | 0,28 | U,44 | U,060 1 .5 Z,Z 3,2 T 5 0.4 9 T3 T7 pL 32 43
Ge 4p | 0,33 | 0,48 | 0,7 1 1,4 2 2,8 3,8 5,2 7 9,4 12 16 | 21 28 36
4p | 0,23 | 0,34 | 0,49 | 0,7 1 1,4 1,9 2,7 3,7 49 | 6,6 | 88 12 15 20 25

LED (visible|light and IRED)

Factor 71 for 90p
0 lef
°C

<25 | 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

\J

b ( 0,20 | 0,31 | 0,46 | 0,68 1 1,4 21 2,9 4,1 56( 17,7 11 14 19 25 33

b 10,026 | 0,04 | 0,06 (0,088 0,13 | 0,19 | 0,27 | 0,38 | 0,53([)0,73 1 1,4 | 1,8 |24 |]|3.2 4,3

4

(Al)GaAs| 5p (0,099| 0,15 | 0,22 | 0,33 | 0,49 | 0,7 1 1,4 2 2,7 3,7 5,1 6,9 | 9,2 12 16
7
7

InP

b (0,004 (0,007 {0,013 0,024 ]0,043|0,076| 0,13 | 0,22 |/0y37 | 0,62 1 1.6 | 2,5 4 6,1 9,3

[Semicondudtor laser

FactorJzT for 90p

2%
oM OC
[ <25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
GaAs 7p (0,035]0,051(0,074| 0,11 | 0,15 | 0,2% 0,3 0,41 [ 0,55 | 0,75 1 1,3 1,7 | 2,3 3 3,8
InP 7p |0,035(0,051]0,074| 0,11 | 0,15.(0,21 0,3 0,41 | 0,55 | 0,75 1 1,3 1,7 | 2,3 3 3,8

Optocoupler and light barrier

Factor 71 for 90p
°C
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

2%

N
”

5p | 0,17 | 0,23| 032 | 0,43 | 0,57 | 0,76 1 1,3 1,7 22 (28| 35 |44 (55 (|68 8,5

6p | 0,1 [ 0141 0,19 | 0,25 | 0,34 | 0,45 | 0,59 | 0,77 1 1,3 | 1,6 [ 2,07 |26 | 3,3 4,05 | 5,01

Optical waveguide connector; optical fibre pigtail; modulator; wavelength selective switch; wavelength blgpcker

Factor 71 for 90p
°C
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

6 et

40 | 0,57 | 0,69 | 0,83 1 1,2 1,4 1,7 2 2,3 2,6 | 3,1 3,5 4 46 | 53 6

Transceiver, transponder

Factor 71 for aop
‘9ref

°C

°C
<25 | 30 35 40 45 50 55 60 65 70 75 80 85 | 90 95 100

40 | 0,47 | 0,61 | 0,79 1 1,3 1,6 2 2,4 3 3,7 |44 |54 |65 |77 ]| 92 11
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9 Capacitors

9.1 Specific reference conditions

The recommendations for reference temperatures given in Table 36 are based on a
component ambient temperature of 40 °C and correspond to the majority of applications of
components in equipment.

Table 36 — Capacitors

Reference
capacitor
Tvpe of capacitor temperature Reference
yp P O ref voltage ratio
°C
Metallffoil
Polystyrol, polypropylene, polycarbonate, polyethylene terephthalate
Metallized film
Polypropylene, polycarbonate, polyethylene terephthalate, acetyl
cellulgse
Metallized paper (film)

; 50 % of ratqd
Mica 40 voltage at 4P °C
Glass|

Uref | Urat 40,5
Acety| cellulose
Ceramic
Depogited capacitors for hybrid circuits
Tantajum electrolytic
— npn-solid electrolyte
— solid electrolyte
Alumihium electrolytic 80 % of ratqd
— npn-solid electrolyte 40 voltage at 40 °C
— soplid and polymer electrolyte Uref Urat =08
Varialple 40 ----
9.2 |Specific stress model
9.2.1 General
The fdilure_rate under operating conditions according to Equation (2) is:
l= jlcf X T X (23)

NOTE Aluminium electrolytic components with non-solid electrolyte are electrochemical components with an
especially wide technology range. Therefore the given constants and factors are just estimates of the values. More
specific values can be given in the relevant component specifications or can be agreed upon between user and
manufacturer.

The stress factors for voltage and temperature dependence are given in 9.2.2 and 9.2.3.

9.2.2 Voltage dependence, factor z

The voltage dependence is only taken into account for fixed capacitors, according to
Equation (3).

For variable capacitors, 7y =1.
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The constants ¢, and c5 given in Table 37 are used, unless other values are stated. The
results are shown in Table 38.

Table 37 — Constants for voltage dependence of capacitors

. Uref
Type of capacitor T C, C,
rat

Paper, metallized paper

Metallized polypropylene film

Metallized zoI::ZthSI):ene terephthalate film 0.5 1,07 3.4

Polycarbonate film metal foil

Metallized polycarbonate film 0.5 150 4,96

Polystyrene film

Polyethylene terephthalate film metal foil 0,5 1,29 4,0

Polypropylene film metal foil

Glass 0,5 1,11 4,33

Mica 0,5 1012 2,98

Ceramic 0,5 1,0 4,0

Deposited capacitors for hybrid circuits 0,5 1,0 4,0

Aluminium electrolytic, non-solid electrolyte 0,8 1,0 1,36

Aluminium electrolytic, solid electrolyte 0:8 1,9 3,0

Tantalum electrolytic, non-solid electrolyte 0,5 1,0 1,05

Tantalum electrolytic, solid electrolyte 0,5 1,04 9,8

Table 38 — Factor 7 for capacitors
Factor 7y for Ug, /Upyt

Type of capacitor 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Paper, netallized paper
MetallizZed polypropylene film
MetalliZed polyethylene terephthalate film 0.26 10,36 1 0,501 0.7 1 1.0 1140} 20 | 2.9 | 4.2/} 6.1
MetallizZed cellulose acetate'film
Polycarponate film metal foil
MetalliZed polycarbenate film 0.23 10,30 1 04210631 1.0 | 1.7 | 29 | 52 98 19
Polystygene film
Polyethyleneterephthalate film metal foil 0,24 | 0,32 | 0,45 | 0,66 [ 1,0 1,5 2,4 3,9 6,4 11
Polypropyfene film metal foil
Glass 6749102610421 0;64T—+90 +6 255 46 673 10
Mica 0,32 | 0,42 [ 0,55 [ 0,74 | 1,0 1,4 1,9 2,6 3,6 5
Ceramic 0,20 | 0,30 | 0,45 | 0,67 | 1,0 1,5 2,2 3,3 5,0 7,4
Deposited capacitors for hybrid circuits 0,20 | 0,30 | 0,45 | 0,67 1,0 1,5 2,2 3,3 5,0 7,4

Aluminium electrolytic, non-solid electrolyte | 0,39 | 0,44 | 0,51 | 0,58 | 0,67 | 0,76 | 0,87 | 1,0 1,2 1,3

Aluminium electrolytic,

) 0,15 ( 0,16 | 0,19 | 0,24 | 0,31 | 0,44 [ 0,64 | 1,0 1,6 2,8
solid electrolyte

Tantalum electrolytic, non-solid electrolyte 0,66 | 0,73 | 0,81 | 0,90 1,0 1,1 1,2 1,4 1,5 1,7

Tantalum electrolytic, solid electrolyte 0,02110,054( 0,14 | 0,37 1,0 2,7 7,4 20 56 154
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The relationship given in Equation (6) applies only up to the maximum permissible component
temperature. The constants 4, Ea, and Ea, given in Table 39 are used, unless other values

have been stated. The results are shown in Table 40.

The f4

Table 39 — Constants for temperature dependence of capacitors

as

D

wh

Type of capacitor A Ea, Ea,
eV eV

Pa'm:-r
Metallized paper
Metallized polypropylene film
Metallized polyethylene terephthalate
film
Metallized acetyl cellulose film 0,999 0.5 1,59
Polyethylene terephthalate film metal foil
Polypropylene film metal foil
Polystyrene film metal foil
Metallized paper film
Polycarbonate film metal foil, 0,998 0,57 1,63
Metallized polycarbonate film
Glass, mica 0,86 Q,27 0,84
Ceramic 1,0 0,35 -
Deposited capacitors for hybrid circuits 1,0 0,15 -
Aluminium electrolytic, non-solid 0,87 0,5 0,95
electrolyte
Aluminium electrolytic, solid electrolyte 0,40 0,14 0
Tantalum electrolytic, non-solid 0,35 0,54 0
electrolyte
Tantalum electrolytic, solid.electrolyte 0,961 0,27 1,1
Variable 1,0 0,15 -

bp = aamb + AT

an

Oof = 40°C

ctor zt is obtained from-/Table 40:

a function of thecactual capacitor temperature;

in degrees Celsius,

ere AT-is the temperature change due to operating conditions;

\as”a function of the capacitor temperature under reference conditions (see Tablg

(24)

36);

(25)
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Table 40 — Factor » for capacitors

Capacitor Factor 71 for
temperature T Oop
under oca
i reference
Type of capacitor conditions
6 ref <2030 |40 | 50 (60 | 70 ([ 80 | 85 | 90 |100 (105|110 (120|125
°C

Paper,

Metallized paper,

Metallized polypropylene

film,

Metalljzed polyethylene

terepHtthalate film,

Metalljzed acetyl cellulose

film, 40 0,28 10,54(1,01,8(3,1]52| 9 |12 | 16 | 33 |49 [ 77 |210(350
Polyethylene terephthalate

film mietal foil,

Polypfopylene film metal

foil,

Polysflyrene film metal foil,

Metalljzed paper film

Polycarbonate film metal

foil, 40 0,24 10,50(1,0{1,9(3,6 6,713 | 18 | 27 | 63 |100 (170 |%$10 (900
Metalljzed polycarbonate

film

Glass| mica 40 0,4510,67(1,0 |1,5|25\4,2|7,5| 10| - - - - - -
Ceranjic 40 0,4110,65(1,01,5[2,2|3,1|4,4|51| 6 |81]93|11 |14 |16
Alumipium electrolytic, 40 0,26 [0,51] 1,0 0,0 3,7 | 7,2 | 14 | 20 | 28 | 55 | 77 | 110|210 [290
non-s¢lid electrolyte

Depogited capacitors for 40 0,68 [0,83[30 [ 1,214 16|19 2 |[22|25]2,6(28]|B,1]3,3
hybrid| circuits

Alumipium electrolytic, 40 08811059410 [1.1[1.2]1,2|1.3] 1414|1516 |1.6[0.8]1.8
solid glectrolyte

Tantalum electrolytic, non- 40 o074 o83l 1011311827 4 5 ) B ) B B }
solid glectrolyte ’ ’ ’ ’ ’ ’

Tantalum electrolytic, solid 40 049 (0,7 (1,0 [1.45(22 37| 7 | 10 | 15 | 32 | 49 | 73 |}70|250
electrplyte

Varialjle 40 0,68 10,83(1,01,2(1,4|16([1,9] 2 |2,2|25|26(2,8]|B,1[3,3
a8  The relationships given apply up to the rated capacitor temperature only.

10 Resistors-and resistor networks

10.1 [Specific reference conditions
The recommendations for reference resistor element temperatures given in Table 41 are

based on a component ambient temperature of 40 °C and correspond to the majority of
applications of components in equipment. The reference self-heating, AT, ., should be given

when using other reference temperatures.
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Reference resistor

element temperature

Component Oref pi?l::err;i?o

°C

Carbon film 55

Metal film 55

Deposited thin film resistors for hybrid circuits 55

Deposited thick film resistors for hybrid circuits 55 050(3NZ} c;ft Téeodo

Networks (film circuits) per resistor element 55 Pref/Prat =05

Metal-oxide 85

Wire-wound 85

Variable 55

10.2
10.2.1

The f4

The sfress factors for temperature dependence are given in 10.2.2.

10.2.2

Specific stress models

General

A= Aref X7

Temperature dependence, factor, 7t

ilure rate under operating conditions according to Equation (2) is:

(26)

The relationship given in Equation (6)\applies only up to the maximum permissible ré¢sistor

eleme
valueg

The f4

nt temperature. The constants(4, Ea, and Ea, given in Table 42 are used, unlesg
have been stated. The results are shown in Table 43.

Table 42 — Constants for temperature dependence of resistors

A Ea, Ea,
eV eV
0,873 0,16 0,44

ctor 77 is obtained from Table 43:

other

— as a function of the average actual temperature of the resistor element;

90p = ‘gamb + AT

in degrees Celsius,

(27)

where, AT:PopXRth,amb=(9max—40)X(Pop/Prat) in degrees Celsius, is the temperature

change due to operation (with 6,5, @as maximum resistor element temperature);

— and as a function of the average temperature of the resistor element under reference
conditions (see Table 41);

Href =40+ ATref

(28)
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Table 43 — Factor ot for resistors

0 rof Factor 71 for 90p
Component °C °c
(see 10.1) <25 30 40 50 60 70 80 90 100 | 110 | 120 | 125
55 0,49 (0,56 (0,71 (089 | 1,1 | 1,4 | 1,8 | 22 | 2,8 | 3,6 | 46 | 51
Resistors
85 0,25 0,28 ( 0,35 | 0,45 | 0,56 | 0,71 [ 0,89 | 1,1 1,4 1,8 2,3 2,6
11 Inductors, transformers and colls
11.1 [Reference conditions
The necommendations for reference temperatures given in Table 44 are* based|on a
companent ambient temperature of 40 °C and correspond to the majority of applicatipns of
compgnents in equipment. The reference self-heating, A7, shouldcbe given when|using
other reference temperatures.
Table 44 - Inductors, transformers and-coils
Average reference
winding
temperature Referer{ce
Comppnent .
0 power ratio
ref
°C
Inductprs for EMC applications < 3A 60
> 3A 85 50 % of rated
Low frequency inductors and transformers < 25kHz 55 power at 4( °C
High flequency inductors and transformers >25 kHz 55 Pref/Prat =95
Mains [transformers and transformers for switched-mode power supplies 85
11.2 [Specific stress model
11.2.1 General
The fgilure rate under-operating conditions according to Equation (2) is:
A = Aref X 7T (29)

The silress factors for temperature dependence are given in 11.2.2.

11.2.2

Temperature dependence, factor 71

The relationship given in Equation (6) applies only up to the maximum permissible winding
temperature. The constants 4, Ea, and Ea, given in Table 45 are used, unless other values
have been stated. The results are shown in Table 46.

Table 45 — Constants for temperature dependence
of inductors, transformers and coils

A Ea, Ea,
eV eV
0,996 0,06 1,13
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The factor 77 is obtained from Table 46:
— as a function of the actual average winding temperature;
Oop = Oamp + 4T in degrees Celsius (30)

where AT is the temperature change due to operating conditions;

— and as a function of the average winding temperature under reference conditions (see
Table 44);

Oret = 40 + AT gt in degrees Celsius (31)
where AT, is measured or calculated at 05x B .

Table 46 — Factor ~t for inductors, transformers and coils

O ref Factor 77 for 0,

Comfponent °C °c

(see 11.1) | <25 30 40 50 60 70 80 85 90\ |~100 [ 110 | 120 | 125

55 0,79(0,8210,89]0,96 | 1,1 1,2 1,56 {19 [\23 | 4,3 | 8,8 19 29
Inductors,
transformers, 60 0,75 (0,78 |1 0,84 | 0,91 1 1,1 1,56 | A8~ 2,2 4 8,4 18 27
coils

85 0,43 (0,440,488 |0,52 (0,57 |0,66]0,83 1 1,3 [ 2,3 | 4,8 10 15

12 Mjicrowave devices

12.1 [Specific reference conditions

The rgference conditions are given in Table\47.

Table-47 — Microwave devices

Reference component
temperature

Component Note

0 ref
°C

Microwave elements
Coaxial and, wave guides
Load

Attenuator fixed
Attenuator variable
kixed elements
Directional couplers
Fixed stubs

Cavities

40

Temperature and
Variable elements electrical stress have

Tuned stubs no impact on the
failure rates.

Tuned cavities

Ferrite device (transmitter)
Ferrite device (receiver)
RF/microwave passives
Filter

Isolator

Circulator
Splitter/combiner
Synthesizer

40
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12.2 Specific stress models

No models are currently known from experience in applying temperature and electrical

stresses.

13 Other passive components

13.1 Specific reference conditions

The reference conditions are given in Table 48.

Table 48 — Other passive components

Reference
component
temperature
Component Note
eref
°C
Varistols
PTC thérmistors, NTC thermistors
Surge drresters
Cerami¢ resonators
Filters
Surfacq wave filters (SAW), Surface wave oscillators (SAW-oscillators), Temperatufe and
voltage|controlled oscillators (VCO) 40 electrical sfress

Piezoelpctric components (transducers and sensors)

Crystal

Crystaljoscillators:
XO (clock), VCXO (voltage controlled), TCXQ (temperature
comper|sated), OCXO (oven controlled)

Feed-tHrough capacitors, feed-through filters

Fuses

have no impact on

the failure

rates.

13.2 [Specific stress models

No mpdels are~currently known from experience in applying temperature and eldctrical

stressgs.

14 Electrical connections

14.1 Specific reference conditions

The reference conditions are given in Table 49.
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Conductor 0
Component cross-section ref Reference
R current ratio
mm? c
Solder (manual, machine) -
Wire bond for hybrid circuits (Al, Au) -
Wire- 0,05to0 0,5
Ire-wrap ! °° 50 % of rated
Crimp (manual, machine) 0,05 to 300 current for the
Termi-point 0,11t00,5 40 connected
conductor
P i 8;3-to2
rees Itef [ rat\=[05
Insulatipn displacement 0,05to 1
Screw 0,5to 16
Clamp (elastic force) 0,5to 16

14.2 [Specific stress models

No mpdels are currently known from

stressgs.

15 Cpnnectors and sockets

15.1 |Reference conditions

The rgference conditions are given in Table 50.

Table 50 — Connectors and sockets

experience in applying temperature and electrical

limited| electrical load according*to the data sheet.

Plug-in contacts that arelinfended to be inserted under electrical load

Coaxidl plugs

gref
Component Note
°C
Plug-in contacts that should be inserted.without electrical load (gold or
compafably corrosion-resistant, silver;tin, others)
) . . Operating|current
NOTE| These also include connectors that can be inserted with a 40 within thellimits

stated in the data
sheet

Time geriod:
Duty cycle:
Plugging frequency:

Up to the time interval that 90 % of the components survive.

For the electrical stress, the duty cycle is continuously or intermittently in operating ftate.

< 1 plugging cycle per 1 000 hours.

15.2 Specific stress models

No models are currently known from experience in applying temperature and electrical

stresses.

16 Relays

16.1 Reference conditions

Information contained in Clause 16 does not cover all today’s relays technology.

The reference conditions are given in Table 51.
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Table 51 — Relays

0 rof Reference number of
Component Electrical contact stress operating cycles per
°C hour
Low duty relays: (0,5<U<U,,) VACand
(0 <71<0,1) A by resistive load
General purpose relays: [(0< U<13)V and 40 o =1
(0,1<I<1,,) A by resistive load and AC S
Automotive relays: (0<U<13)Vand
(0,1 <1<1,,) A by resistive load
Operafirg-eurrent-within-the-tmits—stated-in-the-data—sheet
Electrifal contact stress (See stress regions in 16.2.3, Figure 2)
Time geriod: Up to the time interval that 90 % of the relays survive.
Duty cjcle: The duty cycle can be chosen within the limits set by the relay’s specification (for coil
and contact assembly).
Operafing cycles:  Up to the maximum number of operating cycles specified in the data shegt:
16.2 [Specific stress models
16.2.1 General
The fdilure rate under operating conditions is:
l:iref XTTES X TS X TT
where
TES is the electrical stress dependence factor;
s is the switching rate dependence factor;
T is the temperature dependence‘factor.

The values of the stress factors are given in 16.2.3 and 16.2.4.

(32)

(33)

(34)

16.2.2 Dependence on switching rate, factor rg

The flactor g considers the number of operating cycles per hour, S, according to
Equat|ons (7) and (8): Factor zg is not defined for S <0,01.

a) ng=1 for 0,01< 8 < Spet

b) S ZS/Sref for S > Sref

where

S is the number of operating cycles per hour;

Sref is the reference number of operating cycles per hour.

NOTE The factor zg can be as much as 100 for hermetically sealed contacts, normally closed, or non-sealed
contacts, normally open under small loads.
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16.2.3 Dependence on electrical stress, factor zgg

The factors zgg given in Table 52 to Table 54 >
are based on the selection of the stress region b?z
in Figure 2 and the type of load. _
Stress region 4

Contacts where surge suppression is used can 13 b stress
be treated like contacts under resistive load. region 2
The rated current 7., and the rated switching
voltag L[ are obtained from the relay detail Stress region 3
specif|cation of the individual relay type. 0.5 Stress

region 1
If different electrical stress conditions are 0
used, [a mission profile should be considered 0 0,1 Iae A
(otherwise the higher stress factor should be 1E

appliefd).

Figure 2 — Selection of stress regions in
accordance with current and voltage-

operating conditions

Table 52 — Factor zgg for low current relays

Factor 7pg for:

R . L g
:tress_ region Resistive load ) Capacitive® and Inductive load
see Figure 2) incandescent lamp load

1 2 2 -

2 1 8 8

3 2 20 40

4 8 40 -

a8 Mpximum current peak (see relay detail specification) not to be exceeded.

Table 53 — Factor ngg for general purpose relays

Factor 7pg for:
Resistive load Capacitive? and Inductive load
i incandescent lamp load
Stress’region
(see’Figure 2) DC AC DC AC DC AC
1 without Au-coating 50 50 2 1 - -
1 with Au-coating 20 10 2 1 - -
2 20 10 10 5 10 5
3 2 1 10 5 20 10
4 10 2 10 5 50 20

a8 Maximum current peak (see relay detail specification) not to be exceeded.
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Table 54 — Factor zgg for automotive relays

Stress region
(see Figure 2)

Resistive load

Factor 7pg? for:

Capacitive? and

incandescent lamp load

Inductive load

3

1

2 (1)

4

1

2 (1)

a

b

Values in parentheses are valid for tungsten pre-contact.

Maximum current peak (see relay detail specification) not to be exceeded.

16.2.J Temperature dependence, factor =t

The relationships given in Equations (5) and (6) apply only up to the maximum permjssible

compq
unless

The ¢
tempe]

Table 55 — Constants for temperature dependence of relays

nent temperature. The formula constants 4, Eay and Ea, given in Table 55 are|used,
other values have been stated.

Supporting construction A Ea1 Etl2

eV eV
Plastic 1,0 0,175 -
Metal, glass, ceramic 0,006 0,646 0

Table 56— Factor = for relays

alculated factors #z1 are shown in Table 56 and are dependent on the ambient
rature, 6mp -

Factor 7T for the average ambient temperature 6,4, ?

Supporting construction <40 °C 70 °C 100 °C 12% °C
Plastig 1 1,8 2,8 Y
Metal, |glass, ceramic 1 1 1,3 %

2 Va

id only up to théxmaximum permissible ambient temperature according to the relay detail specificatig

=}

17 Switches and push-buttons

17.1 'Speecifiecreferenceconditions

The reference conditions are given in Table 57.
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Table 57 — Switches and push-buttons

Qref
Component Electrical contact stress Note
°C
Dip fix and encoding switches: within the limits of the data sheet Operating current
- within the limits
Switches and push-buttons for (0,6<U= U, VACand stated in the data
light-current applications: (0,1 < ls I A sheet
by resistive load ---
Electrical contact
Switches and push-buttons for (0,56<U<13)Vand stress (see stress
higher load: (01<I<I )A regions in Figure
hy resistive load Q)
Time geriod: Up to the time interval that 90 % of the switches and push-buttons survive.
Duty cycle: The duty cycle can be chosen within the limits set by the specification.

17.2 [Specific stress model
17.2.1 General

The fdilure rate under operating conditions is:
A = Aret X TES

where| zgg is the electrical stress dependence factor., The
given jn 17.2.2.

17.2.2 Dependence on electrical stress, factor 7gg

a) for| dip fix, coding switches and foibpush-
butfons:

Uratv \Y

7Z'E;=1

b) for|other switches and push-buttons: 13

The factors #zgg given in Table 58 and

Table 59 are baseéd~on the selection of the

strg¢ss region in Rigure 3 and the type of load.

The¢ rated current 7., and the rated switching 05
voltage U,y are obtained from the data sheet
of [the \individual switches and push-button 0
typEs.

(35)

values of the stress factofs are

Stress region 4
- Stress
region 2
Stress region 3
Stress
region 1
0 0,1 Lo, A

HC

Figure 3 — Selection of stress regions
in accordance with current and voltage-

operating conditions
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Table 58 — Factor zgg for switches and push-buttons for low electrical stress

Stress region
(see Figure 3)

Resistive load

Factor 7gg for:

Capacitive? and
incandescent lamp load

Inductive load

1 2 2 -
2 1 8 8
3 2 20 40
4 8 40 -
a  Makimum current peak (see data sheet) not to be exceeded.
Table 59 — Factor 75 for switches and push-buttons for higher electrical 'stresgs
Factor 7gg for:
Sjress region . Capacitive? and .
(4ee Figure 3) Resistive load incandre)scent lamp load Inductive loag
DC AC DC AC DC AC
1 Wjthout Au-coating 50 50 2 1 - -
1 Wjth Au-coating 20 10 2 1 - -
2 20 10 10 5 10 b
3 2 1 10 5 20 10
4 10 2 10 5 50 40
a8 Mgximum current peak (see data sheet) not to be exgeeded.
18 Signal and pilot lamps
18.1 [Specific reference conditions
The rgference conditions are(giyven in Table 60.
Table 60 — Signal and pilot lamps
Ambient
temperature
Component O ref Note
°C
IncandesCentlamps Rated voltage
40 according to
Glow |amps specifications
Time period: Up to the time interval that 93,5 % of the lamps survive.
Duty cycle: The duty cycle is continuously in operating state; for intermittent operation the operating time

is the sum of the periods alight.

18.2 Specific stress model
18.2.1 General

The failure rate under operating conditions, as a function of the operating voltage,
calculated according to Equation (2) as follows:

A= dres X 7Y (36)
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Voltage dependence, factor 7y

ress factor 7y for voltage dependence is given in Table 61.

Table 61 — Factor 7y for signal and pilot lamps

Factor 7y for Uop/Urat

Type of lamp

<0,70 | 0,80 | 0,85 [ 0,90 | 0,95 | 1,0 | 1,05 1,1 [1,15] 1,2 [1,30
Signal and pilot lamps;
railway-signalling lamps; |, 55 110 [ 0,20 | 0,30 [0,60 | 1,0 1,70 | 3,0 | 4,50 |\7]0 | 17.0

low voltage traffic-light
descent lamps

temp¢g

NOTE]

rature, stress due to mechanical impact and electrical surges, or nonzStandard switching profiles.

2 Consult the manufacturer for additional information.

Incan
Igmps Halogen lamps - - =] = loso|10 17304 2| | -
High voltage traffic-light _ _ _ ~ loso]| 10 | 20 [0 _ | _
lamps
Glow lamps (wit_h necessary series _ _ _ 05 | 07 1 9 | 1.6 | 2.0 | _
resistance)
NOTE|1 The failure rate, irrespective of construction and stress, may be higher for DC operation, highef ambient

19 P

Failur
conne

20 H

A hyb
circuit|
diodeq
to a
technq

gradually become synonymous with circuits, where one of the methods used is thig

techngq

A hyb
declar

rinted circuit boards (PCB)

ctions (see 14.1).

ybrid circuits

manufactured of individual devices, such as semiconductor devices (transistofs

logies are combined (SMD, ASIC and flexible circuit technology). Hybrid circuits

logy, whereby tracks and resistors are printed on a ceramic substrate.

ed’in-its introduction and scope. In fact a hybrid is to be considered an assembly, |]a

miniat

urized, but not an electric component.

ps of PCBs should be taken into account'dn the stated failure rate for machine-soldered

rid integrated circuit, hybrid microcircuit, or simply hybrid, is a miniaturized ele¢tronic

and

) and passive components (resistors, inductors, transformers, and capacitors), bpnded
ubstrate or printed: circuit board. A hybrid circuit is a circuit where two or| more

have

k film

rid cireuit is not considered a component in this document, in agreement with what is

Iso if

Deposited capacitors and thick or thin film resistors are considered in the specific component
clauses.
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Annex A
(normative)

Failure modes of components

The failure mode is a description of what constitutes failure for a particular component type.
There are generally three types of failure — complete, partial or degraded and drift — however
most data handbooks do not make this distinction, giving a total failure rate of a component
that represents failure in all modes.

Howe ver—informatiocn—onr—failre—modes—is—useful-since s—therate—of-cccurrence—of-failure
modeg that is observed. This information is also a useful input into reliability analysis, slich as
diagngstics coverage, and in safety analysis in order to calculate criticality of systems:
Annex A contains details on failure modes that are useful for this purpose. Fhese modgs are
highen level, usually as perceived at circuit level, than the actual physical modes thgt they
repredent and will often include within them a number of lower level modés)
The data presented herein has been derived from a number of sourees such as those ligted in
Annex H and in IEC TR 62380. The tables give a means of allocating estimated failure fate to
specif|c failure modes when given a specific value for total failure rate.
For prgediction purposes, component failure modes can bé.found in Table A.1 to Table A]7.
Table A.1 - Failure modes: ICs (digital)
Environment type Input/output fixed to’1 Input/output fixed to 0 Open circtiit
Stuck at U__ Stuck at ground
% % %
Stationgry use at weather-
protecté¢d locations E12 50 50 )
Stationgry use at partially
weathef-protected or non-
weathef-protected locations E22 5 5 90
Portablg¢ and non-stationary use,
ground jvehicle installation E32
NOTE |[For digital ICs the Signal pins can be defined as inputs or outputs. When a failure occurs, for each|input or
output pin, there are-three chances:
— the [internal) failure caused the signal to be fixed at the logical level=1;
— the [internal) failure caused the signal to be fixed at logical level=0;
— the pinlis,no more internally connected.

The logical level=1, in terms of voltage, is usually the value of U__ (positive supply voltage), while the logical level=0

is usual

ly ground (U = 0).

Sometimes there are different voltages, hence it is more appropriate to speak in terms of stuck-at-1 or stuck-at-0 for
the fixed signal at the failed pin.

For interface circuits, almost all defects are open circuits.

2 See

Table 1.
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Table A.2 — Failure modes: transistors, diodes, optocouplers

Forward
S.hor_t (_)per.l Drift leakage
circuit circuit current
drift
% % % %
Transistors Silicon 85 15 -
GaAs 95 5 -
Diodes Silicon 80 20 -
GaAs 95 5 -
Zener diodes 70 20 10
Thyristors 20 20 60
Optocouplers 10 50 40 -
Laser diodes 85 15 - -
Table A.3 — Failure modes: LEDs
Short circuit Optical
(forward Open circuit coupling,
degradation) or fibre
% % %
Light emitting dlgde r.nodules 70 10 20
package type: with window
Light emitting diode modules
package type: with fibre 40 10 50
Table A.4 — Failure modes: laser diodes and modules
Diode failure C?L.'plmg Broken fibrp
ailure
% % %
(degradation of (high drop in
Laker diodes modules the spectrum, output power)
1,3 um/1,55 pm modules current .
K 9 H increase)
10 90
Pighcurent | Sonen |
(0]08 um 1,48 um) 50 P
(no laser effect, (high drop in (no output
Mddules (transmission) degradation of output power) power)
the spectrum,
0,85 um modules t
monomode fits76-9/125) earren
( increase)
80 10 10

Cdmpactdisks
0,85 wm modules

(no laser effect,
degradation of
the spectrum,

(monomode fibre 9/125)

Curt Ullt
increase)
100

Table A.5 — Failure modes: photodiodes and receiver modules

Short circuit

(reverse Open circuit Coupling
degradation)

% % %
Photodiodes and receiver modules for
telecommunications 80 20 -
package type: with window
Photodiodes and receiver modules for
telecommunications 40 10 50

package type: with fibre
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Table A.6 — Failure modes: capacitors

Short circuit Open circuit Drift
% % %
NPO-COG
Ceramic Fixed ceramic dielectric capacitors — 70 10 20
Defined temperature coefficient —
Class |
X7R-X5R 90 10 -
5ZU-Y5V-Y4T 90 10 -
Feedtnrough capacitors 70 30 =
zosrr;g?/l voltage 30 30 40
Aldminium  non-solid electrolyte -
elgctrolytic :03’2'(;‘?/' voltage 50 - 50
solid electrolyte 10 90 -
Tahtalum non-solid electrolyte 80 20 -
elgetrolytic  g4)ig electrolyte 80 20 -
Mdtallized film 10 90 -
Miga 40 40 20
l/:r;?ils) ceramic capacitors, disks (dielectric 40 10 50
Other technologies 10 90 -
Fixed plastic, paper, qielectric gapacitors - Radio 10 20 )
interference suppression capacitors (plastic, paper)
;I"\T ?E;n)wistors with negative temperature coefficient 70 10 20

Table A.7 — Failure modes: resistors, inductive devices, relays

Open circuit | Short circuit Drift
% % %
Resistors Carbon film 100 - -
Metal film 40 - 60
High dissipation 100 0
film resistors
Wire-wound 100 - -
Variable (non 80 - 20
AALLE o
cermet
potentiometer)
Resistors 40 - 60
network (surface
mounting
resistors and
resistive array)
Inductive devices 80 20 -
Relays General purpose 80 20 -
Power relays 80 20 -
Solid state 80 20 -
relays
Coaxial relays 80 20 -
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Annex B
(informative)

Thermal model for semiconductors

Thermal model

This document defines the equipment ambient temperature 6, as the average temperature
around the equipment. According to IEC TR 60943 it is the air surrounding the complete
device and, for devices installed inside an enclosure, it is the temperature of the air outside
the enclosure.

Inside| the equipment/system, there is a temperature distribution that depends on‘the p

of the|parts that dissipate power. Even if each unit in the equipment has its own tempe
distribution (depending on the type of component and its position), a component a
temperature 6,. is conventionally defined, that is constant for all comporients in th
obtained by averaging the temperatures near each component. This hypothesis is ge

valid
point

or electronic units, although sometimes those that dissipate_a.lot of power in a
should be excluded, in fact when a unit has areas with \femperatures signif

differgnt from 6,., for thermal modelling purposes they should be_considered as two se

units.

More
found

precisely, the component ambient temperature 4, is the temperature that wo

withoyt heat sink). This is equivalent to supposifng that there are no components t

thems
words
that h

hs a temperature equal to the compofient ambient temperature, that is a charac

bient
}7 unit,
erally

psition
rature

single
cantly
barate

ild be

at the point where the component is installed/supposing it could be removed (V

vith or
at by

elves significantly influence the ambient temperature for nearby components. Inf other
it is as if between each component and the others there would be a zone of sepgration

eristic

of the|whole unit (see Figure B.1).

Situatfons that do not correspond to, this hypothesis are handled by considering separatgly the
parts ¢f the unit as if they were thermally separate units, each with its own value of .

Each pnit inside the equipment therefore has its own thermal difference (A6,_5. ) bgtween
the equipment ambient temperature and the component ambient temperature. This difference
is assiimed to be constant for each value of 4, throughout the whole range of the latter|in the
range |of temperatures-considered normal for electric equipment, and depending on the [power
dissippted by the entire unit.

For all compenents of a unit:

Ooe=0o+ A0y oo (B.1)

where

Oac is the component ambient temperature (°C);

04 is the equipment ambient temperature (°C);

NG44 is the difference between the equipment and component ambient temperatures

(K).

In order to define or calculate the failure rate of the components, the component temperature

also h

as to be evaluated:

0; = 0Oac + A05c_j  junction temperature, for integrated circuits and

semiconductors

(B.2)
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Oc = Oy + A04c_. body temperature, for passive components subjected to

C (B.3)
dissipation
In conclusion, the general thermal model can be summarized as:
Abpc_¢ = PXRip ac-j (B.4)
AOacc =PxRin ac—c (B.5)
where
P ic tha comnaonant nowar diccinatian:
is-the-component power-dissipation;
R .
th,act] is the thermal resistance between component ambient temperatur¢ and
junction temperature;
Rinact-c is the thermal resistance between component ambient temperature and body

temperature.

Area around the
components where
temperature may

be higher than 6,

98 [

Board/Unit

Integrated circuit

IEC

Figure B.1 — Temperatures inside equipment

B.2 Junction temperature calculation

When it is not possible to obtain the junction temperature value using the appropriate tools of
the experimental thermal analysis the junction temperature value can be calculated as a
function of the mean power dissipation P and of the device thermal resistance.

The simplified equation proposed here is sufficiently accurate for reliability calculations:
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0; = Oac + Px Rih ac-|

0; = Ocase + P X Rin c-j

is the junction temperature (°C);

is the component ambient temperature (°C);
is the case temperature (°C);

is the component power dissipation (W);

(B.6)

(B.7)

Rth,ac-

Rth,c—

B.3

The p

i is the thermal resistance component ambient-junction (°C/W);

i is the junction-case thermal resistance (°C/W).

Thermal resistance evaluation

referred method is to take the thermal resistance value specified or published

manufacturers (see Figure B.2).

If the

0, Racj= Rej* Ro_ac
R T S -i et eamm—
l a e | s, R s R
VYUV VY oW
Oac Ocase 6

IEC

Figure B.2 <\Thermal resistance model

manu;]a
and the airflow factor.

Dy the

device thermal resistance values are not directly available (measuremments,
cturer data), they can/be>calculated as a function of the package type, the pin number
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Table B.1 — Thermal resistance as a function of package type,
pin number and airflow factor

Rth, c-j Rth, ac-j
°C/W °C/W
DIL package ceramic 0,23(10+ 1520 ] (0,23 +0,66K) (10+ 1520)
N+3
DIL package plastic 0,33[10 + ;\ff%j (0, 33+066K)(10+ 1520 )
PLEC package plastic 0,28/ 15 + 1600 (0,28 +0,72K) 15 + 1600
N+3 Nt 3
SOJ and SOL package plastic 0,28(15 + ;\Zf%j (0,28 + O72K)(15 + 1760 ]
144
PGA package ceramic 0,33/ 10 + 0 (0,33 +,0,66K) 10 + 1440
N+3 N+3
2260 2260
FP k lasti 04| 27 0,4 +0,6K) 27
QFP package plastic ( +N+3j (0,4 + )[ +N+3]
i 11x10° 11x10°
BGA package plastic 0,4 6,6 + 2 (0,4+0,6K 6,6 + >
N N
where
N is the number of pins of the package;
K is the airflow factor given, according to the air velocity v in m/s, by the following equgtion
059 xv+111 (B.8)
v+0,7 '
where|v is the air velocity in m/s: Typical values of v and K are given in Table B.2.
Table B.2 — Typical values of v are K

v K
m/s
Natural convection 0,15 1,4
Slightly assisted cooling 0,5 1,2
Fan ass$istéd cooling 1 1
Forced cooling 4 0,7

B.4 Power dissipation of an integrated circuit P

The power dissipation of an integrated circuit (where experimental values are not available)
can be calculated considering its composing elements:

e a constant part from the direct current supply ( Byc);
e afrequency dependent part ( 7 );

e duty cycle, for device with standby mode ( Fytpy ).

B¢ and P calculation can be performed using Table B.3:
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Table B.3 — Values of B¢ and A

B 35
Type

w w

MOS, Bipolar, ECL, GaAs Uce Nom Tec Max 0
CMOS ACT 1,6 107% Uge nom N1 | Upe? fop107° (CpgN, + € N)
other Ucc Nom Icc Maxa Ucc2 fop'lo_6 (deNZ + CLN3)

memories Use Nom Lee Max 0
BICMOS Ucc Nom [cc Max Ucc2 fop'lo_6 (deNZ + CLN3)

@ Normally 7 =0

where

UccNam is the nominal voltage (V)
(default value Ugenom =3 V, for BICMOS Ugenom = 1 M 1o 1,8 V);

Iemax 1S the maximum supply current (A);

Jop is the operation frequency (MHz);

o} is the load capacitance (default value C; =50 pF);
Cod is the power dissipation capacitance (pF);

Ny is the number of inputs;

Ny is the number of function elements;

N3 is the number of outputs.

If a lipear device has more than_one current supply, Ry is calculated separately for
supply and the values are summed.

The spm of Ry and( B calculated in the conditions defined above, identifies the

dissipption in the worst case Ryc and it is a value representative of the values dispers
differgnt manufacturers and of different production lots.

For semi-gistom integrated circuits (gate arrays and cell based), the power dissi
calculgtion-is complex because the knowledge of the device internal composition is req
in relation’to its use (reqisters, flip-flop and latches number).

every

power
ion of

pation
uired,

The calculation has to be extended considering every case and it is convenient for

these

devices to define the maximum worst case power Pyyc as that one related to the maximum

admitted operating frequency.

The worst case power value at the operating frequency is given by

_ Pf\NCfop +PDC(fmax _fop)
fmax

Byc

where

Pave is the worst case power dissipation at the maximum frequency (W);

(B.9)
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B is the DC power dissipation (W);

Jop is the operating frequency (MHz);

Srnax is the maximum operating frequency (MHz);

finax = 30 MHz (HC, HCT), finax = 50 MHz (AC, ACT), finax = 100 MHz (BICMOS).

A conventional value of the power dissipation F£,, to be used in the junction temperature

calculation is:

tHoc+35
P, = DL 7 =E
op RNC3_RNC+5 (B.10)
For devices with a standby mode, particularly memories, the power dissipation [, is
calculated considering the duty cycle:
D (100-D)
Fay :Popm+ sty " 100 B.11)

where

Fstoy is the standby power dissipation (W);

D is the duty cycle (%).
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Annex C
(informative)

Failure rate prediction

General

Reliability predictions are conducted during the whole life cycle of equipment at various levels
and degrees of detail, in order to evaluate, determine and improve the dependability of the
equipment.

struct
availa
availa
space

During

equipment failure rate in order to check if reliability targets may be achieved and to help|

decisi

Reliah

Succeissful reliability prediction of equipment generally requires a model that considelr‘s the

re of the equipment. The level of detail in that model will depend on the¥information

ble at the time (e.g. parts list, circuit diagram), and several reliabilitys mode
ble depending on the problem (e.g. reliability block diagrams, fault tree)analysis,
methods).

the conceptual and early design phase, failure rate prediction“is'applicable to es|

bns about the architecture for the product (e.g. use of redundancy, cooling).

ility prediction calculations should begin as early‘as possible, at the start

case
as ye
condit

This method is far preferable to the simplified-calculation method (for which all the valu

replac
shoulg

The p
and o
predic
condit
into a
part s
predic

c.2

equip:Fent design phase, even if not all the applicable~¢onditions can yet be known:

efault values can be used provisionally, to help“determine those conditions whi
unknown. These default values will thenxgradually be updated as the def
ons are identified.

ed by default values, including. those, which are already known). The calcu
therefore be prepared in such a.way as to enable values to be modified easily.

perating conditions (prediction at reference conditions is also known as part
tion which assumes an“average stress on all components, while prediction at opg
ons, also known as\part stress method takes the individual load on each comg
ccount. The part(count method is usually used in the early phase of the design,
ress prediction is used later when the detailed design has been made. For part
tion see C.2.4.2 and for part stress see C.2.4.3.).

Failure rate prediction for assemblies

s are
state-

timate
make

Df the
n this
ch are
initive

s are
ations

focedures in this document'can be used to carry out failure rate prediction at ref¢rence

count
rating
onent
while
count

C.21

General

Failure rate prediction is usually performed at assembly level. Predictions are useful for
several important activities in the life cycle of equipment where they are used, in addition to

many

other important procedures, to ensure reliability goals.

Examples of such activities:

assess whether reliability goals can be reached;

— identify and mitigate potential design weaknesses;

— compare alternative designs;

— evaluate designs;

— provide input data for higher level assembly dependability analysis;

— conduct cost calculations (e.g. life-cycle costs);
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establish objectives for reliability tests;

plan logistic support strategies (e.g. spare parts and resources).

Failure rate prediction is often used in combination with other tools which can be used to
improve the process of prediction by making it more representative of reality by allowing
assembly structure and measures of importance to be introduced.

Failure rates to be used for spare parts provisioning and life-cycle costs calculation require
particular attention. For these activities, failure rates should include all causes, even design
errors, equipment and dependent (pattern) failures, to provide a realistic figure of what is
happening or will happen in field during the operation phase of the life cycle. See also

Annex

C.2.2

Failur
physig

oLl N L AY
— (UataoasScT).
Assumptions and limitations

b rate predictions are based on the following assumptions, resulting fram focuss
al failures occurring at random over time.

Assunptions of failure rate predictions are as follows:

the
as

co
be

Cco

de
co

fai

prediction model assumes that a failure of any component, will lead to a failure
sembly;

mponent failures are treated as independent of each other; no distinction is
fween complete, partial and drift failures;

mponents are used within their specifications;

5ign - and  manufacturing processes of «the components and assembly
hsideration are under control;

ure rates are assumed to be constant either for an unlimited period of ops

(gg¢neral case) or for a given limited period of interest (e.g. useful life). Although
bwn to be realistic for some componhents for others it is not. However the assuption
greatly simplifies the task;

kn

ap
co
ad

Limita

the

du
co

res
the

ng on

of the

made

under

ration
this is

art from a few exceptions.(the wear-out failure period is never reached by electric

mponents; in the same way it is accepted, again apart from some exceptions, th
Hed risks of failure durihg the first few months of operation can be disregarded.

fions of failure ratespredictions are as follows:

y cannot proyide proof that a reliability goal has been achieved;

e to the statistical nature of the information available, prediction works best fof
mponent and assembly counts;

ultscare dependent on the trustworthiness of the source data;
assumption of constant component failure rates may not always be true; in such

at the

large

cases

this method may lead to incorrect resulis and other models may need to be used to
determine useful life;

failure rate data and stress models may not exist for new component types;

stresses that are not considered may predominate and influence the failure rate.

c.2.3

Process for failure rate prediction

The process for reliability prediction using failure rates consists of the following steps:

a) Define and understand the assembly to be analysed:

obtain information on structure, such as functional and reliability block diagrams, if

available, in order to check if series assumption is valid;

obtain bill of materials;
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obtain component specifications or data sheets for all components used in
where parts stress analysis is to be carried out;

obtain circuit diagrams and schematic diagrams if needed;
define the boundaries from the assembly specifications and schematic diagrams;

cases

identify the functions and specification of the assembly, in particular understanding

what a failure is.

b) When carrying out failure rate prediction at operating conditions, obtain information on
operating conditions for each component when different from stated reference conditions:

identify the operating temperatures;

C.24
C.2.4.

The f
compd
compd
config

The fq
condit
given.
distrib

C.2.4.

dUtCIIII;IIU thc dbtud: U:Ubtlibd: btl TOooTS,

determine mission profiles if necessary;

identify relevant environmental stresses;

select the data source according to the guidance given in Annex H;
use the stress models as defined in 5.2;

sum up the component failure rates.

cument the results, justification for choices and any assumptions made:

no guidance on presentation of results is given since many organizations defin
own report structure or use those predefined in commereial software;

b their

the justification process for the data sources “and methods used should be

documented;

any assumptions made should be listed so\that the validity of the prediction dan be

assessed.
Prediction models

( General

hilure rate of the assembly ,is)calculated by summing up the failure rates off each
nent in each category. This  applies under the assumption that a failure qf any

nent is assumed to lead\\to equipment failure otherwise known as a chain or
uration.

series

llowing models @ssume that the component failure rate under reference or opgrating

ons is constant.) Justification for use of a constant failure rate assumption sho
This may.take the form of analyses of likely failure mechanisms, related
utions, etc.

R Failure rate prediction at reference conditions

Predia

tion _at reference conditions (nlen called Ihs\rt count Inrr:-dir‘tinn) allows 3 prpdinti

ild be
failure

at a

very early stage in the design process and is therefore very useful for feasibility studies,
comparing design options and prioritizing analytic activities. Further it allows regulatory
authorities to evaluate a design for example for a SIL level (see IEC 61508) without detailed
knowledge of the design.

If the time to failure is exponentially distributed over the considered time interval then the
failure rate for an assembly in a series configuration under reference conditions is calculated
as follows:
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n

Asref = Y (Aret); (C.1)

i=1
where

Asref  is the failure rate of an assembly under reference conditions;

Aref is the component failure rate under reference conditions;

n is the number of components.

The reference conditions adopted are typical for the majority of applications of components in
equip —H i qu ' pific to
the cgmponent, i.e. it includes the effects of complexity, technology of the casing,~different
manuflacturers and the manufacturing process, etc.

c.243 Failure rate prediction at operating conditions

Comppnents may not always operate under the reference conditions. Intsuch cases, tHe real
operalional conditions will result in failure rates different from thase”given for refgrence
conditjons (also called part stress prediction). Therefore, models for ‘stress factors, by|which
failurel rates under reference conditions can be converted to values applying for opgrating
conditjons (actual ambient temperature and actual electrical stress on the components), and
vice versa, may be needed.

The fdilure rate for assemblies under operating conditigns*is calculated as follows:

n n

As =Z;,(/1); :Z;,(/lref X Ty X 7T X 73 X TE X g X 7ES ); (C.2)
i= i=
where
Aref is the component failure rate under reference conditions;
Y is the voltage dependence factor;
bq is the current dependénce factor;
T is the temperaturg dependence factor;
Ty is the environmental application factor;
g is the switching rate dependence factor;
TES is the"electrical stress dependence factor;
n is'the number of components.

In Clauses 6 to 20 specific stress models and values for component categories are giVen for
the n-factors and should be used for converting reference failure rates to field operational
failure rates. However, if more specific models are applicable for particular component types
then these models should be used and their usage justified and documented.

Conversion of failure rates is only possible within the specified functional limits of the
components.

Cc.2.5 Other methods of reliability prediction
C.2.51 Similarity analysis

Similarity analysis includes the use of in-service equipment performance data to compare
newly designed equipment with predecessor equipment for predicting end item reliability when
the uses and stresses are similar. The method of similarity analysis is described in
IEC 62308.
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C.2.5.2 Simulation

Simulation is an empirical approach to equipment modelling that can allow the building of
real-world models and attempt to use them to predict what is likely to happen to equipment in
the future. The underlying techniques used in this process involve random sampling from
failure distributions, and representation of equipment structure using such techniques as
mathematical models, reaction kinetics models and empirical models. These techniques allow
the building of fairly realistic models of complex equipment that can be used to understand
their failure behaviour under various operating conditions and predict what the reliability will
be at some future time.

C.2.5.3 Testing

Failur¢ rate data can also be obtained from tests. It can be from testing of equipmgent or
compaonents. Normally testing of equipment is carried out by the equipment manufdcturer
while festing of components is usually carried out by the component manufactufer.

The tgst conditions will seldom be the same as the reference conditions;ceften the test will be
accelgrated, i.e. with increased stresses compared to the reference conditions. In these|cases
the fallure rate information has to be transformed to reference conditions using the equations
given [in Clauses 6 to 20. The failure rate should be estimated_based on statistical rIodeIs
such fas, for example, the exponential distribution, the Weibull distribution, the mnormal
distribution or the lognormal distribution.

In many cases no failures will occur during the test and-the manufacturer will then often state
the fajlure rate as 60 % upper confidence limit. When' comparing test data (or field| data)
cominp from different samples a guide can be found.in'IEC 60300-3-5 and IEC 61710.

When|reporting failure rates based on test, théZtest conditions should be listed togethgr with
the stptistical estimation of the failure ratesvand any transformation from test conditipns to
referepce conditions. The empirical factors<tsed for this transformation should be justifigd.

Care s$hould be taken that the stress_in an accelerated test does not introduce failure nodes
that afe not relevant for the use of{the component.

C.2.5. Physics of failure

Physig¢s of failure (PoR) s an approach to reliability prediction modelling where the goal is to
use physical principles with appropriate failure probability density distributions to design for
failure-free operation and/or specify reliability targets and to predict failure timegs for
companents. It Uses knowledge of root-cause failure processes in an attempt to ident|fy the
"weakpst link!_of a design to ensure that the planned equipment life is exceeded by the
design. Thé approach can also be used for new components made from new maferials,
technglogies and processes if basic physical and stress information is available| This
methodology addresses the useful life of a product (see Annex F).

C.2.6 Validity considerations of reliability models and predictions

To use any quantitative reliability prediction method it is necessary to be aware of its validity.
Like all engineering models, the failure rate models are approximations of reality, and are
based on the best field data that could be obtained for a wide variety of parts and equipment.
This data is then analysed and adapted, with many simplifying assumptions, to create usable
models. Then when a model is used, further assumptions for the design parameters such as
stress and temperature are made.

Thus a reliability prediction for equipment should not be treated as an absolute value for its
field failure rate. It is generally agreed that these predictions can be good when used for
relative comparisons, such as comparing design alternatives, or comparing equipment. Note
also that reliability predictions do not account for unsuitable design decisions, substandard
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quality control for purchased parts, bad workmanship, poor product level quality control,
overstressed field operation, etc.

Arguments for the reliability models and predictions, as given in this document, are as follows:

— often reliance is placed on failure rate data gathered from a variety of sources
representing average conditions, however the accuracy and validity of such data may be
questionable;

— for new technology components, failure rate data may not be available for all components
as even the most recently published data is inevitably out of date;

— while the failure rate models given may indicate that a low failure rate can be achieved
through a reduction in a single stress, in practice other stresses may predominafe and
remder single stress reductions alone ineffective in achieving high reliability;

— th¢ methods provide only broad estimates of reliability;

— th¢ assumption of constant failure rate during the useful life of an item is~not always$ valid
buf such an assumption provides suitable values for comparative analysis:

C.3 [Component considerations

C.3.1 Component model

In thi§ document a component is considered to consist of"the actual component itself (e.g.
silicon die), the encapsulation (e.g. case) and connectién points. How the connection [points
are atftached to the circuit board, also called the attachment system (e.g. solder joinf), are
treatefl separately in Clause 14 and this means that failures in the attachment system $hould
be treated as component failures when using this.decument.

It is pssumed that any failure rate used<under reference conditions is specific fo the
companent, i.e. it includes the effect of-'‘component complexity, technology of the dasing,
materifals used, component constructionymanufacturers and the manufacturing process,|etc.

Care phould be taken when using failure rate data from some data sources since|some
sourcegs include the attachment system in the component failure rates and some do not.

C.3.2 Components classification

Comppnent identification is the most important element of any codification system because it
establjshes a unique identification for every component. The identification consists pf the
minimum data required to establish clearly the essential characteristics of the componeft, i.e.
those |characterjstics that give it a unique character and differentiate it from all others. A
number of component classification systems are briefly described in Annex I.

This daciiment recommends the use of IEC 61360 (all par’re) which lnmvidpq a clear and
unambiguous definition of characteristic properties of all elements of electrotechnical
equipment from basic components to subassemblies and full equipment. This document only
uses the component-related aspects of IEC 61360 (all parts). The component coding elements
of IEC 61360 (all parts) are described in Annex I.

C.4 General consideration about failure rate

c.41 General

The failure rate of an electric component depends on many influences, such as operating
phase, failure criterion, duration of stress, operating mode (continuous or intermittent),
ambient temperature and temperature cycling rate, humidity, electrical stress, cyclical
switching rate, mechanical stress, air pressure and special stresses. It should be noted that a
failure rate value, without knowledge of the conditions under which it was observed or is to be
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expected, provides no real information. For this reason, the values of the relevant factors of
influence should always be given when stating a failure rate. It is possible to state how the
failure rate depends on some of these influences. This dependence applies only within the
specified limit values of the components.

Estimated values of the failure rates can be derived either from life tests or from field data.
These estimated failure rates only apply under the conditions that applied during the tests or
field observation. The rules according to which such estimates are derived depend on the
statistical distribution function applying, i.e. whether "constant failure rate period" (exponential
distribution) or "early life and wear-out failure period" (for example, Weibull distribution) exist.
If the distribution over time of the failures is known, and estimated values of the failure rate

have heen calculated the result should be interpreted Qtntiqfir‘ally

The dimension of failure rates is the number of failures per unit time, but it is worthhneting that
the time measure can be replaced by cycles, number of operations, etc. depending ¢n the
companent type. Generally component failure rates are given in one of two.standard forms,

either|as number of failures per 108 h or in number of failures per 10 h.

C.4.2 General behaviour of the failure rate of components

The general behaviour of the failure rate can be modelled by'\the Weibull distributioh (see
IEC 61649:2008, Clause 8). Its shape parameter, B, models.three periods in the lifgcycle,

which|can be explained as follows:

a)

Edrly life failure period (B8 < 1)

For some components, at the start of the operating period, a higher failure rate is
sometimes observed which decreases withotime. Early life failures occur due to
m4gnufacturing processes and material weaknesses that do not result in failures in tests
pefformed before shipping.

Thiere are a few components that will-€xhibit decreasing failure rate in use. This is ysually
dup to problems in the component manufacturing process as well as to handling prgblems
(EBD, mechanical damages, etcl). This document does not support prediction of|these
component types and if earlylife failures are still to be expected for a component, the
bepginning of the phase of constant failure rate should be specified.

Thiis document assumes ‘constant failure rates hence it is assumed that any eafly life
failures are removed.by.process control or by screening (see IEC 61163-2).

Cqnstant failure rate-period (8 = 1)

Hdre, as the.term suggests, the failure rate is constant. In some cases this ¢ccurs
befause competing failure rates produce an averaging effect that make it appear aq if the
failure rate_is constant when the underlying failure rates of the individual competing failure
maqdes are not.

Gqgnérally electric components operate in the constant failure rate phase (from ¢nd of
eawmmmﬁahm—pem—w ; ; = ; ; ; n this

document. This behaviour can be most easily modelled by the exponential distribution and
procedures for verification of constant failure rate can be found in IEC 60605-6. For
components showing limited variations of the failure rate within the useful life, for example
electromechanical components showing wear-out, the assumption of constant failure rate
can be maintained by using the average failure rate during the useful life.

Wear-out failure period (8 > 1)

This period shows an increasing failure rate due to the dominating effects of wear-out,
ageing or fatigue (see also Annex F).

This document assumes that for most components the failure rate is averaged for the time
interval specified in the data sheet. Since this document only covers the useful life of the
component, it is important to know when the useful life ends for a given component due to
wear-out. Some suppliers define this point as where a certain percentage of failures have
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occurred (e.g. 10 %). Others define the end-of-life as being when the failure rate has
increased by a certain factor (e.g. failure rate doubled).

This limitation to the useful life of the component is reasonable since for the vast majority
of components, the wear-out failure period (during which failures take on a systematic
character) is far away from the periods of use (which can typically range from 3 to 20
years).

There are three cases in which the occurrence of wear-out failures should be taken into
account (the failure rate of which increases with time):

1) For some families, if due care is not taken, the wear-out mechanisms may give rise to

2)

The ti
gener
differg
failure

Form

Cc.43

It is

opera
predic
doing

Value

qualification testing and by technical evaluation, which are, thereforey. of
importance.

For these families, this document explains how to express the.period for whi
factors. Such families include relays, aluminium capacitors (with non-solid electr

laser diodes, optocouplers, power transistors in cyclic- operation, connector
switches and keyboards.

In some cases a component operates solely in the wear-out phase due to its ph

where use is made of a physical degradation €nechanism and nearly all comp
where there is a mechanical interaction. These component types will always be

confirmed by Weibull analysis of failure data (see |IEC 61649 for details).

me points which separate these operating periods cannot be determined exag
hl terms the time dependence curvesfor any single component type could be signif

modes and distributions.
bre details on these different phases refer to IEC 61649 and IEC 62308.
Expected values of failure rate
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tions. Therefore data from previous products and from field data from the organ
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ted values for modules and equipment may be too great.

f the

Failure rate data, stated according to this document, should therefore be taken as statistical
"expected values" for operation under the given reference conditions for the time period given
and the total population, i.e. it is to be expected that in future use, under the conditions given,

the av

C.44

erages obtained will be the values cited.

Sources of variation in failure rates

A failure rate generated from collecting data on equipment will be dependent upon all the
circumstances under which the equipment operates. Consequently, the failure rate data
should only be used for predictions on equipment in which the circumstances are similar. if
the circumstances are different then the predicted failure rate will need to be adjusted.
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Unfortunately, the circumstances of a data collection are rarely adequately described,
Therefore, any data will be based on some explicit assumptions, some implicit assumptions,
and some assumptions that are not addressed in this document.

It is important to appreciate that a failure rate is not an intrinsic and immutable property of a
piece of equipment. An engineer involved either in collecting or using data should fully
understand the factors that influence failure rate derivation and use.

Circumstances that can create variations in failure rates are:

e Component detail

When collecting data, it is possible that information that is important to the differenftiation
of [failure rate is lost. This is often the case when a taxonomy or categorization.is uged to
group component types.

e Suitability for service

Suijitability for service is related to the quality of a component. When making a prediction
the analyst should, wherever possible, try to assess the validity of the)assumptions|made
forl the particular situation and establish if the equipment represented by the datp was
properly fabricated, used appropriate materials of constructiong-was properly maintained,
wds operated within design conditions and was designed to appropriate standards.

e Fajilure mode combinations

Grgat care therefore should be taken when using failure’data to ensure that the deflinition
of |failure modes used to gather the failure data is~the same as the definition of failure
maq@des that are being expected and is not a mix ©f different failure mode definitiong. This
is |of particular importance when handbook data or failure data provided by an external
sojrce is used. If the types of failure mode definition cannot be identified, thgn the
oufcome of any prediction may not matchtthe actual observed behaviour. See 4{1 and
Annex A for more details on failure modes.

e Maintenance

Thie maintenance strategy for equipment will significantly affect both the numbgr and
seyerity of failures. An inadequate preventive maintenance programme will not prevent
failures, a cursory routine inspection programme may detect some potential failures,|and a
full preventive maintenance programme may pick up potential failures as incipient failures
rafher than waiting until théy occur.
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D.1

Annex D
(informative)

Considerations on mission profile

General

Mission profile is defined as the complex of conditions of use experienced by components

during

their life.
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ons. Careful consideration of the mission profile is needed in order to” fully unde
affects the component reliability.
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When the only variation on component conditions is dormancy, the failure rate for intermittent
operation between an operating condition and a dormant condition is obtained using
Equation (D.1)

with

where

Aop

A

Aop = A% Zop

ﬂop:W+p><(1—W)

is the failure rate, when dormant conditions occur;

is the failure rate for the specific component:

(D.1)

(D.2)
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ref>

— and for failure rate predictions at operating conditions, the failure rate according to

the equation stated in 5.2.1 based on Equation (2);

Zop Is the operating stress factor;

w is the ratio of operating time of component with stress to operating time of assembly,

o<w <1,

p is a constant. This is the failure rate reduction factor from nominal operating conditions
to dormant conditions (no electrical stress applied) and takes into account that even
non-stressed components may fail,0 < p<1; a typical assumption is p =01 when no

D.3
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Stress level

Full stress |

Partial stress 1 4

Partial stress 2

Partial stress 3
Dormant T —T— T T
2 4 6 8 10 12 14 16 18 20 22 24

Hours
IEC

Figure D.1 — Mission profile

The fdilure rate for a mission profile, 1,5, as shown in Figure D.1 is the\weighted average of
the failure rates under different stress levels

1 N
Ags = = (tf/zf + zi: Jo.ipi + zdzd) (D.3)
tr+ ) i+l

with
Aa = px s (D.4)
where
tf is the fraction of time with full (nominal)stress;
lpi is the fraction of time with partial stress i;
tq is the fraction of time at dormant\conditions;
A is the failure rate at full (nominal) stress;
Api is the failure rate at partial’stress i;
Aq is the failure rate during dormancy;
Yol is the reduction factor from operating conditions to dormant conditions (no eldctrical
stress applied)ya typical assumption is p =0,1 if no other information is availablg;
N is the number of stress levels.

D.4 | Example of mission profile

The failuré rate of assemblies is needed for the planning of stock holding. The asgembly
operates with an average daily operation time of 12 hours with full stress, six hours at partial
stress with reduced failure rate and six hours dormant.

The following failure rates were predicted:

— 2400-107° h™! at full stress;
— 1400-10° h" at partial stress;
— 10 % of failure rate at full stress is assumed for dormant state (see D.2).

The failure rate for alternating stress is as follows:

Aas =;(tf,1f + +ti,1i)=i(12.2 400 +6-1400 +6-01-2400)-10°° h'"=1610 -107° h™"
1t +ip +1; 24
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Annex E
(informative)

Useful life models

General

Failure rates dealt with in this document are assumed to be constant either for an unlimited
period of operation (general case) or for limited periods. The limitation of useful life applies
only for some few component families, reaching the wear-out failure period (during which

For
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(E.1)

Ontocoo laore
GPTUCOUOYICTS

E.3.1 Useful life L

Depending factors for the useful life of optocouplers are the

— junction temperature ¢; expressed by factor Lg;

input current /¢ (operating and test condition) expressed by x and x;

transfer ratio m defined through final/initial transfer ratio expressed by «y;

cumulative failure ratio (in percent) expressed by x3.

The useful life of the optocoupler in hours is given by
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L=1Lyxkyxkq4XKgXK3 (E.2)

E.3.2 Factor L

The factor L, which is a function of the junction temperature 6, gives the useful life at

reference conditions:

— operating input current /r = 50 mA (x5 = 1);

— transfer ratiom = 0,5 (g = 1);
— testinput current ’F =1 mA (1(" = 1);
— cumulative failure ratio 10 % (x5 =1).
and can be expressed by the following equation
4640
Ly =04 xexp| —— E.3
0 p{ej +273J (E-3)
or der|ved by the following graph
e
S 107
1086
108
N
104) | .
0 10 20 30 40 50 60 70 80 90 100 110 120
Junction temperature 6;, °C
IEC
NOTE |For moulded plastic optocouplers, the junction temperature is limited to 90 °C.
E.3.3 Factor «,
The factor kg is giving the influence of the operating input current and is defined by
50
Ko (E.4)

- input current (operating, mA)
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E.4 LED and LED modules

E.4.1 Useful life L

Depending factors for useful life of light emitting diode’ modules are the

— junction temperature ¢; expressed by factor Lg;

— operating input current expressed by «g;

— optical power ratio m defined through final/initial optical power expressed by x;

— measurement current /- expressed by xs:

— cumulative failure ratio (in percent) expressed by 5.

Useful| life of LED and LED modules in hours is given by
L =LyxKgXKHXKyXKg

E.4.2 Factor L,

The factor Ly which is a function of the junction temperature 6 ,gives the useful life

follow|ng reference conditions:

— opgrating input current Iz = 100 mA (@ =1);
— optical power ratio m = 0,5: (xcy = 1);
— opfical power measuring current /r = 100 mA (o =1);
— cumulative failure ratio 10 % (3 =1).

and can be expressed by the following equations.

g

5)

at the

Diode type Factor [ expressed in hours

Lo = 23105 x exp| 7000 x| —— 1
0,85 pm diodes o, +273 343

(0:6.8V)

Ly =87-10% xexp| 7000 x 1
1,3 um diodés 0;+273 343

(0,6 eV)

or can bederived by thefottowimggrapt:

1 According to IEC 62007.
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107 \\ NG
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106 \ \/
\ N
N\
\\ 0,85 um diodes
\\//
104 .

0 20 40 60 80 100 120

Junction temperature 0;, °C
IEC

E.4.3 Factor x

The fqctor x; gives the influence of the operating input current and is defined by

100

Fo = operating input current\(mA) (E.8)
E.4.4 Factor x,
The factor x; is a function of the<selected o\
optical power ratio where 102
final optical power
initial opticakpower
and can be derived ffom the graph. 1
0,1 -
< 82 -4 &6 -5 1
m
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E.4.5 Factor «,

The factor x, is a function of the optical

— 85 -

the graph.

; o |
power measuring current /r and can be “
derived from the graph. !
prd
///
vl
4
//
7
0,1 r
1 10 10(
IF’ mA
IEC
E.4.6 Factor x5
The fgctor x; depends on the cumulative ok
failure| ratio given in percent as shown in
10 =
1 //
0,1

E.5 | Aluminium, -hon-solid electrolyte capacitors

The main influencing factor for useful life L of non-solid electrolyte aluminium capacitors

capacjtor temperature 6¢ in °C.

Y

10 30 50 70 90 99
Cumulative failure ratio,

NOTE Other factors as applied voltage and ripple current to life are disregarded at this stage.

Useful life in hours is given by

Om+5-0¢
L =0TDx 2[ 10 J
where
oTD is the qualification test duration in hours;
O

Oc = Oampient +5  is the capacitor temperature in degrees Celsius.

%
IEC

is the

(E.9)

is the maximum temperature of the climatic category in degrees Celsius;
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The “qualification test duration” depends on the technology type and can also be denoted as

“base lifetime” of the capacitor.

E.6 Relays

According to IEC technical committee 94 (All-or-nothing electrical relays) there are no general

models for the useful life of relays.

Data on useful life can be obtained from data sheets or directly from manufacturers of the
component type or, if not available, suitable life tests should be performed according to

IEC 6 840-21ECc-64840-24andEC648424-

E.7 | Switches and keyboards

Failure rate of switches and keyboards is assumed to be constant but only within the sp

numbgr of switching cycles.

Examples for useful life limitation are given in Table E.1.

Table E.1 — Useful life limitations for switches{and keyboards

Type Limitations
(cycles)
Toggle and push button switches Between 20 000 and 100 000
Rotary switches 20 000

Keyboards

Between 500 000 and 1 000 000

E.8 |Connectors

Useful life of connectors is limited. The number of mating/unmating cycles should not ¢

the spjecified value (or the value'given by the manufacturer).

pcified

xceed
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Annex F
(informative)

Physics of failure

F.1 General

The physics of failure (PoF) approach proactively incorporates reliability into the design
process by establishing a scientific basis for evaluating new materials, structures, and
electronics technologies. Information to plan tests and screens, and to determine electrical
and thlermal-mechanical stress margins are identified by the approach.

The PloF approach encourages innovative, cost-effective design through the use{of rqalistic
reliability assessment and is an attempt to identify the "weakest link" of a design to gnsure
that the required equipment life and reliability is exceeded by the design.

The methodology generally ignores the issue of defects escaping from the manufagturing
process and assumes that product reliability is strictly governed by\the predicted life |of the
weakgst link.

At thg integrated circuit level for instance, example models address microcircuit die pttach
fatigue, bond wire flexure fatigue and die fatigue cracking. ‘Phe models are very complgx and
requirg detailed device geometry information and materidls properties. In general, the models
are mpst useful in the early stages of designing devices but not at the assembly levell when
flexibility no longer exists to change device designs.

The PpF approach is not only a tool to allow/better and more effective designs but it gan be
an aiq for cost-effective approaches for improving the entire approach to building ele¢tronic
systems. However an understanding of the*PoF is necessary in applications which afford little
oppor{unity for testing, or for reliability .growth.

Relialility assessments based onv\PoF methods incorporate reliability into the design process
with the intention that the system meets the user requirements. Predicting the reliabllity of
electronics is a hard engineering task since there are too many factors, both controllablje and
unconIroIIable, which cannot’be readily identified, quantified, or combined into an all-inglusive
and deterministic equation. However, some progress has been made to simplify the prediction
proceg$s. For example) software exists which will predict the fatigue life of solder [joints,
companent leads,.and plated through holes. This software is based on finite element analysis
(FEA)|and the résults of such complex FEA of assemblies have become an integral part|of the
design process, and provide a more comprehensive reliability prediction process thah was
availaple inthe past.

|n PO' BRaocad nradictinn madallinas o Arabhahiliotin maacshanics hoond anne~ash 1o ion The
oo C O T e Ot o O T o P oo oot e e oo tco— oo o Co—apPppPTroat o HSed.

goal is to use PoF principles with appropriate failure probability density distributions to design
for failure-free operation and predict times for components now available, as well as new
components resulting from new materials, technologies and processes. The stress-margin
approach, using models based on PoF analysis is used as an alternative to standard stress
based approaches.

Much of the focus on PoF has been on the failure of integrated circuits and so a brief outline
of failure mechanisms as a basis for a PoF approach is given in F.2.

Failure mechanisms details and models for many other device types can be found in such
repositories as RIAC WARP.
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Failure mechanisms of integrated circuits

The end of life period of an integrated circuit is supposed to appear far beyond the utilization
period of the equipment. This assumption has to be assessed by a preliminary qualification.

The main observed failures in semiconductors are caused by thermomechanical constraints
applied to components mounted on PCBs. The failure rate related to the humidity is
insignificant (for active components, especially since the general use of nitride based
passivation). Furthermore, in these studied environments no defect related to mechanical
shocks or to vibrations or to chemical contamination has been observed. Consequently, these

failure

mechanisms have not been taken into account in the models.

The main failure mechanisms are listed in Table F.1.

Table F.1 — Failure mechanism for Integrated circuits

Type Silicon technologies GaAs technologies Packages
Mecharlisms Electromigration Gate sink Thermal fatigue
Oxides ageing Ohmic contact degradation(~ Purple plague
Hot electrons Gate and drain lagging

Charge gain and charge loss | Electromigration

Thermal fatigue

Purple plague

The in

soft efrors, when the function is fully retrieyable without outside intervention, for ex

provok

packape materials. This failure rate due fo-Soft errors may be of the same order of mag

as the

For in
consid

tegrated circuit model used in this document does not include the failure rate
ed by the creation of electron-hole pairby the passage of alpha particle emitted

intrinsic failure rate, especially forndynamic memories.

erface circuits, the integrateld circuit models used in this document include a failu
ered to be constant, duerte external electrical influences. This failure rate deper

jue to
ample
by the
hitude

e rate
ds on

the elgctrical environment of\the equipment, given that the equipment does have primjary or

seconfdary protections, depending on the state of the art of the period observed. (F
purposges of this document, interface circuits are taken to be circuits or devices connecti
equipment to the outside’ environment.)

pr the
hg the
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G.1

Annex G
(informative)

Considerations for the design of a data base on failure rates

General

This document requires failure rates in order to be useful. These can be obtained from a
number of sources the most useful of which would be field usage data, the second most
useful would be test related data, most probably obtained from the component manufacturers.

The H

collection of reliability data, which is converted to input for the database, from whete it ¢
retrieed by people or organizations in order to make failure rate calculations on th
highen level of aggregation.

G.2 | Data collection acquisition — collection process

Guidapce on data collection is given in IEC 60300-3-2.

G.3 | Which data to collect and how to collect it

The uge of failure data drives the way it should be. collected. The final use should her
clearly defined before setting up the data collection equipment as, once it is develope
very difficult and costly to make changes because some information is missing, which

for thg end-user.

The pfediction models are not intended 16’ describe the physical behaviour of the compq

or exf
data. |

lain their failure mechanisms,~but to represent the best estimate based on obs
[hey seek to represent what happens to equipment in real field conditions in the s

state part of the life cycle.

When

asic idea behind the information given in the following clauses is that.therg is a

an be
b next

ce be
1, it is
s vital

nents
erved
feady-

the final purpose for using failure models is to provide design objectives, data g

from the field should belsuitably filtered in order to eliminate from the observed pop

those
failure

When

items that havenot yet reached reliability maturity, i.e. items affected by equi
s, design errors; or infant mortality.

analysing field data that has come from testing and repair in repair centres, a s

topic o be-Carefully considered is diagnostics coverage. In fact, more than one compon

even

b Jarge number) may be removed during repair, and the percentage “no fault

(NFF)

oming
lation
ment

becific
bnt (or
ound”

may be above the generally accepted limit of around 20 %. which is considered

to be

the mi

nimum that is normally achievable.

On the other hand, if the result is aimed at spare parts dimensioning (logistics), either at
component or equipment level, other situations should be considered when deciding what
data to collect:

e NO

fault found (NFF);

e imperfect diagnostics;

e incorrect use of components that lead to systematic failures;

e maintenance not correctly performed and human errors;

e external factors (electrical and environmental);

e the learning curve of manufacturing processes;
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e the case where multiple components are removed to carry out a repair;
e the case when a component failure causes the failure of other components.

G.4 Calculation and decision making

Failure rates in the database are derived from all or some of the reported information. Ideally
they are determined from the field while also taking test results from external sources into
account and then adapting these to the reference conditions.

For data obtained from the field, all failures should be included that can be reproduced during
the tesgtingof-thereptacedeauipment{e- fes re-tndividtatreasons ofr-failures
are ngt important here (e.g. manufacturing fault of a component, stress, external effeets|within
the rapge of the specified values). Experience shows that in some of the rejected)equipment
no fajlures can be found. These pieces of equipment should be not considered fpr the
determination of the failure rate. It can be necessary for users to take these"NFF parfs into
accoupt separately when planning spare-parts logistics.

For dgdta obtained from test, the principles of IEC 60300-3-5 should bg fotlowed.

While |confidence limits are of value for interval estimates of thé data determined from| tests,
they are not reasonable for expected values.

G.5 |Data descriptions

As a minimum any data base should contain information on the following.

1) Cagmponent identification and specification~data
a)| Identification
b)| Component technology
2) Specification of component
a)| Electrical specification of Component
b)| Environmental specification of component.
3) Cgmponent field related data
a)| Method of selection of monitored components
b)| Field conditions
c)| Data onfailures during field operation
4) Cgmponent test related data

a)| Method of selection of test components

b) Test conditions
c) Data on failures during test

For a solely field failure database item 4 would be omitted, and for a test database item 3
would be omitted.

The following clauses outline the minimum recommended contents of these data items.

G.6 Identification of components

G.6.1 General

The information supplied to identify the components should be in accordance with the relevant
IEC or internationally recognized management quality systems publications for the component
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type under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be
given. Only information applicable to a particular component type should be supplied.

Examples of the specific information required for different component types can be found in
IEC 61360-4.

G.6.2 Component identification

— A description of the component type with sufficient details to uniquely identify the
component type, for example N-channel V-MOS transistor. When available, specification
numbers should be given.

— Thle component part number. If available, a universal part number, for example| stock
number, should be given; otherwise a part number specific to the componentymanufdcturer
may be given.

— Ngme of the manufacturer and place of manufacture. The purpose of these references is
to pllow access to more detailed information if required.

— Thle date of manufacture or lot number or other production batch related identifigation.
Thiis information will allow access to other components that were produced at the| same
time as the sample should a problem arise.

— The production status of the component, for example” development sample| pre-
production, standard production, mature technology.

— Infprmation regarding compliance with other reCognized standards should be |given
wHhenever possible.

G.6.3 Component technology

— A description of the basic component techfiology, for example metal film resistor.
— A general description of the production-process, for example ion beam epitaxy.
— Pdckaging information, for example-plastic, hermetic weld.

— Thermal resistance, for example ‘Rthj-a, Rthj-c.

— Cdmplexity of circuit.

— Magthod of termination, fer example endcaps, DIL, SMD.

G.7 | Specification'of components

G.7.1 General

The information supplied to specify the components should be in accordance with the relevant
IEC of internationally recognized management quality systems publications for the component
type Jnder test whenever possible. If IEC or internationally recognized management muality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be
given.

G.7.2 Electrical specification of components

— Relevant information about ratings and characteristics should be supplied. These
references taken from the applicable component specifications will depend on the type of
test performed. For example, if power cycling tests are performed then the ratings for
power dissipation should be given.

— Information should be given about any pre-test screening the components to be tested
may have undergone. The results of such screening should be given.
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G.7.3 Environmental specification of components

Information should be given regarding the maximum environmental conditions the
components can withstand, for example temperature, humidity, acceleration.

G.8 Field related issues data

G.8.1 General

The field environmental conditions should be those described in the relevant IEC or
internationally recognized management quality systems publications for the components in
operafion whenever possible. If TEC or internafionally recognized management quality
systems publications are not available, then other specifications should be used™and the
source of the specifications stated. The following minimum information should be suppligd.

G.8.2 Actual field conditions

— Thle source of the results, for example the quality assuranceOdepartment o¢f the
manufacturer.

— A |description of the field conditions used, for example the €lectrical, mechanical and
enyjironmental conditions. The field conditions should be identified by quoting the refevant
IEC or other test specifications where possible.

— Thle number of components exposed to the field canditions. Where a compongnt is
avpilable in a number of different values, for exanmiple resistors, capacitors, the yalues
pr¢ésent and the quantity of each value should be stated.

— A fescription of the characteristic measured, for. example resistance, and the meapguring
cophditions. Where the measurement conditions are specified by IEC or | other
spgcifications, then the specification numbershould be given.

— If more than one method of characteristic’ measurement is permissible then a descfiption
of the method used should be given. This description should contain all relevant detgils.

— Thle operation start date, duration-and measurement intervals should be stated.

G.8.3 Data on field failures

— The number of failures abserved, categorized by environmental conditions and type of
failure modes should be stated with percentage occurrence. ldentified failure mechgnisms
shpuld be stated with'their associated activation energies and temperature ranges.

— Th
— Splecial eventstduring operation, for example events which might have affected the résults.

e times at which the failures occurred or were verified.

— Cdmplete (data from operation should be presented whenever possible but if data from
opgerations® are discarded, these data and the reasons why they are not given fn the
prgsentation or results, should be given separately.

- Fa t e O wAw, WE S "OphIC
failures), are normally defined by the requirements given by the specification to which
reference is made in the field report. If failure criteria for the components are not given by
the reference specification, they should be stated.

— Failure rate which can be assumed to be constant.

— The operating time of components during which the failure rate is assumed to be constant
should be indicated (i.e. useful life). Failure rates found will preferably be stated in failures
per 10% h of operation. The value of 60 % is often used as the upper confidence level for
failure rates.

— Failure rate which cannot be assumed to be constant.

e The operating test time can be divided into a number of separate periods and the
results for each of these periods evaluated separately. The necessary time periods
which have to be distinguished and the number of failures which occur during each
time period should be given. If the results can be satisfactorily approximated by a


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 © IEC 2017 -93 -

G.9 | Test related issues data

G.9.1 General

mathematical function, it would be useful to present these functions, as well as the
period during which they are applicable. In all cases, mean lifetime, failure distribution
and the influence of derating should be stated. For life-limited components, an
appropriate model should be suggested.

Influence of stresses.

e As failure rates are dependent on the type and the intensity of stress, all failure rate
data should be presented with the applied stress levels. Furthermore, it can be
important to know the correlation between failure rate and stress (temperature, power,
vibration, etc.) and, where possible, the activation energy of the failure mechanism
should be supplied. Therefore, failure rate values obtained at different stress levels
should be supplied separately.

The test and sampling conditions should be those described in the-“relevant IEC or
internationally recognized management quality systems publications.for the components
under| test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other test specifications should be used apd the
source of the specifications stated. The following minimum information should be suppligd.

G.9.2 Actual test conditions

Thie source of the results, for example the _quality assurance department ¢f the
mgnufacturer.

A |[description of the test conditions used, far'example the electrical, mechanical and
enyironmental conditions. The test conditions should be identified by quoting the relevant
IEC or other test specifications where possible.

Thie number of components under test: Where a component is available in a numper of
different values, for example resistors, capacitors, the values tested and the quar]tity of
earh value should be stated.

A fescription of the characteristic measured, for example resistance, and the meapuring
copditions. Where the ~measurement conditions are specified by IEC or |other
spgcifications, then the specification number should be given.

If more than one method of characteristic measurement is permissible then a descfiption
of the method used\should be given. This description should contain all relevant detdils.

)

TT test start date, duration and measurement intervals should be stated.
e

Where a delay exists between the cessation of the test and the commencemgnt of
megasurements, then the time duration should be stated. The storage conditions during this
dejay, should also be stated. Any conditioning stress applied to the components pefore
megasurement should also be stated.

G.9.3 Data on test failures

The number of failures observed, categorized by test conditions and type of failure modes
should be stated with percentage occurrence. ldentified failure mechanisms should be
stated with their associated activation energies and temperature ranges.

The times at which the failures occurred or were verified.
Special events during testing, for example events which might have affected the results.

Complete data from tests should be presented whenever possible but if data from tests
are discarded, these data and the reasons why they are not given in the presentation or
results, should be given separately.

Failure criteria for the components (for degradation failures as well as for catastrophic
failures), are normally defined by the requirements given by the specification to which
reference is made in the test report. If failure criteria for the components are not given by
the reference specification, they should be stated.
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Failure rate which can be assumed to be constant.

The test time of components during which the failure rate is assumed to be co

nstant

should be indicated (i.e. useful life). Failure rates found will preferably be stated in

failures per 109 h of operation. The value of 60 % is often used as the
confidence level for failure rates.

— Failure rate which cannot be assumed to be constant.

upper

The total test time can be divided into a number of separate periods and the results for

each of these periods evaluated separately. The necessary time periods which h

ave to

be distinguished and the number of failures which occur during each time period
should be given. If the results can be satisfactorily approximated by a mathematical

function it would he useful to prncnnf thase functions 2as wall as thg pnrinrl
I H

uring

— Inf

G.10

Table

which they are applicable. In all cases, mean lifetime, failure distribution.ar
influence of derating should be stated. For life-limited components, an_ apprd
model should be suggested.

uence of stresses.

As failure rates are dependent on the type and the intensity of stress, all failur
data should be presented with the applied stress levels. Furthermore, it c

d the
priate

e rate
an be

important to know the correlation between failure rate and stress (temperature, power,

vibration, etc.) and, where possible, the activation energy(of the failure mech
should be supplied. Therefore, failure rate values obtained at different stress
should be supplied separately.

Failure rate database attributes

G.1 describes some of the attributes of a database suitable for reliability predictio

anism
levels

=
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Table G.1 — Reliability prediction database attributes

Categories of information

Detailed information

Purpose

Component identification

Manufacturer
Part No
Link to datasheet

To filter for component, product line
and manufacturer

Component categorization

Component main category
Technology

Complexity

Mechanical size

Housing

Thermal considerations

To filter for similar items.

compttance 1SSues
— standards
— certificates

Manufacturing specific information
like hazardous substance issues,
packaging, lot sizes, tests performed
during manufacturing, etc.

To filter for parts which fulfil fertain
regulative requirements,

To allow for checking agains
manufacturing {Ssues, which [could
be rejection criteria.

Usage ¢ategorization

Function/Purpose

Environmental conditions

To filter fon Specific types of
application of the part, which|cause
a cértain set of electrical strgss.

(Referepce) Failure rate

To/state the failure rate applicable
to the reference conditions gfven.

(Referepce) Conditions

To state the conditions appli¢able to
the reference failure rate givén.

Stress nodel

n-factors applicable and their
mathematical combinatien

To determine how to convertffailure
rates from reference conditiohs to
application operating conditigns.

InformIon related to elements of
the streiss model

Parameters, formulae or tables
necessary to determine the value of
the relevant g+factor

To determine the values for the =n-
factors.

Data cdnsidered for calculation of
the failgre rate or reference to the
detaileq calculation

Reference to detailed calculation.

Component hours

To retrieve the full story.

To estimate the relevance and
credibility of the data.

Confidgnce interval (if any)

Data such as upper, lower limit,
probabilities

To estimate the accuracy of fhe
failure rate given.

Further|information concerning the
data foqming the basis for the-failure
rate

Age of data

Component hours

Failures

Confidence limit and related data

Originafjor information

Originator of the calculation
Date of issue
Date of storage in database

To ensure traceability.
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Annex H
(informative)

Potential sources of failure rate data and methods of selection

General

When performing reliability prediction, it is advisable to use current reliable sources of field
data whenever they are available and applicable as long as they are valid for the equipment.
Annex H gives some guidance on how to select appropriate sources.

H.2

Data {
— us
—  m3
— ha

If use
then

Data source selection

hould be obtained from the following sources in the given order of preference:

br data;
nufacturer's data;
hdbook data.

he manufacturer’s data should be examined and{if judged suitable, used.

manuflacturer’s data is available then handbook data or-0ther data should be examined

judgeq

If no
neces
to use

suitable, used.

5ity tasks for obtaining further data, for.example by a reliability test programme, w
expert judgement or whether to accept the fact that data is not available fi

particdilar component under consideration.

In all

neces
justify
techni

jug
- if
sh
- if

sary to justify the use_ofi-reliability prediction as a valid reliability technique
ng the actual method.and data sources used. In order to justify the use
gue, in this case reliability prediction, there are a number of considerations that n

be mTe
— if neliability prediction is the only way to perform the task or generate information th

tification should say why this is the only way;

eliability_prediction is not the only way, yet it is the best way, then the justif
buldssay why this is the best way;

eliability prediction is not the only way nor the best way then the justification

data is available for the prediction then it should be wsed. If no user data is available

If no
and, if

Hata source can be found, a risk assessment should be performed to determipe the

hether
br the

cases however, in order to efisure that work is technically correct, it is necessary to
presemt justification for the choices made while the work is performed. It is no

rmally
before
bf the
ced to

en the

cation

should

sp

scy why Tt 1S being used.

Once reliability prediction is justified then the actual prediction methodology (parts count or
parts stress or some hybrid) should be justified. This is carried out in the same manner as the
justification for prediction:

— if method “X” is the only way to perform the prediction then the justification should say why
this is the only way;

— if method “X” is not the only way to perform the prediction, yet it is the best way, then the
justification should say why this is the best way;

— if method “X” is not the only way nor the best way then the justification should specify why
it is being used.

Once the methodology is justified, the data sources used as input data should be justified.
This is done in the same manner as above.
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The justification should be recorded so that the decisions made during the process can be
defended at some later date. The justification information can be used along with the results
of a prediction as part of any dependability case (as defined, for example, in IEC 62741).

H.3 User data

User data is that which has been produced by the organization performing the prediction for
the sole purpose of deriving reliability information about components that can be obtained in
no other way. Data can be, for instance, from in house testing, user field experience, lessons
learned, or expert judgement.

If usef data is available, check whether data is collected and presented in accordance with
applicpble standards and a detailed review of data collection and analysis processes $hould
be made. IEC 60300-3-2 and IEC 60300-3-5 are available guides to these processes.

For field data the following should be reviewed: data collection procedures, relevapce of
failurels, and analysis techniques. Data required to quantify the prediction ‘model is obtained
from dources such as warranty records, customer maintenance record§,~eomponent suppliers,
or expert elicitation from design or field service engineers. If fieldfailure rate data hag been
collected then the conditions (environmental and functional stresses) for which the valups are
valid ghould also be stated.

For tgst data the following should be reviewed: tests_and tests conditions applied fo the
companents, lot sampling, number of lots, manufacturing, testing period, and failure anglysis.
When| using failure rates that have been determihed under laboratory test conditipns a
distingtion should be made in the way in which failure rates are obtained, since in most ¢ases,
the fallure criteria applicable to the test are not directly transferable to field applications|and it
is therlefore advisable to use field data whereveriit is available and applicable.

The fgilure rates stated should be understood as expected values for the stated time interval
and the entirety of lots, and they should'be operated under the stated conditions, i.e. |t is to
be expected that in future use undefr-the given conditions the stated values will, on avgrage,
be oRtained. Confidence limits \for expected values of components are not reas¢nable
becauge they only apply for estimated failure rates based on life tests.

H.4 | Manufacturer’s.data

Manumacturer’s data.ris that which is supplied by the manufacturer based on test§ of a
particyilar component.

If mapufaCturer’s data is available, check whether data is collected and presenfed in

accordanhce with applicable standards and a detailed review of data collection and analysis

doaa - chaould ba rmada 100 cN2NN 2 9 ~nd IEC AN2NN 2 B Sra o o0 abla caudaoc o th
prOCG ST o STIOUTO— O CTTTaUCt T TTE O D000 U~ Uz ot o DU oo U—oU- o arc avannaorc—guraT oo ese

processes.

For manufacturer's data the following should be reviewed: tests and tests conditions applied
to the components, lot sampling, number of lots, manufacturing and testing period, and failure
analysis.

If a manufacturer's stated values originate from accelerated tests with high stresses and have
been converted to normal levels of stress for a long period through undifferentiated use of
conversion factors, they may deviate from the values observed in operation. Due to the
different procedures used to determine failure rates by the manufacturer (e.g. worst case
tolerance) and by the user (e.g. function maintained despite parameter changes, fault
propagation law), more favourable values may be obtained.
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Handbook reliability data

General

Failure rate data of components are published in several reliability handbooks. Usually the
data published is component data obtained from equipment in specific applications, for
example telephone exchanges. In some cases the source of the data is unspecified and may
not be obtained from field data. Due to this reason, failure rate predictions often differ
significantly from field observations and can often lead to misleading conclusions.

Table H.2 prowdes |nformat|on to the user concernlng data sources for component fallure rate
determirrs . e

is not |ntended to give a preference for sources. It remains up to the user to determine
ource is relevant for their application. Note that there are a number of hapdbeoks and
standards that describe reliability prediction, but only those that contain data afe tlisted here.
nformation is given for the convenience of users of this document™~and dogs not
ute an endorsement by the IEC.

data

This i
consti

H.5.2
The fd
Step (
Step (
Step (

Exam

For 4
detern

Step (
Step (

Step (

Using handbook data with this document

llowing steps are recommended:

Select an appropriate handbook (see H.5.3);

Define reference conditions, for example those stated in this documen
Clauses 6 to 20);

Determine the failure rate with these conditions.

ble:

e, and
which

(see

general-purpose transistor, the _failure rate at reference conditions should be
nined. Results are given in Table H<1.

1)
2

Select a Handbook, e.g. MIL-HDBK-217F, 1995 (it serves here only as an exa
Define reference conditions (see 7.1)

Reference junction‘temperature: 6 =55°C,

Voltage ratio"Uyes /Upat =05 (Upes is 50 % of rated voltage)

Determine failure rate at reference conditions
(e.g. from MIL-HDBK-217F:1995, Clause 6.6)

ApSAp X TT X IR X Tg X TQ X TE

7, =018-107%h"

Imple)

0. =55°C
z7 =19 for ref

7R =043 for rated power < 0,1 W
7g =021 for Vg =Uyef /Upat =05
Q =1, g =1

Jref = Ap =018-107° hx19x043x021x1x1~309 10~ h"”
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Table H.1 — Result of calculation for transistors common, low frequency

12
Component oif Uref /Urat Aref

Bipolar, universal -9 .1
e.g. TO18, TO92, SOT(D)(3)23 or similar 55 309-10°"h
Transistor arrays 55
Bipolar, low power 85
e.g. TO5, TO39, SOT223, SO8, SMA-SMC
Bipolar, power 100 0,5
e.g. TO3, TO220, D(D)-Pack
FET junction 00

MOS 55
MOS power (SIPMOS) 100
e.g. TO3, TO220, D(D)-Pack

H.5.3 List of available handbooks

Table H.2 — Sources of reliability data (in alphabetical order)

Data source

Short description

1. AT8T Reliability manual

Klingef, David J.,Yoshinao Nakada, and Maria A.
Mener|dez, Editors, AT&T Reliability Manual, Van
Nostrgnd Reinhold, 1990, ISBN:0442318480

The AT&T reliahility manual outlines prediction models
and contains ¢omponent failure data. The main
prediction odels include a decreasing hazard rate
model for early life failures, which is modelled us|ng
Weibull/data, and a steady- state hazard rate mogel
using\constant failure rate data. In this respect thie
handbook is unique.

2. Predliction of component failure rates for PSA on
nuclegr power plants 1982-1997

Availaple as a paper:

“Predi¢tion of component failure rates for PSA™on
nuclegr power plants 1982-1997”. Author; KIRIMOTO
YOSH|HIRO (Cent. Res. Inst. of Electr.-Power Ind.,
Nucl. [nf. Center) MATSUZAKI AKIHIRO(Cent. Res.
Inst. of Electr. Power Ind., Nucl. Inf-"Center) SASAKI
ATSU$HI(Cent. Res. Inst. of ElectrPower Ind., Nucl.
Inf. Cgnter) Journal title; Denryoku Chuo Kenkyujo
Genshjryoku Joho Senta Hokoku

Journgl Code:L2958A
VOL.;NO.P00001;PAGEM04P(2001)

This document describes the revised component failure
rate calculated by re-prediction on 49 Japanese l|ght
water reactors from 1982 to 1997.

3. FIDES

Availaple on thelinternet

FIDES is a reliability data handbook developed by a
consortium of French industry under the supervisjon of
the French Department of Defense (DGA).

The FIDES methodology is based on physics of failures
and is supported by the analysis of test data, fieldl
returns and existing madelling

4. Guidelines for process equipment reliability data —
With data tables

Available from Center for Chemical Process
Safety/AIChE ISBN: 978-0-8169-0422-8 Electronic
ISBN: 978-1-59124-568-1.

These guidelines were written to provide process
safety practitioners and their managers with the
information required to estimate statistical failure rates
for pumps, valves, heat exchangers, instruments and
other chemical process equipment. The failure rates
are essential for making a chemical process risk
analysis to predict the risk of various process and
facility scenarios.

5. HRD5: British Telecom Handbook of reliability data

This method is available in a number of commercial
reliability software packages.

HRDS5 is a reliability standard developed by British
Telecommunications plc that also provides models for
a wide range of components. In general, HRD5 is
similar to CNET 93, but provides simpler models and
requires fewer data parameters for analysis.
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Data source

Short description

6. IEEE 493-2007

Available from I[EEE Customer Service

The IEEE book with recommended practice for the
design of reliable, industrial and commercial power
equipment provides data concerning equipment
reliability used in industrial and commercial power
distribution equipment.

7. IRPH 2003: Italtel Reliability prediction Handbook

Available from ltaltel spa - Italy

The lItaltel prediction handbook was first published in
1993 as the result of collaboration among many
European organizations and companies, in particular a
study group involving British Telecom, ltaltel and
CNET.

The result of these studies lead to the publication of
throao \lirhlally identical Hanr“*\nnl{e’ h\JI CNET (DF‘F 93)‘

Italtel (IRPH 93) and British Telecom (HRD 5). IRPH
2003 adopts the failure rate models of IEC 61709
(1996), with some simplifications to make(them epsier
to use. Reference failure rates are mainly derived from
field data and based on a collaboration with Siemnens.

8. HDBK-217Plus

Availaple on the internet

Reliability Information Analysis Center (RIAC)
replacement prediction methodology for MIL-HDBK-217

9. MIL}HDBK-217

MIL-HPBK-217F Reliability prediction of electronic
equipment

Availaple on the internet

MIL-HDBK-217, Reliabilitysprediction of electroni
equipment, has been the mainstay of reliability
predictions for about 40Q years.

10. NHRD 2016

Availaple on the internet

NPRD 2016,data provides failure rates for a wide
variety of items, including mechanical and electrd
mechanical parts and assemblies.

The.document provides detailed failure rate data|on
over 25 000 parts for numerous part categories
grouped by environment and quality level.

11. N§WC-11 Handbook of reliability prediction
procedures for mechanical equipment.

Availaple on the internet

This handbook, developed by the Naval Surface
Warfare Center — Carderock Division provides faifure
rate models for fundamental classes of mechanichl

components.

12. Offshore and onshore reliability data (OREDA)

Availaple from Oreda

The handbooks contain reliability data from offshpre
equipment compiled in a form that can easily be §ised
for various safety, reliability and maintenance anglysis.

13. UT|E C80-810
Availaple from AFNOR

This handbook is known as UTE C80-810 Reliability
data handbook. This handbook covers most of the
same components as MIL-HDBK-217. This handhook
was originally named RDF.

14. Rdliability data fer.safety instrumented equipment
PDS dpta handboek, 2006 Edition

Availaple on.thetinternet

Reliability data dossiers for field devices (sensor:
valves) and control logic (electronics) are presenged,
including data for subsea equipment.

15. FajluferMode/Mechanism Distributions FMD-2016

FMD-2016 Databook contains field failure mode 3and
mechanism distribution data on a variety of electfical,

Availabfe omn the mternet

mechanical, and electromechanical parts and
assemblies.

16. Safety Equipment Reliability Handbook - 4th
Edition

Available from ISA (International Society of
Automation)

This publication contains information on failure rates,
failure mode distributions, diagnostic detection
capability, and common cause susceptibility. This
handbook was created to supply that information in a
format specific to safety integrity verification. The data
is formatted such that it can be directly used in safety
verifications and to allow for easy comparison of
equipment items or designs.

17. Siemens SN 29500

Available from Siemens AG
Corporate Technology

The Siemens SN 29500 failure rates of components
and expected values method was developed by
Siemens AG for use of Siemens and Siemens
associates as a uniform basis for reliability prediction.
SN 29500 is based on IEC 61709 and states failure
rates under reference conditions as described in this
document.
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Data source Short description
18. TELCORDIA SR-332 The SR-332, Reliability prediction procedure for
) . . ) . electronic equipment, documents the recommended

This method is available in a number of commercial methods for predicting device and unit hardware

reliability software packages. reliability.

19. Various software Many pieces of reliability software contain reliability
data. In many cases this is data taken from one of the
above sources but in some cases the data is unique to
the software.
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Annex |
(informative)

Overview of component classification

General

Component identification is the most important element of any codification system because it
establishes a unique identification for every item of supply. The identification consists of the
minimum data required to establish clearly the essential characteristics of the item, i.e. those

chara
a brie

Unfortunately it is not possible to give a translation table between these descriptions a
one used in this document.

This document recommends the use of the IEC 61360 standards to define the comgy

type.
descri

1.2

This d
prope

companents to subassemblies and full equipment. Although originally conceived in the ¢

of pro
areas

equipment and sub-equipment.

It pro

chara
descri
to be

The p
collec
mater
IEC 6
no su

docunjent contains lower level detail in terms of component types than in IEC 61360-4
the clause will have “+” noted beside it.

In Ta

releva£t properties to each of the classes so established in order to describe ful

terisiics that give It a unique character and diirerentiate 1t from all others. Annex
overview of the generic component description standards which may be encoun

This component tree is described in Table 1.1 and will allow users of the IEC
ptions to find component models easily in this document.

The IEC 61360 system

ties (data element types) of all elements of _&lectrotechnical equipment from

iding a basis for the exchange of information*on electric components, it may be u
outside the original conception such as assemblies of components and electroted

ides for establishing a classification hierarchy and the allocation of applicabl
teristics of objects belonging“to’ that class and hence it facilitates the exchange @

bxchanged in a computerssensible form.

art of IEC 61360 _that is of interest is IEC 61360-4 which provides the IEC refg

als used in glecetrotechnical equipment. Table I.1 contains the classification tr
360-4 cross-referenced against the relevant clause in this document. In cases
h data exists in this document, the clause is noted as “N/A” (not available). Whe

gives
tered.
hd the

onent
61360

ocument provides a basis for the clear and unambiguous definition of characferistic

basic
ontext
sed in
hnical

and
ly the
f data

ing electrotechnical equipment through a defined structure in order for the inforgation

rence

ion of classes-and associated characteristic properties for electric componenfs and

ce for
where
re this
, then

ble 1.1 below, the headings L1 to L5 represent the descriptive level tags given in

IEC 61360-4. Each level tag adds another layer of description to the component type. Note
that for completeness each of these descriptions should have the terms “IECREF:CO:EE” for
“IEC reference collection, Components, Electric-Electronic” or “IECREF:CO:EM” for “IEC
reference collection, Components, Electromechanical” placed in front of it. Hence the full code

fora “

fixed air capacitor” would be “IECREF:CO:EE:CAP:FIX:AIR”.

Note also that only the component categories are listed in Table 1.1, the geometric data has
been omitted.
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Table 1.1 — Classification tree (IEC 61360-4)

Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 | L4 | L5
ELECTRIC COMPONENTS
Amplifier AMP 6+
Amplifier, low frequency AMP LF 6+
Amplifier, low frequency AMP LF PWA 6+
power
Amplifier, low frequency AMP LF VTA 6+
voltage
Amplifigr, low frequency AMP LF VTA DFA 6%
voltage|differential
Amplifigr, low frequency AMP LF VTA DFA ACA 6+
voltage|differential AC-
coupled
Amplifigr, low frequency AMP LF VTA DFA OPA 6+
voltage|differential DC-
coupled
Amplifigr, low frequency AMP LF VTA SSA 6+
voltage|single sided
Amplifigr, radio frequency AMP RF 6+
Amplifigr, wide band AMP WB 6+
Antenna ANT N/A
Antenna, capacitive (whip) ANT CAP N/A
Antenna, inductive ANY IND N/A
(ferrocqptor)
Antenna, resistive (tuned ANY RES N/A
dipole)
Battery BAT N/A
Battery| primary BAT PRI N/A
Battery| secondary BAT SEC N/A
Capacifor CAP 9+
Capacifor, fixed CAP FIX 9+
Capacifor, fixed air CAP FIX AIR 9+
Capacifor, fixed ceramic CAP FIX CER o+
Capacifor, fixed ceramic, CAP FIX CER cL1 9+
class 1
Capacifor, fixed ceramie, CAP FIX CER CL2 9+
class 2
Capacifor, fixed;-electrolytic CAP FIX ELC 9+
Capacifor{fixed electrolytic CAP FIX ELC STAN 9+
with solid\tantalum electrolyte
Capacitor, fixed electrolytic CAP FIX ELC NTAN 9+
with non-solid tantalum
electrolyte
Capacitor, fixed electrolytic CAP FIX ELC SAL 9+
with solid aluminium
electrolyte
Capacitor, fixed electrolytic CAP FIX ELC NAL 9+
with non-solid aluminium
electrolyte
Capacitor, fixed, film CAP FIX FLM 9+
Capacitor, fixed, glass CAP FIX GLS 9+
Capacitor, fixed, mica CAP FIX MIC 9+
Capacitor, fixed, multilayer CAP FIX MLAY 9+
Capacitor, fixed, paper CAP FIX PAP 9+
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Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5
Capacitor, variable CAP VAR 9+
Conductor CND N/A
Conductor, bare CND BAR N/A
Conductor, insulated CND INS N/A
Conductor, insulated, cable CND INS CBL N/A
Conductor, insulated, cable, CND INS CBL POW N/A
power
Conductor, insulated, cable, CND INS CBL SIG N/A
signal
Condudtor, insulated, cable, CND INS CBL SIG LF N7A]
signal, low frequency
Condudtor, insulated, cable CND INS CBL SIG HF N/A
signal, high frequency
Condudtor, insulated, CND INS IWR N/A
insulatdd wire (single
conducfor)
Delay lipe DEL N/A
Diode device DID 7+
Diode device, bridge rectifier DID BRI 7+
Diode device, diode DID DIO 7+
Diode device, diode, break DID DIO BOD 7+
over digde
Diode device, diode, rectifier DID DIO REC 7+
diode
Diode device, diode, signal DID DIO SIG 7+
diode
Diode device, diode, stabilizer DID DIO STB 7+
diode
Diode device, diode, stabilizer DID DIO STB CUR 7+
diode, qurrent regulator
Diode device, diode, stabilizer DID DIO STB REF 7+
diode, Joltage reference
Diode device, diode, stabilizer PID DIO STB REG 7+
diode, Joltage regulator
Diode device, diode, stabilizer DID DIO STB STA 7+
diode, gtabistor
Diode device, diode, stahilizer DID DIO STB SUP 7+
diode, fransient suppressor
Diode device, diode)} variable DID DIO 7+
Diode device; Veltage DID VMP 7+
multiplier
Fibre optics EIRQPTIC Q.
Fibre optics, links FIBOPTIC LINKS 8+
Fibre optics, connectors FIBOPTIC CONN 8+
Fibre optics, switched FIBOPTIC SWi 8+
Fibre optics, branches FIBOPTIC BRA 8+
Fibre optics, couplers/splitters | FIBOPTIC COuUP 8+
Fibre optics, attenuators FIBOPTIC ATT 8+
Fibre optics, detectors FIBOPTIC DET 8+
Fibre optics, isolators FIBOPTIC ISOL 8+
Fibre optics, networks FIBOPTIC NETW 8+
Fibre optics, light sources FIBOPTIC SOURC 8+
Fibre optics, modulators FIBOPTIC MOD 8+
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Component description

IEC 61360-4 classification tree

Clause in this

L1 L2 L3 L4 L5 document
Fibre optics, FIBOPTIC TXRX 8+
transmitters/receivers
Fibre optics, waveguides FIBOPTIC WG 8+
Fibre optics, cables FIBOPTIC CAB 8+
Fibre optics, filters FIBOPTIC FIL 8+
Fibre optics, lens FIBOPTIC LENS 8+
Filter FIL 12
IC IC 6+
IC, analog/digital IC AD (o
IC, analog IC ANA B+
IC, digifal IC DIG 6+
IC, digifal, combinational IC DIG CsSl 6+
sequentfial interface (CSI)
IC, digif{al, microcontroller IC DIG MUC 6+
IC, digifal, microprocessor IC DIG MUP 6+
IC, digi{al, programmable IC DIG PLD 6+
logic dgvice (PLD)
IC, digifal, storage IC DIG STO 6+
IC, digifal, storage, CAM IC DIG STO CAM 6+
IC, digifal, storage, CCD IC DIG STO CCD 6+
IC, digifal, storage, RAM IC DIG STO RAM 6+
IC, digifal, storage, RAM, IC DIG STO RAM DRAM 6+
dynami¢
IC, digifal, storage, RAM, IC DIG STO RAM SRAM 6+
static
IC, digi{al, storage, ROM IC DIG STO ROM 6+
IC, digifal, storage, register IC DIG STO REG 6+
IC, peripdic/DC IC PER 6+
Inductof IND 11+
Inductof, fixed IND FIX 11+
Inductof, fixed, deflection IND FIX DFL 114
units
Inductof, fixed, choke IND FIX CHOKE 11+
Inductoy, fixed, coil IND FIX COIL 11+
Inductof, fixed, linearity IND FIX LININUT 11+
control unit
Inductof, fixed,)antenna IND FIX ANT 114
inductofs
Inductor, Tixed, solenoids TND FTX SOLC TT+
Inductor, variable IND VAR 11+
Lamp LAM 18+
LCD LCD 8+
Microwave components MIC 12+
Optoelectronic device OPT 8+
Optoelectronic device, image OPT IMAGE 8+
pickup device
Optoelectronic device, OPT PHC 8+
photocoupler
Optoelectronic device, OPT PHE 8+
photoemmiter
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Component description

IEC 61360-4 classification tree

Clause in this

document

L1 L2 L3 L4 L5
Optoelectronic device, OPT PHE IRD 8+
photoemmiter, infrared
emitting diode
Optoelectronic device, OPT PHE LAS 8+
photoemmiter, LASER
Optoelectronic device, OPT PHE LED 8+
photoemmiter, LED
Optoelectronic device, OPT PHS 8+
photosensor
Optoel ctromic u'cv;\.,c, oPF PHS HR 8T
photoségnsor, infrared
Optoeldctronic device, OPT PHS U 8+
photosgnsor, ultraviolet
Optoeldctronic device, OPT PHS VIS 8+
photosgnsor, visible radiation
Oscillator OSC 13+
Piezoelectric device PE 134
Printed|wiring circuit PWC N/A
Resistof RES 10+
Resistof, fixed RES FIX 10+
Resistoy, fixed, linear RES FIX LIN 10+H
Resistor, fixed, linear, resistor RES FIX LIN MUL 10+H
network
Resistoy, fixed, linear, single RES FIX LN SIN 10+
Resistoy, fixed, linear, single, RES FIX LIN SIN CHIP 10+
chip
Resistoy, fixed, linear, single, RES FIX LIN SIN FUS 10+
fusing
Resistoy, fixed, linear, single, RES FIX LIN SIN LP 10+
low power
Resistoy, fixed, linear, single, RES FIX LIN SIN PREC 10+
precisidn
Resistof, fixed, linear, single, RES FIX LIN SIN PWR 10+
power
Resistoy, fixed, linear, single; RES FIX LIN SIN THERM 10+
PTC
Resistoy, fixed, non-linear RES FIX NLN 10+H
Resistoy, fixed, nonélinear, RES FIX NLN LDR 10+
light dependent
Resistoy, fixednon-linear, RES FIX NLN TDR 10+
thermisfor
Resistoy, fixeéd, non-linear, RES FIX NLN TDR NTC 10+
thermistor, NTC
Resistor, fixed, non-linear, RES FIX NLN TDR PTC 10+
thermistor, PTC
Resistor, fixed, non-linear, RES FIX NLN VDR 10+
varistor
Resistor, variable RES VAR 10+
Resistor, variable, RES VAR POT 10+
potentiometer
Resistor, variable, RES VAR POT PRESET 10+
potentiometer, preset
Resistor, variable, RES VAR POT PRECROT 10+
potentiometer, rotary
precision
Resistor, variable, RES VAR POT SLIDE 10+
potentiometer, slide
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Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5
Resistor, variable, RES VAR POT LPROT 10+
potentiometer, low power
rotary
Resistor, variable, RES VAR POT PWRPROT 10+
potentiometer, power rotary
Resistor, variable, two RES VAR TT 10+
terminal
Resonator RESON 13+
Sensor SEN N/A
Sensor] relative humidity SEN HUM NY/A
Sensor] light SEN LGT N/A
Sensor] magnetic field SEN MGN N/A
strengt
Sensor] nuclear SEN NCL N/A
Sensor] pressure SEN PRS N/A
Sensor] proximity SEN PRX N/A
Sensor] temperature SEN TMP N/A
Spark daps SPARK N/A
Spark daps, air SPARK AIR N/A
Spark daps, gas filled SPARK GAS N/A
Transformers TFM 114
Transfogrmers, power TFM POW 114
Transfgrmers, power, fixed TFM POW FIX 114
Transformers, power, variable TFM POW VAR 11+
Transfogrmers, signal TFM SIG 11+
Transfogrmers, signal, fixed TFM SIG FIX 11+
Transformers, signal, variable TFM SIG VAR 11+
Transisfors TRA 7+
Transisfors, bipolar TRA BIP 7+
Transisfors, bipolar, power TRA BIP POW 7+
Transisfors, bipolar, power, TRA BIP POW LF 7+
low frequency
Transisfors, bipolar, power, TRA BIP POW HF 7+
high frefquency
Transisfors, bipolarssignhal TRA BIP SIG 7+
Transisfors, bipolar) signal, TRA BIP SIG LF 7+
low frequency
Transisfors),, bipolar, signal, TRA BIP SIG HF 7+
high frefquenty
Transistors, FET TRA FET 7+
Transistors, FET, power TRA FET POW 7+
Transistors, FET, power, low TRA FET POW LF 7+
frequency
Transistors, FET, power, high TRA FET POW HF 7+
frequency
Transistors, FET, small signal TRA FET SIG 7+
Trigger device TRG 7+
Trigger device, DIAC TRG DIA 7+
Trigger device, thyristor TRG THY 7+
Trigger device, thyristor, fast TRG THY FTO 7+
turn off
Trigger device, thyristor, gate TRG THY GTO 7+
turn off
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Component description

IEC 61360-4 classification tree

Clause in this

document

L1 L2 L3 L4 L5
Trigger device, thyristor, TRG THY RVB 7+
reverse blocking
Trigger device, TRIAC TRG TRI 7+
Tubes TUB N/A
Tubes, CRT TUB CRT N/A
Tubes, CRT, colour display TUB CRT COL N/A
Tubes, CRT, monochrome TUB CRT MCR N/A
display
Tubes, os-fitted o8 GAS NTA
Tubes, photo sensitive TUB PHO N/A
Tubes, ppace charge TUB SCC N/A
controlled
Tubes, ppace charge wave TUB SCW N/A
Tuner TUN N/A
ELECTROMECHANICAL
COMPQNENTS
Connedtor CON 14+
Connedtor, circular CON CIRC 14+
Connedtor, IC CON IC 14+
Connedtor, plug and jack CON JACK 14+
Connedtor, plug and jack, CON JACK ASSY 14+
plug aspembly
Connegdtor, plug and jack, CON JACK CMPLX 14+
complek jack boards
Connegdtor, plug and jack, CON JACK CONC 14+
concenfric type
Connedtor, plug and jack, CON JACK CONC JACK 14+
concenfric type, jack
Connegdtor, plug and jack, CON JACK CONC MULT 14+
concenfric type, multiple
Connedtor, plug and jack, CON JACK CONC PLUG 14+
concenfric type, plug
Connegtor, plug and jack,pin CON JACK PIN 14+
type
Connegtor, plug and-jack, pin CON JACK PIN JACK 14+
type, jafk
Connegtor, plug-and jack, pin CON JACK PIN MULT 14+
type, mpltiplé jack
Connegtor;iplug and jack, pin CON JACK PIN PLUG 14+
type, plug
Connector, plug and jack, pin CON JACK PIN SHLD 14+
type, shielded jack
Connector, plug and jack, CON JACK PWR 14+
D.C. power type
Connector, plug and jack, CON JACK PWR CAR 14+
D.C. power type, car
Connector, plug and jack, CON JACK PWR JACK 14+
D.C. power type, jack
Connector, plug and jack, CON JACK PWR PLUG 14+
D.C. power type, plug
Connector, modular CON MOD 14+
Connector, printed circuit CON PCB 14+
board
Connector, rectangular CON RECT 14+
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Component description IEC 61360-4 classification tree Clause in this
L1 L2 L3 L4 L5 document

Connector, radio frequency CON RF 14+
Connector, sockets CON SOCK 14+
Connector, sockets, antenna CON SOCK ANT 14+
feeder
Connector, sockets, fuse CON SOCK FUSE 14+
holder
Connector, sockets, IC CON SOCK IC 14+
Connector, sockets, light CON SOCK LIGHT 14+
Connedfor, sockets, PCB CON SOCK PTB T4
Connedtor, sockets, power CON SOCK PWR 144+
socket
Connedtor, sockets, signal CON SOCK SIG 14+
socket
Connegtor, sockets, transistor CON SOCK TRA 14+
Connedtor, sockets, tube CON SOCK TUBE 14+
Connedtor, sockets, quartz CON SOCK XTAL 14+
crystal
Connedtor, terminals CON TERM 14+
Connegdtor, terminals, array CON TERM ARRY 14+
Connedtor, terminals, board CON TERM BRD 14+
Connegtor, terminals, rod CON TERM ROD 14+
Connedtor, terminals, small CON TERM SM 14+
Connedtor part CONPART 14+
Connedtor part, contact CONPART | CONTACT. 144
Connedtor part, accessories CONPART ACCY 14+
Connedtor part, tool CONPART TOOL 14+
Connedtor part, shell CONPART SHELL 14+
Connedtor part, insert CONPART INSERT 14+
Fuse FUS 13+
Fuse, current activated EUS CUR 13+
Fuse, thermally activated FUS TERM 134
Loudsppaker LSP N/A
Loudspgaker, electromagnetic LSP ELM N/A
Loudspgaker, electrOstatic LSP ELS N/A
Loudspgaker, ionic LSP ION N/A
Loudspgaker; LSP MGD N/A|
magnetpdynamic
Loudspbkaker =) MGS N/A|
magnetostrictive
Loudspeaker, moving LSP MVC N/A
conductor
Loudspeaker, piezoelectric LSP PXE N/A
Loudspeaker, pneumatic LSP PNM N/A
Microphone MIC N/A
Motor MOT N/A
Motor, linear MOT LIN N/A
Motor, linear, AC MOT LIN AC N/A
Motor, linear, DC MOT LIN DC N/A
Motor, linear, step MOT LIN STP N/A
Motor, linear, universal MOT LIN UNI N/A
Motor, rotational MOT ROT N/A
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Component description IEC 61360-4 classification tree Clause in this
document
L1 L2 L3 L4 L5

Motor, rotational, AC MOT ROT AC N/A
Motor, rotational, DC MOT ROT DC N/A
Motor, rotational, step MOT ROT STP N/A
Motor, rotational, universal MOT ROT UNI N/A
Relay REL 16+
Switch SWi 17+
Switch, mechanical SWi MEC 17+
Switch, reed SW]I REE 17L
Switch,|thermostatic SWI THE 17H
MAGNHTIC PARTS
Hard mpgnetic part HRD N/A
Soft mggnetic part SFT N/A
1.3 Other systems
1.3.1 General
This information is given for the convenience of usérs of this document and dogs not
constifute an endorsement by the IEC.
1.3.2 NATO stock numbers
The NATO Codification System (NCS) has*been in place since the mid-1950s. It prpvides
standards for the use of common stogk® identification equipment throughout the [NATO

alliang
which
CONSiS
equivg
comm

1.3.3

The United Nations' Standard Products and Services Code® (UNSPSC®) provides an

global
code
Nation

refers to an item required foracquisition in order to satisfy a logistics need.
t of one or many "items of production” (i.e. a product of a specific manufacturer)
lent "fundamental charagcteristics". The NCS provides NATO countries with unifor

UNSPSC codes

multi-sector standard for efficient, accurate classification of products and services
s usedito classify all products and services. It was jointly developed by the
s Development Programme (UNDP) and Dun & Bradstreet Corporation (D & B) in

e. The NCS identification process”is based on the "item of supply" concept, & term

It can
having
m and

pn equipment for the (identification, classification, and stock numbering of items of
supply.

open,
. This
nited
1998.

1.3.4

STEP

STEP/EXPRESS

(Standard for the Exchange of Product data) is the colloquial

term for

ISO 10303-31:1994 and is targeted at the exchange of data describing a product between
computer aided engineering equipment (e.g. CAD, CAM), and also long-term retention of such
data.

EXPRESS is the language used within STEP to formally define the semantics of the data. It is
a lexical object information modelling language and is defined in 1SO 10303-11:2004.
EXPRESS is used in many other activities outside STEP.

1.3.5 IECQ

IECQ is a body that awards qualification of various different types to the manufacturers of
components. In order to do this it specifies the standards (called blank detail specifications)
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that a component should meet. Each of these standards has a number and components of
that particular quality are often called by the number of the relevant standard.

1.3.6 ECALS

The computer readable standard dictionary of semiconductor devices and general electronic
components (usually referred to as the "ECALS Dictionary") was developed by the
standardization project of the ECALS steering committee of the Japan Electronic and
Information Technology Industries Association (JEITA). It is based on the standard developed
in the ECALS-2 project on development of a global supply chain foundation for
semiconductors and electronlc components one of the advanced information development

the ECALS Dictionary has been developed pursuant and with reference to IEC61360 (aII
parts)]and to ISO 13584 (all parts) to the greatest possible extent.

1.3.7 ISO 13584

ISO 18584 is not a series of standards that defines electric components)per se, it comlprises
howeVer a series of standards for the computer-sensible representation and exchange ¢f part
library] data. The objective is to provide a mechanism capable_ofotransferring parts |ibrary
data, [ndependent of any application which uses a parts library 'data base. The nature pf this
description makes it suitable not only for the exchange of files‘containing parts, but alsp as a
basis for implementing and sharing databases of parts library data.

1.3.8 MIL specifications

A Unjted States defence standard, often called a military standard, "MIL-STD", or
"MIL-$PEC", is used to help achieve standardization objectives by the U.S. Departmlent of
Defenpe. According to the Government Accountability Office (GAQO), military specifﬁations
"desclibe the physical and/or operational characteristics of a product", while ilitary
standards detail the processes and madterials to be used to make the product. Thg GAO
acknowledges, however, that the terms-are often used interchangeably.

The MIL-SPEC documents define various component types, for instance MIL-C-18312
descripes fixed capacitors with,a metallized paper-plastic, or plastic film dielectric, for use in
direct| current application and packaged in a hermetically sealed metal case. In|many
organijzations the compenent types become known by the MIL specification number (|n this
case, [18312).
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Annex J
(informative)

Presentation of component reliability data

J.1 General

This document requires failure rates in order to be useful. As has already been explained (see
H.5.3) these can be obtained from a number of sources, the most useful of which would be
from field operation data. The second best sources is to obtain the data from component
manufacturers and Annex J outlines how this data should be presented for use with this
document. It is most likely that this form of manufacture data will be derived from tests:

AnneX J outlines the content of a report generated by the component manufacturgr and
descripes the data that should be contained within it. This is based-'on the stgndard
IEC 60319 and replaces guidance previously provided by that standard.

It is gssential for component manufacturers to present reliability data for users in order to
make |decisions on use as well as predict failure rates and risks! It is essential thpt the
companent manufacturers provide summary data on reliability—characteristics and factors
affecting the failure rate prediction of the components in the*component data sheetg. It is
essential that this is provided in a concise fashion. It should not be necessary for ugers to
look aLseveraI documents to get the basic data. In order\to be concise, detailed reliability test
data should be provided separately if required.

As a minimum any manufacturer’s data report should contain information on the following:

1) Cgmponent identification and specification.data
a)| Identification
b)| Component technology
2) Specification of component
a)| Electrical specification-of:component
b)| Environmental specification of component
3) Cgmponent test related data
a)| Method of sglection of test components
b)| Test conditions
c)| Data en._failures during test

The fdllewing clauses outline the minimum recommended contents of these data items.

J.2 Identification of components

J.2.1 General

The information supplied to identify the components should be in accordance with the relevant
IEC or internationally recognized management quality systems publications for the component
type under test whenever possible. If IEC or internationally recognized management quality
systems publications are not available, then other component specifications should be used
and the source of the specifications stated. As a minimum, the following information should be
given. Only information applicable to a particular component type should be supplied.

Examples of the specific information required for different component types can be found in
IEC 61360-4.
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J.2.2 Component identification

A description of the component type with sufficient details to uniquely identify the
component type, for example N-channel V-MOS transistor. When available, specification
numbers should be given.

— The component part number. If available, a universal part number, for example stock
number, should be given; otherwise a part number specific to the component manufacturer
may be given.

— Name of the manufacturer and place of manufacture. The purpose of these references is
to allow access to more detailed information if required.

— The date of manufacture or lot number or other production batch related identification.

— Thle production status of the component, for example development sample| pre-
preduction, standard production, mature technology.

— Infprmation regarding compliance with other recognized standards should be |given
wHhenever possible.

J.2.3 Component technology

— A description of the basic component technology, for example metal film resistor.

— A general description of the production process, for example ion(beam epitaxy.

— Packaging information, for example plastic, hermetic weld.

— Thermal resistance, for example Rij.a, Rinjc -

— Cdagmplexity of circuit.
— Magthod of termination, for example end caps, DIL,"SMD.

J.3 | Specification of components

J.3.1 General

The information supplied to specify.the components should be in accordance with the relevant
IEC of internationally recognized management quality systems publications for the component
type Under test whenever possible. If IEC or internationally recognized management quality
systems publications are not.available, then other component specifications should bg used
and thie source of the specifications stated. As a minimum, the following information shopld be
given.

J.3.2 Electrical'specification of components

— Rglevant jinformation about ratings and characteristics should be supplied. [These
references taken from the applicable component specifications will depend on the type of
tegt performed. For example, if power cycling tests are performed then the ratinjgs for
poweér dissipation should be given.

— Information should be given about any pre-test screening the components to be tested
may have undergone. The results of such screening should be given.

J.3.3 Environmental specification of components
Information should be given regarding the maximum environmental conditions the

components can withstand, for example temperature, humidity, acceleration.

J.4 Test related issues data

J.4.1 General

The test and sampling conditions should be those described in the relevant IEC or
internationally recognized management quality systems publications for the components
under test whenever possible. If IEC or internationally recognized management quality
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systems publications are not available, then other test specifications should be used and the
source of the specifications stated. The following minimum information should be supplied.

Data obtained from reliability tests should be presented using graphical methods whenever

possible.

J.4.2 Actual test conditions

— The source of the results, for example the quality assurance department of the
manufacturer.

J.5

A description of the test conditions used, for example the electrical, mechanical and

en

tegt specifications where possible.

Th
dif]
ea
A

co
sp

If more than one method of characteristic measurement is permissible then a desc

of

w

m¢

de

megasurement should also be stated.

Thie number of failures observed, categorized by test conditions and type of failure. K
maqdes should be stated with peregentage occurrence. Identified failure mechanisms

be

Thie times at which the failures occurred or were verified.
Special events during testing, for example events which might have affected the resu

Cdamplete data from~tests should be presented whenever possible but if data from
are discarded, these’data and the reasons why they are not given in the presentat
results, should be.given separately.

Fajlure critefia-for the components are normally defined by the requirements given

sp
co

Farlure rate which can be assumed to be constant

TT test start date, duration and measurement intervals should be stated.
e

aranmantal conditione Thao toct caonditionce chanld ha idantifind by avotina tha o
T o e o o e oo e e o C oo —oTouTe—o o et e C—o y oot g

levant

le number of components under test. Where a component is available in @~aum
ferent values, for example resistors, capacitors, the values tested and the quan
ch value should be stated.

hditions. Where the measurement conditions are specified)yby IEC or
ecifications, then the specification number should be given.

the method used should be given. This description should,.contain all relevant dets

re a delay exists between the cessation of the test and the commencem

ay should also be stated. Any conditioning:stress applied to the components

Data on test failures

stated with their associated activation energies and temperature ranges.

bcification’ to which reference is made in the test report. If failure criteria f
mponents are not given by the reference specification, they should be stated.

ber of
tity of

description of the characteristic measured, for example resistance;.and the meaguring

other

Fiption
ils.

ent of

asurements, then the time duration should be stated. The storage conditions during this

before

Failure
should

ts.

tests
ion or

by the
pr the

The test time of components during which the failure rate is assumed to be co

nstant

should be indicated. Failure rates found will preferably be stated in failures per 10°
hours of operation. The value of 60 % is often used as the upper confidence level for

failure rates.

Failure rate which cannot be assumed to be constant

The total test time can be divided into a number of separate periods and the results for

each of these periods evaluated separately. The necessary time periods which h

ave to

be distinguished and the number of failures which occur during each time period
should be given. If the results can be satisfactorily approximated by a mathematical
function, it would be useful to present these functions, as well as the period during
which they are applicable. In all cases, mean lifetime, failure distribution and the
influence of derating should be stated. For life-limited components, an appropriate

model should be suggested, for example Weibull distribution.

Influence of stresses
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e As failure rates are dependent on the type and the intensity of stress, all failure rate
data should be presented with the applied stress levels. Furthermore, it can be
important to know the correlation between failure rate and stress (temperature, power,
vibration, etc.) and, where possible, the activation energy of the failure mechanism
should be supplied. Therefore, failure rate values obtained at different stress levels
should be supplied separately.
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Annex K
(informative)

Examples

Integrated circuit

T

at the virtual (equivalent) junction temperature of 6, =75°C (based on the component

ambie|

What
heatin

Step (
Step (

Step (

K.2

For a
Href =
The o

What

Step (
Step (

Step (

Nt temperature of 40 "C and the reference seli-neating of Al Of 35 C)J.

s the value of the failure rate at an ambient temperature of 6,,, =65 °C, and th
g of 35 °C?

1): A= Aef xzy for ICs from Equation (10).

P): 71 =29 follows from Table 14 with the virtual junetion temperature
reference conditions G, =75°C (: 40 °C+35°C), and ‘the actual virtual ju
temperature Oy = Oamp + ATrer = 65°C +35°C =1002C,

A= et xop =107 h1x29=290 -107° h7".

Transistor

b5°C and the reference voltagedratio Ues /Ut =05 is given as Je =2-10
perating voltage ratio is Ugp /Uy =08

s the failure rate value@tya junction temperature of 6,, =90°C?

1): A=At x ryxz7 for transistors from Equation (13).
P):  my =126"follows from Table 21 for Ug, [Urat =08 .

B): 742 follows from Table 23, with the reference junction tempg
e =55°C, and the actual junction temperature 6,, =90°C.

b self-

under
nction

B): Perform the calculation; the failure rate, ab 65, =65°C is obtaingd as

general-purpose transistor, the stated failure rate at the reference junction tempgrature

8 h 1

rature

Step (

K.3

4).< Perform the calculation, thus the failure rate at 6,, =90°C and Uop/Urat =

08 is

obtained as:

A= degg xmyxmr =2-108h1x126x42~106-10°h"

Capacitor

For a polypropylene film metal foil capacitor, the stated failure rate at the ambient
temperature 6,,, of 50 °C and the reference voltage ratio of U,y /Ut =05 is given as

1=35-102h".

What is the value of the failure rate at an ambient temperature of 6,,, =60°C and an
operating voltage ratio of Uop/Urat =067
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Step (
Step (

Step (

K.4

A dus
stress

Aref =

What

1): A= e xmy x 7 for capacitors from Equation (23)

2):  Conversion to reference condition:

7y =1 follows from Table 38 for U,g /U5t =05.

71 =18 follows from Table 40 for Gay, =60 =50°C.

Perform the calculation, thus the failure rate at reference conditions of g =40°C

and U, /Urat =05 (see 9.1, Table 36) is obtained as

-9 -1
Aref = ’ - 25 4104 Qh :1’94'1079 h~!

S RaEE 18
3): Conversion from reference to operating conditions:
my =15 follows from Table 38 for Ugp /Upat =0.6.

7t =31 follows from Table 40 for 6y, =60°C .

obtained as

Jop = ket Xy xar = 1941072 h'x15x31 ~ 9-107° 1),

Relay

region 4 (see 16.2.3, Figure 2) with motor Tead with alternating current:

s the value of the failure rate.under these conditions?
1): A= def x mgs x 7g xay for relays from Equation (32).
P):  7gs =20 follows from Table 53, stress region 4, inductive load.
4):
b):

)
)

B): g =1 followsfrom Table 51 and Equation (33).
) 1 = 18\follows from Table 56 with 0,4, =70°C.
)

Perform the calculation,
thus the failure rate, at the stated conditions is obtained as:

A= Ao xmgg x g x 7 =4-1072 h 1% 20x1x18 =144.107° h™".

Perform the calculation, thus the failure rate at 6, =60 °C “and Uop/Urat =

-tight general purpose relay with one normally open contact switches once per h

Ux10°h'; U =220V AC, 1=4A, Lz =16 A, ambient temperature 9,,,, =70°C.

06 is

our in
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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 normdlisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).ALMECQ a pour
objgt de favoriser la coopération internationale pour toutes les questions de normalisation dans les dgmaines
de [I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normes
intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessiples au
public (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiép a des
conités d'études, aux travaux desquels tout Comité national intéressé par le sujet.traité peut particiger. Les
orgdnisations internationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, patfticipent
également aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
seldn 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 donnetque les Comités nationaux de I'lEC
intéfessés sont représentés dans chaque comité d’études.

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

4) Dans le but d'encourager l'uniformité internationale, les‘Comités nationaux de I'lEC s'engagent, dans foute la
megure possible, a appliquer de fagon transparente le§’Publications de I'l[EC dans leurs publications nafionales
et rnegionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationfles ou
régipnales correspondantes doivent étre indiquée$s en termes clairs dans ces derniéres.

5) L'IEC elle-méme ne fournit aucune attestation’de conformité. Des organismes de certification indépéndants
fournissent des services d'évaluation de cenformité et, dans certains secteurs, accedent aux mardues de
conformité de I'l[EC. L’IEC n'est responsable d'aucun des services effectués par les organismes de cert|fication
indgpendants.

6) Toup les utilisateurs doivent s'assurerqu'ils sont en possession de la derniére édition de cette publicatig

>

7) Aucline responsabilité ne doit~etre imputée a I'lEC, a ses administrateurs, employés, auxiliafres ou
mar|dataires, y compris ses, _experts particuliers et les membres de ses comités d'études et des Comités
natipnaux de I'lEC, pour-teut préjudice causé en cas de dommages corporels et matériels, ou de toyit autre
donjmage 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
toutp autre Publication*de I'lEC, ou au crédit qui lui est accordé.

8) L'atlention est.attiree sur les références normatives citées dans cette publication. L'utilisation de publ|cations
réféfencées.est obligatoire pour une application correcte de la présente publication.

9) L’atjentign est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvdnt faire
I'objet«de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de RQrevets 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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Le texite de cette norme est issu des documents suivants:

ajout des modes de défaillance des composants a I’Annexe A;

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

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

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

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

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;

Aj s H—Sourcespotentiettesdedonméesdetauxdedéfaittance—et-méthodes

de|sélection;

Ajout de I'Annexe J, Présentation des données de fiabilité des composants, dfaprés
I'IEC 60319.

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

Le ragport de vote indiqué dans le tableau ci-dessus donne foute information sur le votelayant

aboutila 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
stabilifé indiquée sur le site web de I'lECxsous "http://webstore.iec.ch" dans les données

relativies a la publication recherchée. A cette date, la publication sera

re¢onduite,
supprimée,
remplacée par une édition-révisée, ou

amendée.

IMPORTANT - Le‘logo "colour inside" qui se trouve sur la page de couverture dg cette
publigation indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bpnnecompréhension 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

donné

es. 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

donné

es 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

comprmﬂ—l_l_l_t—l—l—l_l_l‘l_san S dans des equipementis. Toutefols, lorsque les composanis sont utllises dans
d'autr¢s conditions, les utilisateurs peuvent vouloir déclarer ces conditions comme| leurs

condit]

L'appl
défaill

ons de référence.

cation des modeéles de contraintes présentés permet d'extrapolér les talix de
ance 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 germet

d'estir
condit
trés u
a met
logisti

Les m
simplg
proprg
un niv

Le pr¢g

her 'effet des modifications de conception ou des changements observés daps les
ons d'environnement sur la fiabilité des composants. La prévision de fiabilité se févele
ile dans la premiére phase de conception des matériels., Elle peut servir, par ex¢mple,
fre en évidence de possibles défauts de fiabilité, a mettre au point les principges de
Hue de maintenance et a évaluer des conceptions.

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

sent document ne présente pas dettaux de défaillance, mais décrit les méthodes qui

permettent de les établir et de les utilise¥. Cette approche permet a un utilisateur de ¢hoisir

les ta
prévis
infor

modél

Il est
constd
des p

ix de défaillance les plus appropriés et actualisés a partir desquels il peut établir des
ons a partir d'une source de“son choix. Le présent document apporte également des
ations sur la méthode .de, sélection des données pouvant étre utilisées dams les
s présentés.

fait I'hypothése quetles taux de défaillance envisagés dans le présent documer|t sont
nts, soit pendantune période de fonctionnement illimitée (cas général), soit pgndant
eriodes limitées” La limitation de la vie est appelée durée de vie utile et s'applique

uniqugment a certaines familles de composants qui atteignent la période de défaillange par

usure
d'utilis
défaill

(au courstde laquelle le taux de défaillance augmente) pendant la période ngrmale
ation..RPar conséquent, il est fait I'nypothése que pendant la durée de vie, le tgux de
ance peut étre considéré comme constant pour une utilisation pratique quelconqué.

Pour les besoins du présent document, le terme composant électrique inclut les termes

"comp

osant électronique"”, "composant électrique" et "composant électromécanique"

couramment utilisés.


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 © IEC 2017 -133 -

COMPOSANTS ELECTRIQUES -
FIABILITE -

CONDITIONS DE REFERENCE POUR LES TAUX DE DEFAILLANCE

ET MODELES DE CONTRAINTES POUR LA CONVERSION

1 Domaine d'application

qui s
des a

Les ¢

normalisée connue a partir de laquelle les taux de défaillance peuvent étre modifiés &

prend
enviro
condit
condit
référe

premig¢re phase de conception.

Les m
utilisé

La m%hode exposée dans le présent document utilise le concept des conditions de réfé

ments.

nt les valeurs typiques des contraintes observées sur les composants dans la f
plications.

onditions de référence sont utiles dans la mesure ou ellés fournissent une

e en compte les différences observées dans I'environnement en fonctio
nnements pris comme conditions de référence. Chaque utilisateur peut appliqu
ons de référence définies dans le présent document ou bien appliquer ses p
ons de référence. Lorsque les taux de défaillance indiqués dans les conditio
hce sont utilisés, cela permet de réaliser des{prévisions de fiabilité réalistes

pdéles de contraintes décrits dans le présent document sont génériques et peuve
5 comme base de conversion des dennées de taux de défaillance dans ces con

rence,
lupart

base
fin de
n des
er les
fopres
ns de
jés la

nt étre
ditions

de référence, dans des conditions de fonctionnement réelles si nécessaire, ce qui sifnplifie

I'apprd

que dans les limites de fonctionnement spécifiées pour les composants.

Le pr§
consti
fourni
référe
compa
de tay
dispern

Le prg
elle fdg

che prévisionnelle. La conversion des données de taux de défaillance n'est pg

sent document donne @galement des recommandations concernant les méthode
uer une base de données de taux de défaillance des composants afin que le
5 puissent étre employés avec les modéles de contraintes fournis. Les conditid
hce pour les données de taux de défaillance sont définies, de fagon a permet|
rer, dans des eonditions uniformes, des données d'origines différentes. Si les do
x de défaillance sont fournies conformément au présent document, il est possible
ser d'infermation supplémentaire sur les conditions définies

ssible

5 pour
5 taux
ns de
re de
nnées
de se

sent_document ne fournit pas des taux de défaillance de base pour les compog

sants;

urhit en revanche des modeéles qui permettent de convertir les taux de défafllance

obtenus par d'autres moyens d'une condition de fonctionnement a l'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

3 Termes, définitions et symboles

3.1

Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60050-192 ainsi que
les suivants, s'appliquent.

L'1SO

en noi

o |E
e IS

3.1.1

comp
compd
tensio

Note 1
électriq

[SOUR
Note 1

3.1.2
défail
perte

Note 1
panne

Note 2
peuven
de gra

Note 3
peuven

[SOUR

3.1.3
mode
manié

t I'N'EC tiennent 3 jnllr des bhases de données h:rminnlngiqunc destinées 3 étre ut
malisation, consultables aux adresses suivantes:
C Electropedia: disponible a I'adresse http://www.electropedia.org/

D Online browsing platform: disponible a I'adresse http://www.iso.org/obp

bsant électrique

Le" et "composant électromécanique” couramment utilisés.

RCE: IEC 61360-1:2009, 2.18, modifiée — La-‘note existante a été supprimée
a l'article a été ajoutée]

ance <d’une entité>
e I'aptitude a fonctionner tel que requis

a l'article: La défaillance d’une entité ‘est un événement qui provoque une panne de cette ent
IEC 60050-192:2015, 192-04-01).

B |'article: Des qualificatifs tels, que catastrophique, critique, majeur, mineur, marginal et non sign
étre utilisés pour classer les\défaillances en fonction de la gravité des conséquences, selon des
té dont le choix et les définitions dépendent du domaine d’application.

a l'article: Des compléments tels que "par mauvais emploi", "par fausse manceuvre" et "par fi
étre utilisés pour classer les défaillances selon leur cause.

RCE: IEC 60050-192:2015, 192-03-01]

de defaillance
reseton laquelle une défaillance se produit

lisées

sant doté de terminaisons conductrices a travers lesquelles\on peut appliqugr des
hs ou injecter des courants
a l'article: Le terme composant électrique inclut les termes¢"composant électronique”, "con

hposant

et la

té: voir

ficative
critéres

ragilité”

Note 1

a l'article: Un mode de défaillance peut étre défini par la fonction perdue ou par la transition d'état qui
s'est produite.

[SOURCE: IEC 60050-192:2015, 192-03-17]

3.1.4

taux instantané de défaillance
taux de défaillance

limite, si elle existe, du quotient par At de la probabilité conditionnelle pour que la défaillance
d’une entité non réparable soit comprise dans l'intervalle de temps (¢, ¢ + Af), lorsque Ar tend
vers zéro, en supposant qu’'une défaillance ne se soit pas produite dans l'intervalle de temps

(0, )
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200 1 F(e+00)-F)  £()

S A R(¢) T R()

ou F(¢) et f(r) sont, respectivement, la fonction de répartition et la densité de probabilité a
I'instant de la défaillance, et ol R(¢) est la fonction de fiabilité, liée a la fiabilité R(z4, ¢,) par la
relation R(¢) = R(0, 1).

Note 1 a Il'article: Voir I'lEC 61703, Expressions mathématiques pour les termes de fiabilité, de disponibilité, de
maintenabilité et de logistique de maintenance, pour plus de détails.

Note 2 a l'article: D’autres termes sont utilisés pour désigner le taux instantané de défaillance: "fonction de
risque", "taux de risque" et "taux instantané de mortalité" (abréviation FOM - force of mortality).

Note 3 [a l'article: Dans le présent document, il est fait I'hypothése que A(¢) est constant dans la durde, sauf
indicatipn contraire explicite.

[SOURCE: IEC 60050-192:2015, 192-05-06, modifiée — La Note 3 & I‘article a)été ajout¢e]

3.1.5
conditions de référence
contrdintes sélectionnées de maniére a correspondre a la plupart des applicatigns et
utilisafions de composants dans des équipements

Note 1 & I'article: Les contraintes incluent les contraintes électriques,”la température et les copditions
d'envirgnnement.

3.1.6
taux de défaillance de référence
taux de défaillance établi dans les conditions de référence données dans I'lEC 61709

Note 1 p I'article: Le taux de défaillance de référence‘est spécifique au composant, c'est-a-dire qu'il tient|compte
des eff¢ts de la complexité, du type de boitier, de l'influénce des fabricants et du procédé de fabrication, etq.

3.1.7
cycle|de service
séquepce spécifiée de conditions.de fonctionnement

Note 1 p l'article: Le cycle de service précise si les composants subissent des contraintes de fagon permanente
ou intefmittente pendant leur utilisation. Le service continu désigne une utilisation de longue durée ayec des
chargeg constantes ou variables(par exemple, commandes de procédés, commutateur téléphonique). Le|service
intermitgent désigne une utilisation avec des charges constantes ou variables pendant I'état actif (par ekemple,
commapdes numériques de machines, feux de signalisation routiers).

[SOURCE: IEC 80050-151:2001, 151-16-02, modifiée — La Note 1 & l'article a été ajoutge]

3.1.8

état de fonctionnement <d'une entité>
état dtns lequel le fonctionnement est tel que requis

Note 1 a I'article: Pour un composant, cela signifie qu'il est sous tension et/ou connecté a une charge.

[SOURCE: IEC 60050-192:2015, 192-02-04, modifite — Les Notes 1 et 2 a I'article ont été
remplacées par une nouvelle Note 1 a l'article]

3.1.9
état de non-fonctionnement <d'une entité>
état ne permettant pas de réaliser une fonction requise quelconque

Note 1 a I'article: Le terme "en non-fonctionnement" qualifie une entité dans un état de non-fonctionnement.

Note 2 a l'article: Un composant peut étre dans un état de non-fonctionnement en raison d'une défaillance ou
parce qu'il se trouve dans un état vacant (IEC 60050-192:2015, 192-02-14), s'il n'est pas exigé qu'il soit dans un
état de disponibilité, dans une période d'attente (IEC 60050-192:2015, 192-02-10) pendant la durée exigée ou
dans un temps d'incapacité externe (IEC 60050-192:2015,192-02-24), lorsque le non-fonctionnement est di a
I'absence de ressources externes.
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[SOURCE: IEC 60050-192:2015, 192-02-06, modifié¢e — La Note 2 a l'article a été ajoutée]

3.1.10
état dormant
état d'une entité inactive capable de devenir active

Note 1 a l'article: Pour un composant, cela signifie qu'il est prét a étre mis sous tension et/ou connecté a une

charge.

3.1.11
attente <d’une entité>
état de disponibilité et de non-fonctionnement pendant une période requise

[SOURCE: IEC 60050-192:2015, 192-02-10]

3.1.1
état de stockage

état djun composant placé dans une installation spécifique selon des conditions définies|, sans

étre mis sous tension et/ou connecté a une charge

Note 1 |a I'article: Par exemple, I'état de stockage d'un composant n'est pas ‘assemblé a une pdrtie de

I'équipgment.
3.1.13
prévigion

processus de calcul permettant d’obtenir la valeur prévuédd’une grandeur

[SOURCE: IEC 60050-192:2015, 192-11-01]

3.1.1

comppsant

partie |constitutive d'un dispositif ne pouyvant étre fractionnée matériellement sans per
fonctign particuliére

[SOURCE: IEC 60050-151:2001,-151-11-21]

3.1.1
équippment, matériel

dre sa

appargil unique ou _ensemble de dispositifs ou appareils, ou ensemble des disdositifs

principaux d'une installation, ou ensemble des dispositifs nécessaires a lI'accompliss
d'une tache particuliére

Note 1 p I'articles,~“Des exemples d’équipement ou de matériel sont un transformateur de puissance, I’équ
d’'une spus-station, un équipement de mesure.

ement

pement

[SOURCE:-IEC 60050-151-2001 _151-11-25]

3.1.16
vie utile <d’'une entité>

intervalle de temps depuis la premiére utilisation jusqu’a ce que les besoins de I'utilisateur ne
soient plus satisfaits a cause des colts de fonctionnement et de maintenance ou pour

obsolescence

Note 1 a l'article: La premiere utilisation exclut, dans ce contexte, les essais préalables a la livraison de I’
I'utilisateur final

[SOURCE: IEC 60050-192:2015, 192-02-27]

entité a
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3.1.17
dérive

différence entre la valeur finale d'une caractéristique a la fin d'une période spécifiée et la

valeur initiale, toutes les autres conditions de fonctionnement étant maintenues constan

tes

Note 1 a l'article: L'emploi du terme "dérive" pour faire référence a la variation immédiate d'une caractéristique en

réponse directe a des conditions de fonctionnement modifiées (par exemple, température) est déconseillé.

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

3.1.18
température virtuelle<d’un dispositif a semiconducteurs>

température équivalente interne
tempéfrature théorique basée sur une représentation simplifiée du comportement thermi
électrigue d’un dispositif a semiconducteurs

Note 1

ue et

I'article: La température virtuelle n'est pas nécessairement la température la plus glevée du dispgsitif.

[SOURCE: IEC 60050-521:2002, 521-05-14, modifiée — La Note 2 a l'article a été suppfimée]

3.11
température virtuelle (équivalente) de jonction
tempéfrature virtuelle de la jonction d’'un dispositif a semiconducteurs

[SOURCE: IEC 60050-521:2002, 521-05-15]
tempé@rature de I'air ambiant

tempéfrature de l'air environnant un appareilcomplet, et définie suivant des con
prescilites

ditions

Note 1 |a l'article: Pour les appareils installés™a l'intérieur d'une enveloppe, c'est la température del l'air a

I'extéridur de I'enveloppe.

[SOURCE: IEC TR 60943:1998, ¢.3.1]

3.2 |Symboles

Dans |Ja partie normative du présent document, les symboles suivants sont utilisés. D’
symbaqles sont utilisés-et définis dans les annexes.

autres

Eaq,Epy énergies d'activation d'un processus de défaillance

4, G ko constantes

A taux de défaillance dans les conditions de fonctionnement
Aref taux de défaillance dans les conditions de référence

Acomposant  taux de défaillance d'un composant

Amode taux de défaillance relatif a un mode de défaillance d'un composant
ba facteur traduisant l'influence du courant

TE facteur traduisant I'influence de I'environnement

TES facteur traduisant I'influence des contraintes électriques

s facteur traduisant l'influence de la fréquence de manceuvre

T facteur traduisant l'influence de la température

Ty facteur traduisant l'influence de la tension

Iop courant de fonctionnement
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courant assigné

courant de référence

puissance dissipée en fonctionnement
puissance dissipée de référence

puissance dissipée assignée

résistance thermique

résistance thermique (dans I'environnement)
nombre de cycles de manceuvres par heure

Href

nomore de rerererice de Cyclies de Imnanceuvres par rneure
tension de fonctionnement

tension assignée

tension de référence

autoéchauffement réel en degrés Celsius
autoéchauffement de référence en Kelvin
température ambiante de référence en degrés Celsius
température ambiante en degrés Celsius

température ambiante de référence en Kelvin
température ambiante en Kelvin

température de fonctionnement en Kelvin
température de référence en Kelvin

température de fonctionnement<en degrés Celsius

— pour les circuits intégrés, la température virtuelle (équivalente) r
jonction;

— pour les composants discrets a semiconducteurs et les con
optoélectroniques;-la température réelle de jonction;

— pour les condensateurs, la température réelle du condensateur;

— pour les résistances, la température réelle de I'élément de résistance;
— pourlesiinductances, la température réelle de I'enroulement;

— pour.Tes autres composants électriques, la température ambiante réelle

temipérature de référence en degrés Celsius

=" pour les circuits intégrés, la température virtuelle (équivalente) de jon
référence;

pelle de

posants

ction de

= pour les composants discrets a semiconducteurs et les con
optoélectroniques, la température de jonction de référence;

— pour les condensateurs, la température de référence du condensateur;

posants

— pour les résistances, la température de référence de I'élément de résistance;

— pour les inductances, la température de référence de I'enroulement;

— pour les autres composants électriques, la température de référence du

composant.
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4 Contexte et conditions

4.1 Modes de défaillance et mécanismes

La caractéristique préférentielle comme donnée de fiabilité de composants électriques est le
taux (instantané) de défaillance. Il doit étre noté que, bien qu'il soit souvent défini de maniéere
générique comme une défaillance, I'événement exact observé qui est mesuré est un mode de
défaillance.

Une défaillance ou une perte de fonction d'un équipement est provoquée par le mode de
défaillance d'un composant lorsque ce mode de défaillance touche l'application exécutée par
|'équi ement:

Il confvient de noter qu'un composant comporte de nombreuses caractéristigues] dont
seulement certaines peuvent étre utilisées dans l'application spécifique. Une perte de fonction
au nieau de I'équipement se produit uniquement lors de la perte de la caractéristique du
compasant permettant cette fonction.

Par ailleurs, un circuit exige I'existence de caractéristiques de compgsants selon ce qu| a été
défini |par le concepteur, ce qui peut ne pas englober la totalite)des caractéristiques du
compgsant et peut ne pas utiliser une caractéristique particuliere a sa capacité maaimale,
telle que définie par la fiche technique en ce qui concerne lescaractéristiques fonctionnelles
et assjgnées.

Les rgcueils définissent habituellement le taux de défajllance comme une valeur globale qui
inclut fous les modes de défaillance. Ceci signifie que le taux de défaillance d'un composant
peut &tre exprimé comme la somme des taux de défaillance de tous les modes, comme suit:

ﬂcomposant = Z (ﬂ'mode ) i (1)

i=1

ol (Adode )l. est le taux de défaillance du composant auquel se produit le mode de défalllance
i et n ¢st le nombre de modes_de défaillance.

Les mpdes de défaillance-sont énumérés a I'Annexe A.

Une défaillance est associée a un mécanisme de défaillance, qui est le comportemént de
base du matériau-a I'origine de la défaillance. Des informations plus détaillées concernant les
circuitp intégrés’sont fournies a I'Annexe F.

4.2 |Maodelisation thermique

La température est un facteur ayant une influence importante sur le taux de défaillance. Il est
bien connu que la température et les variations de température ont un effet sur la fiabilité des
composants. Pour obtenir des informations concernant les variations de température, voir 4.4.
L’effet de la température est plus marqué pour certaines familles (composants actifs et
condensateurs a l'aluminium a électrolyte non solide). Les modéles adoptés sont ceux qui
associent I'effet de la température aux mécanismes de défaillance prédominants (qui ne sont
pas les mécanismes d'""usure" normaux).

Par conséquent, il convient que la modélisation thermique des composants soit aussi exacte
que possible, et il convient en particulier de mesurer la résistance thermique des
semiconducteurs de fagcon a pouvoir évaluer avec exactitude la température interne.

Lorsque la résistance thermique ne peut pas étre mesurée, les modeles de résistance
thermique présentés a I'Annexe B peuvent étre utilisés.
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4.3 Considérations relatives au profil de mission
4.31 Généralités

Au cours de leur vie, les composants sont soumis a différentes conditions d'utilisation, qui
constituent les principaux facteurs affectant leur fiabilité: I'ensemble de ces conditions est
défini comme le profil de mission.

Le profil de mission définit la fonction exigée et la condition d'environnement en fonction du
temps. Il varie selon le type de fonctionnement appliqué. Ce fonctionnement peut étre continu
dans la durée a un niveau fixe, continu dans la durée a un niveau variable ou sporadique
dans la durée a un niveau fixe ou variable. Dans certains cas, les mises sous tension et hors
tension peuvent étre significatives et se révéler plus importantes que les conditions de
fonctignnement de régime permanent. Une attention toute particuliere au profil de missipn est
nécespaire pour bien comprendre son influence sur la fiabilité des composants.

Le profil de mission peut étre défini en fonction de la durée calendaire\ou de la|durée
d'explpitation réelle. Il peut également étre basé sur les cycles (pafr .€xemple, npmbre
d'utiligations d'une entité).

Une description plus détaillée du profil de mission est fournie a I'Annhexe D.

4.3.2 Conditions de fonctionnement et de non-fonctiohnement

Un prpfil de mission peut étre décomposé en plusieurs. phases sur la base de ['utilisation
typique. Ces phases sont classées selon deux catégories principales: les conditions de
fonctignnement et les conditions de non-fonctionnement. Bien que le présent documen{ traite
des gomposants, les conditions d'utilisation font habituellement référence a I'’ensemble
(équipement ou systéme) et peuvent étre définies comme suit lorsqu'elles font référenge aux
compg@sants.

e | Fonctionnement: le composant e€st assemblé, mis sous tension ou connecté fa une
charge et fonctionne dans les,conditions nominales. Voir 3.1.8.

o | Attente: le composant est'dssemblé, mis sous tension ou connecté a une chargel, mais
ne fonctionne pas ousfonctionne dans des conditions inférieures aux conditions
nominales. Voir 3.1.11\

e | Dormant: le composant est assemblé mais n'est pas mis sous tension ni conngcté a
une charge. Voir 4.3.3.

e | Stockage: le_composant n'est pas assemblé, par conséquent il n'est pas mig sous
tension ni)connecté a une charge. Pendant le stockage, les composants sont emballés
et consenvés dans un entrep6t. Voir 4.3.4.

4.3.3 Dormance

Un commposantestTepute dormmant (T esta-dire, o tetatdormmant)ytorsquit—estmactif” (il ne
réalise aucune des fonctions exigées), mais capable de devenir actif et de fonctionner
correctement sur demande (sous tension et/ou connecté a une charge). Le composant est
censé étre a I'état dormant lorsqu’il est intégré dans un équipement sans étre mis sous
tension.

Les composants dormants peuvent subir des défaillances, mais le taux de défaillance a I'état
dormant est généralement beaucoup plus faible que le taux de défaillance a I'état de
fonctionnement, en partant du principe que l'équipement est maintenu dans ses conditions

spécifiques a I'état de non-fonctionnement.

4.3.4 Stockage

Les composants soumis aux conditions de stockage ne sont pas protégés contre la
défaillance, en particulier lorsque ces conditions sont différentes de celles spécifiées.
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Toutefois, les modéles de contraintes relatifs aux facteurs d'environnement définis dans le
présent document peuvent ne pas s'appliquer dans la mesure ou ils traitent uniquement des
conditions de fonctionnement. Des mécanismes de défaillance différents non pris en compte
dans les modeéles peuvent exister dans des conditions de stockage. De plus, I'aspect selon
lequel les conditions de stockage modifient le taux de défaillance lorsque I'entité est active
n'est pas couvert par le présent document.

Il convient de traiter les conditions de stockage séparément des conditions de
fonctionnement. Elles peuvent affecter le comportement vis-a-vis d’'une défaillance des
composants au cours de la durée de vie ultérieure.

Des i
I'"EC FPAS 62435. Il convient de définir et de contrdler les conditions de stockage
garaniir la fiabilité des composants stockés.

4.4 Conditions d’environnement

L'envifonnement contribue aux défaillances qui se produisent au cours.-de)la durée de yie de
I'équigement. Il convient par conséquent d'intégrer la durée et l'intensité des conthaintes
d’envifonnement au modéle d'exploitation de I'équipement.

Un epvironnement plus sévére peut générer des défaillahces plus fréquentes |qu'un
environnement moins sévére. Plusieurs aspects environnementaux sont généralement
assoclés a une défaillance spécifique et il peut étre nécessaire de tous les comprendfe. La
localigation de I'environnement étudié a également son“importance: par exemple, dgns un
aérongf, I'environnement du poste de pilotage et “lenvironnement des moteurs sorjt trés
différgnts.

L'envifonnement peut étre décrit a partir dé plusieurs types de paramétres et de| leurs
interag¢tions associées.

L'IEC B0721-3-3 décrit I'environnementen termes de:

— | conditions climatiques;

— | conditions climatiques(speciales;

— | conditions biologiques;

— | substances chimiquement actives;
— | substances mecaniquement actives;

— | conditions mécaniques (tant statiques que dynamiques).

Toute$ lescanditions énumérées ci-dessus sont généralement pertinentes pour la fiabilité des
équipgements (par exemple taux de defa|llance) et |I est ra|sonnable de conS|derer que la
fiabilite_de i ionnellement a
'augmentation de la contramte environnementale (voir I'EC 60721 (toutes les parties) pour
une description quantitative détaillée des agents environnementaux pour chaque
environnement concerné).

Le présent document pose I’hypothése que les conditions climatiques et mécaniques sont les
plus importantes, cette hypothése étant également valable pour de nombreuses applications
types de composants. Il peut toutefois y avoir des situations dans lesquelles, par exemple,
des conditions chimiques peuvent générer un taux de défaillance plus élevé.

Ces phénoménes peuvent également étre observés pour les conditions particuliéres
suivantes: rayonnement nucléaire, ultraviolet, infrarouge et électromagnétique, I'acoustique,
I'altitude, la sdreté logicielle, les vibrations six degrés de liberté, les atmosphéres explosives,
les conditions induites par l'entité et les effets nuisibles des armes pour les équipements
militaires.
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Les taux de défaillance estimés générés en utilisant les modeles du présent document ne
sont valides que si la température de la partie la plus froide du composant étudié est
supérieure a la température de point de rosée.

Dans le présent document, seuls les agents climatiques et les paramétres mécaniques sont
utilisés pour décrire l'effet des environnements de référence sur les taux de défaillance.
Toutefois, la température est traitée séparément dans le présent document. Pour des raisons
de simplicité, il a été décidé de traiter trois environnements de base, désignés par convention
E1, E2 et E3. Ces environnements font référence aux situations d'utilisation réelle générales,
compte tenu des valeurs spécifiques des agents environnementaux. Ceux-ci sont définis dans
le Tableau 1 .

Tableau 1 — Environnements de base

E1 Utilisation a poste fixe, L'environnement est insensible dans une large mesure_aux conditipns
protégé contre les climatiques et I'numidité est contrélée dans des limites définies.
intempéries Cet environnement est typique des équipements dé

télécommunications et du matériel informatique situés dans des
batiments. Il comprend I'environnement des bureaux.

E2 Utilisation a poste fixe, L'environnement est soumis & des contrdintes thermiques et
protégé partiellement ou mécaniques influencées directement par |€s conditions naturelles.
non protégé contre les Cet environnement est typique des@€quipements installés a I'extérieur.
intempéries

E3 Utilisation a poste mobile L'environnement est soumis/a dées contraintes mécaniques et a dep
et non fixe, installation sur | gradients thermiques élevés,
vehicules au sol Cet environnement esttypique des équipements montés sur véhicliles

ou portatifs.

14

Le Tgbleau 2 donne les valeurs des agents' environnementaux et leur relation avec les
classgs indiquées dans les normes IEC correspondantes.

L'effeq] de I'environnement peut étre~décrit comme une variation du taux de défaillange, en
utilisapt un facteur d’environnement “zg (voir Tableau 4). Noter que zg est un facteur discret

dans |a mesure ou il est basé sur des données non continues et ou il synthétise un|grand
nombile de facteurs de niveau.inférieur différents.

Dans [tous les cas, il doit étre noté que la plupart des systémes et des équipements
fonctignnent sous une)température contrélée et que l'effet de I'environnement extérigur est
limité par des décisions de conception appropriées.

Le présent_doeument tient compte du cycle de température (temps de fonctionnement a
différgntes températures) dans le profil de mission, alors que les variations rapides de
températdre sont incluses dans le facteur d'environnement zg (voir 5.2.5).

Les facteurs d'environnement comprennent tous les agents environnementaux (a I'exclusion
de la température, qui a un modeéle spécifique) tels que les variations rapides de température,
les vibrations mécaniques, pour lesquels il n’existe aucun modéle empirique. Les facteurs
d'environnement sont utilisés au niveau de I'équipement.
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Tableau 2 — Valeurs des agents environnementaux pour des environnements de base

Agents
environnementaux

E1

E2

E3

Utilisation a poste fixe,
protégé contre les

Utilisation a poste fixe,
protégé partiellement ou

Utilisation a poste mobile
et non fixe, installation

sinusoidales

9 Hz 4 200 Hz <5 m/s?

9 Hz 4 200 Hz < 10 m/s?

intempéries non protégé contre les sur véhicules au sol
intempéries
Vitesse de variation de la [< 0,5° C/min > 0,5° C/min > 0,5° C/min
température
Vibrations stationnaires, |2 Hz 4 9 Hz <1,5 mm 2Hz a9 Hz <3 mm 2Hz a9 Hz >3 mm

9 Hz 4200 Hz > 10 m/s?

200 Hz a 500 Hz
>15'M/s?

Vibratipns non
statiorf\aires, y compris

les chqcs

< 70 m/s?

< 250 m/s?

> 250 m/s?

CIasseL de I'lEC 60721-3-3

3K1 3K2 3K3 3K4 3K5 3K6

3K7 3K7L 3K8 3K8H 3K8L
3K9 3K10 3M4 3M5 3M6

3M1 3M2 3M3 3M7

Classels de I'lEC 60721-3-4 - - 4K1 4K2 4K3 4K4 4K4UH
4K4L

Classels de I'lEC 60721-3-5 - - 5K1 5K2 5K3 5K4 5K4H
5K4L 5K5 5K6 5M1 §M2
5M3

CIasseF de I'lEC 60721-3-7 - - 7K1 7K2 7K3 7K4 7KI5

Classels ETS 300 019-1-3 3.1-3.2-3.3 3.4-3.5 -

Classels ETS 300 019-1-4 - 4.1-4 1E -

Classels ETS 300 019-1-8 8.1 et Note - -

ETS 300 019-1-5

Classet
Classejs ETS 300 019-1-7

5.1-5.2

71-72-73-13E

Pour g¢les raisons de simplicité; le présent document ne traite que des trois environngments
concefnés. L’utilisateur peut_décrire tout environnement avec la méme méthodolopgie et

évalug

4.5

r 'effet de I'environnement d’application approprié 7z décrit en 5.2.5.

Il incq
s'assU
I'envir
durée

Choix des composants

mbe au_{abricant de garantir la durée de vie spécifiée par I'utilisateur final
rer que ) les composants utilisés dans [I'équipement sont compatibles
bnnement. Par conséquent, l'usure prématurée n'est pas censée apparaitre pend
de vie utile de I'équipement dans les conditions normales de fonctionnement, ¢

et de
avec
ant la
omme

celae

ci'spécifié par ['utilisateur final

Toutefois, dans la mesure ou certains composants peuvent avoir une durée de vie limitée,
une maintenance préventive doit étre indiquée a I'utilisateur final. Le fabricant du composant
est tenu de communiquer les résultats de qualification et d'évaluation des mécanismes de
dégradation au fabricant du systéme et de veiller a ce que l'apparition des mécanismes
d'usure soit reportée au-dela de la durée de vie utile de I'équipement dans les conditions
normales de fonctionnement.

Une fiabilité optimale des composants et des équipements n'est pas obtenue sans effort. La
fiabilité de I'équipement est intégrée, dés les premiéres phases de conception, en appliquant
un systéme d'assurance qualité rigoureux orienté vers l|'amélioration. A linverse, une
application inappropriée des régles d'excellence en matiére de qualité et de fiabilité, en
tenant compte du type de produit et de sa criticité d'utilisation et de maintenance, compromet
I'atteinte de I'objectif.
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Les défaillances des composants, méme celles convenues comme aléatoires, a I'exclusion de
l'usure et des causes externes, sont dues a des défauts de fabrication ou a un mauvais
usage. Leurs effets se manifestent pendant le fonctionnement.

Par conséquent, les fabricants et les utilisateurs doivent adopter des mesures préventives
appropriées:

— qualification et maftrise du procédé de fabrication des composants;
— caractérisation et qualification des composants;
— essais d'acceptation;

Le prégsent document ne décrit pas les niveaux de qualité dans la mesure ou il ne tiept pas
compte des niveaux de qualité inférieurs aux meilleurs niveaux de qualité pgssible téfinis
commge des normes de conception. L'expérience d'une mauvaise qualité ne peut pals étre
prise ¢n compte dans I'élaboration des modéles, et les dispenses d'application des régjes de
qualit¢ ne peuvent pas étre justifiées sur la base de considérationsd’ofdre écongmique
lorsque le colt total du composant ou de I'équipement appartendnt~au fabricant| ou a
l'utilis@teur est étudié.

Dans ertaines applications spéciales, comme l'espace, l'avionique et les cables sous-marins,
I'incapgacité — ou du moins la grande difficulté — a exécuter, dé€s opérations de maintenance
incite,Jautant que pour des raisons de sécurité, a adopter dés'régles encore plus strictef. Ces
situatipns ne peuvent pas étre généralisées et il conyvient de les étudier sur la base|[d'une
expérience spécifique avec I'équipement et des)'mesures adoptées (telles qu¢ des
progrgmmes de déverminage, de rodage ou d'assurance qualité spéciaux).

Par cqnséquent, le fabricant de I'équipement d@it choisir les fabricants de composants qui ont
les meilleures "pratiques commerciales" envtermes de qualité, par exemple, ceux qui se
conforment aux systémes de managementide la qualité internationalement reconnus, njettent
en ceyvre le contréle statistique de fabrication et sont sous agrément de savoir-faire oy ligne
de fabrication qualifiée (ou susceptible de I'étre).

Dans fes conditions, il n'y a plus’aucune raison de tenir compte des facteurs de qualité. De
méme| la période de défaillance précoce associée aux nouvelles technologies de production
des composants est ignorée-dans la mesure ou seules les lignes de fabrication qualifies et
celles|qui sont stabiliséesisont envisagées ici.

Lorsquie le fabricant\d'un équipement a recours a une nouvelle technologie de production d'un
compgsant mais/qu'il n'est pas en mesure de justifier la durée de vie de son dispositif dans
les copditions\d’utilisation normale, il doit réaliser des essais pour justifier la durée de vie de
ce composant a l'utilisateur final.

4.6 ‘'Crotssancedetafiabitité-pendantiaphasededéptotement-dunouveléquipement

Les modeles présentés dans le présent document permettent de calculer le taux de
défaillance d'une entité électrique qui se trouve déja dans une phase de production avancée.
Toutefois, une nouvelle entité peut au préalable avoir été soumise a un certain processus de
croissance de la fiabilité, qui se manifeste par une baisse du taux de défaillance pendant une
période plus ou moins longue.

Par exemple, la croissance de la fiabilité est obtenue en remédiant aux problémes de
fabrication, tels que le retour d'un procédé au stade de contréle ou la modification d'un
procédé a des fins d'amélioration. En ce qui concerne la croissance de la fiabilité en
exploitation, les modifications apportées a l'entité, sa conception, sa fabrication ou son
fonctionnement permettent d'obtenir une entité plus fiable. Pour une description compléte des
processus et activités de fiabilité intégrés au cycle de vie du produit qui contribuent a ou
assurent la croissance de la fiabilité du produit, voir I'lEC 61014.
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Il convient que le fabricant adapte la période de croissance de la fiabilité a sa propre
expérience. L'expérience a démontré que pour de nombreuses entités électriques et en
présence de plusieurs fabricants, le rapport entre le taux de défaillance au début de la
période de déploiement et le taux de défaillance dans la phase avancée peut étre trés
différent. Par conséquent, dés que le taux de défaillance observé au début du déploiement
d'une entité électrique dépasse de fagon significative la valeur estimée, une action corrective
peut devoir étre prise.

4.7 Méthode d'utilisation du présent document

Le présent document expose une methode de conversion des taux de défaillance d'un

Les c
d'envif
des épguipements d'un organisme fonctionnent a 30 °C, il convient alors” que l'orggnisme
établigse les taux de défaillance a cette température de fonctionnement\et la définisse omme
la condition de référence. Il convient que l'organisme choisisse les, conditions typiques de
fonctignnement comme conditions de référence de sorte qu’il nlaitVpas besoin d’ajusfer les
données de fiabilité qu'il recueille en exploitation pour tenif compte des diffédences
environnementales avant leur utilisation.

définigse les conditions de référence au niveau le plds approprié. Il peut également appliquer
les conditions de référence définies des Articles 6:a 20 dans le présent document. Dans ce
cas, il peut devoir adapter les données d'exploitation recueillies dans un ensemble de
conditjons de référence pour ainsi pouvoir les associer et les comparer.

Si un| organisme ne dispose pas d'un environnement<opérationnel type, il convier}( qu'il

De nombreux organismes ne disposent pas de leurs propres données de fiabilité, il esf donc
nécespaire qu'ils utilisent d'autres sources de données. Le présent document peut alofs étre
utilisé|pour convertir les taux de défaijllance obtenus dans des conditions de fonctionngment
aux cgnditions de référence et inversement.

NOTE |[Par exemple, si un organisme souhaite réaliser une prévision pour un équipement a une tempérdture de
fonctionnement de 34 °C et que le composant utilisé n'est pas couvert par une seule source de donnég¢s avec
certaings données provenant<de, plusieurs autres recueils de données, alors les taux de défaillance de base, qui
sont étdblis a un niveau patrticulier et différent de contrainte environnementale dans chaque source, peuvent étre
convert|s et associés au moyen des équations fournies dans le présent document.

Les équations fournies dans le présent document ont été déterminées a partir d'un modéle
empirique ajuste* aux données d'exploitation et, dans certains cas, aux équations utl|lisées
dans ¢'autres~normes et recueils. Il s'agit donc dans le cas présent d'équations qui offrent un
ajustement.générique aux données selon les conventions d'une norme internationale.

La Figure 1 représente, pour les circuits intégrés CMOS, une comparaison des facteurs 7zt

traduisant l'influence de la température mentionnés dans un certain nombre de recueils de
prévision avec le facteur 77 établi dans le présent document.
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Figure 1 — Comparaison des facteurs_ ¥ traduisant I'influence
de la température pour les circuits intégrés CMOS

La Figure 1 démontre que les facteurs d'accéleration spécifiés dans le présent document sont
compatibles avec de nombreux facteurs d'accélération donnés dans les recueils de préyision.
La fiqiure indigue une adéquation auxversions génériques des données provenant des
recueills de prévision. Les derniéres versions des recueils sont détaillées en H.5.3.

Certaines données sont exigées" pour appliquer les équations données dans le pfésent
docunent. Ces données sont [egérement différentes selon le type de composant, mais les
donnéles les plus importantes portent sur un taux de défaillance de base établi aux condlitions
de référence. Celles-cispeuvent étre obtenues a partir des données d'exploitationy (voir
I''EC §0300-3-3 et I'lEC60300-3-5), des données du fabricant ou d'autres recueil§ (voir
I'Annexe H). Si ces données ne sont pas établies aux conditions de référence, elles pguvent
étre cpnverties a‘une condition de référence en utilisant les équations du présent docyment.
Pour ¢e faire, il.€St nécessaire de connaitre I'environnement opérationnel dans lequel lg taux
de défaillanceest établi. Lorsque le taux de défaillance est établi aux conditions de référence,
il peutl ensuite étre converti a d'autres conditions de fonctionnement en utilisant les équlations
du prgsént document.

5 Conditions de référence et modéles de contraintes génériques

5.1 Conditions de référence génériques recommandées

Les conditions de référence génériques sont les valeurs des facteurs d'environnement
définies par un organisme comme étant propres aux types d'environnement auxquels
I'équipement de l'organisme est soumis pendant le fonctionnement normal. Le facteur peut
étre n'importe quel facteur d'environnement jugé pertinent par l'organisme et s'appliquer a
tous les types de composants.

Inévitablement, le présent document limite les possibilités et définit les facteurs
d'environnement d'intérét comme étant la contrainte électrique, la température et les
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conditions d'environnement. Les autres facteurs ne sont pas couverts par le présent
document.

Le Tableau 3 présente certaines recommandations qu'un organisme peut utiliser a moins
gu’elles ne soient pas appropriées aux conditions normales de fonctionnement des
équipements de cet organisme. Il convient que tout organisme choisisse les conditions les
plus représentatives de son expérience réelle si ces conditions difféerent de celles indiquées
dans le Tableau 3.

Les valeurs choisies représentent la plupart des conditions de fonctionnement des
composants.

Tableau 3 — Conditions de référence recommandées pour les contraintes
environnementales et mécaniques

Type de contrainte Condition de référence?
Température ambiante® g, =40 °C
Condition d'environnement Environnement E1/(voir Tableau 1)
Contfaintes spéciales Non traité dans leyprésent document®

a8 LUes taux de défaillance donnés dans ces conditions s'appliquent uniquement a des composants qui p'ont
plas été endommagés pendant le transport et le stockage.

b Hour les besoins du présent document, la température ambiante esta température du milieu envirojnant
l¢ composant au cours du fonctionnement de I'équipement, en ne tenant pas compte de|tout
utoéchauffement potentiel du composant. Il convient de définir le milieu environnant du composant.

es contraintes spéciales comprennent le vent, la plujie et la neige, la formation de givre| les
lissellements, les pulvérisations ou jets d'eau, la poussiére (chimiquement active ou non), les effetg des
nimaux nuisibles, les gaz corrosifs, les rayonnements*radioactifs, etc. Ces contraintes peuvent consfituer
es éléments importants qui contribuent aux défaillances; toutefois, dans la mesure ou elles constifuent
ne bonne pratique générale, il convient de les raiter par des méthodes de conception. Leur effet|peut
ans certains cas étre traité par des modelesapplicables. Les effets de ces contraintes sont si étepdus
u’il serait inapproprié de les traiter dans le présent document.

Q0 c o0 I~ O

5.2 |Modeéles de contraintes géneériques
5.2.1 Généralités

Les composants peuvent ne ‘pas toujours fonctionner dans les conditions de référence Dans
ces cps, les taux de~défaillance observés dans les conditions de fonctionnemenf sont
différgnts de ceux donnés pour les conditions de référence. Il peut donc étre exigé d'litiliser
des modeles pour ‘tes facteurs de contrainte permettant de convertir les taux de défalllance
obseryés dans les conditions de référence en valeurs de taux de défaillance applicable$ dans
les cgnditions de fonctionnement (température ambiante réelle et contraintes électriques
réelleg appliquees aux composants) et inversement. Les Articles 6 a 20 décrivent les mpdéles
de cantrainte et les valeurs des facteurs n spécifiques applicables aux catégories de
compgsants, et qu'il convient d'utiliser pour convertir les taux de défaillance de référence en
taux de défaillance en exploitation. Les facteurs n sont des modificateurs de taux de
défaillance associés a une contrainte ou une condition spécifique. Ces facteurs constituent
une mesure de I'évolution du taux de défaillance provoquée par les variations de la contrainte
ou de la condition concernée. Cependant, si des modéles plus spécifiques s'appliquent a des
types particuliers de composants, il convient alors de s'en servir et de justifier et consigner
leur utilisation.

La conversion des taux de défaillance n'est possible que dans les limites de fonctionnement
spécifiées pour les composants.

Le taux de défaillance des composants dans les conditions de fonctionnement se calcule
comme suit:
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A = Aeef X TY X W X TT X TE X Tg X TES

est le taux de défaillance dans les conditions de référence;
est le facteur traduisant I'influence de la tension;

est le facteur traduisant I'influence du courant;

est le facteur traduisant I'influence de la température;

est le facteur traduisant I'influence de I'environnement;

(2)

s
7ES

5.2.2

ou
U op
Uref
Urat

Cy, C

est le facteur traduisant I'influence de la fréquence de manceuvre;
est le facteur traduisant l'influence des contraintes électriques.

Facteur de contrainte applicable a I'influence de la tension, 7
Ca Ca
U
Ty :eXp C3 [ OpJ —(UrefJ
Urat Urat

est la tension de fonctionnement en V;

est la tension de référence en V;
est la tension assignée en V;

3 sont des constantes.

L'Equétion (3) représente un modélecempirique permettant de décrire I'influence de la t

sur leg
les do

NOTE
sont ap

5.2.3

taux de défaillance. Elle est basée sur les recueils actuels de fiabilité des compo
hnées actuelles de fiabilité.des composants et les publications accessibles au pub

Lorsque des tensions absolues, qui peuvent se révéler nécessaires pour certains types de comg

bliquées, I'Equation 3-peut alors étre modifiée en 7, = exp{C1 (Uocpz —U%)} ou ¢ =C3/Ur(;;f .

Facteur decontrainte applicable a l'influence du courant, 7,

I

(3)

bnsion
sants,
lic.

osants,

(4)

Cs I Cs
1 rat I rat

ou
1
I ref

Irat
C4,C5

est le courant de fonctionnement en A;
est le courant de référence en A;
est le courant assigné en A;

sont des constantes.

L'Equation (4) représente un modéle empirique permettant de décrire I'influence du courant
sur les taux de défaillance. Elle est basée sur les recueils actuels de fiabilité des composants,
les données actuelles de fiabilité des composants et les publications accessibles au public.
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5.2.4 Facteur de contrainte applicable a I'influence de la température, 7t

2t = exp Eaq [ 1 1
T= -
kO Tref I op (5)

L'Equation (5) est un modéle empirique basé sur I'équation d'Arrhénius qui décrit I'influence
de la température sur les taux de défaillance. En théorie, il convient d'effectuer ce calcul pour
chaque mode de défaillance. La pratique courante consiste toutefois a effectuer ce calcul en
utilisant la moyenne de toutes les énergies d'activation pour tous les modes de défaillance ou
pour le mode de défaillance prédominant uniquement. Il convient de noter que I'énergie
d'activati i < i s : ns la
ou elle est liée aux différentes énergies d'activation des modes de défaillaneg|sous-
. Cet effet est toutefois généralement ignoré.

Dans fertains cas, un modeéle plus complexe utilisant deux énergies d'activation est adppté a
I'influgnce de la température sur les taux de défaillance. Dans une telle sityation,
- tion (6) suivante peut étre appliquée. L'utilisation du modéle~avec deux énfrgies
d'actiation ( Eaq, Eap) est suffisante pour une modélisation adéquate de la rflation
température-taux de  défaillance. (Cette relation est ‘parfois désignée | sous
I'appellation "risques concurrentiels"; voir JESD-85 pour des informations détaillées.)

Cette | équation d'Arrhénius étendue est normalisée pour éviter I'utilisation d'énergies
d'actiation elles-mémes fonctions de la température, €n’ cas de variation de la tempdrature

de réference Tief-

S AxeXp(Ea1 ><z)+(1—A)xeXp(Ea2 xz)
T ax eXp(Ea1 X Zyef )+ (1 - A)x eXp(Ea2 x Zref)

(6)

avec lps variables auxiliaires

U G I Zref:i(i_ L J en (eV)
ko ( To Top ko \ To Tref

ou, ddns les Equatiohs)(5) et (6):

A est une constante;

FEay, Hay  sontles énergies d'activation en eV;

ko = 8,616 x 107° eVI/K;
T, = 313 K;

Tref = (Bef +273) en K;
Top = (0op +273) en K.

Les températures 6, et fop en degrés Celsius, susmentionnées, sont les suivantes:

— pour les circuits intégrés:
6o - température virtuelle (équivalente) de jonction de référence;

HOp: température virtuelle (équivalente) de jonction réelle;

— pour les composants discrets a semiconducteurs et les composants optoélectroniques:
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6ref - température de jonction de référence;
op : température de jonction réelle;

— pour les condensateurs:
Oref - température moyenne (*) de référence du condensateur;

Oop : température moyenne (*) réelle du condensateur;

— pour les résistances:

brei - température moyenne (*) de référence de I'élément de résistance (par exemple,
filrpy:

Oop : température moyenne (*) réelle de I'élément de résistance;

— popr les inductances:
O:ds - température moyenne (*) de référence de I'enroulement;

Ooh : température moyenne (*) réelle de I'enroulement;

— popr les autres composants électriques:
O:ds - température ambiante moyenne (*) de référence;

Ooh : température ambiante moyenne (*) réelle;

NOTE |[(*) Dans ce cas, moyenne signifie "sur le corps entier du ecomposant".

5.2.5 Facteur d’environnement, 7

Certaips recueils de données fournissent deés lignes directrices concernant le transfert de
I'estimation d'un taux de défaillance d'une condition d'environnement générale a une aufre. Le
concept est logique, mais comporte un-cértain risque. C'est la raison pour laquelle le pfésent
docunent se concentre davantage sur-des situations pour lesquelles les taux de défalllance
de bage sont obtenus de conditions’d'environnement analogues a celles appliquées dpns la
pratigile au composant.

L'influpnce des conditions d’environnement sur le composant dépend essentiellement| de la
conception de I'équipement. Par exemple, I'utilisation de I'équipement a bord de navifes ou
dans |e secteur autormobile, et non dans des locaux protégés (conditions de laborgatoire)
permgt de réduire le.plus possible l'influence des conditions d'environnement, et peuj dans
certains cas la supprimer entiérement si le composant est protégé d'une fagon ou d'ung autre
dans [équipemeént: Ceci nécessite de toute évidence de porter une plus grande attentign a la
conception ce‘qui, dans certains cas, peut ne pas se révéler utile. L'influence effective qu non
de l'epvirchnement d'application dépend par conséquent essentiellement du fabricgnt de
I'équif B d’un
organisme—S les se
révelent alors nécessaires pour ces équipements.

La question de la nécessité d’appliquer un facteur d'environnement se pose uniquement si les
données de taux de défaillance disponibles dans les recueils proviennent d'une source
soumise a des conditions d'environnement trés différentes. L'utilisation d'un tel facteur
d’environnement repose sur I'hypothése selon laquelle I'existence d'un environnement plus
sévere contribue a l'activation de mécanismes de défaillance interne d'une maniére prévisible
et plus ou moins linéaire. Cette hypothése est inexacte pour certaines situations. L'utilisation
d'un composant congu pour un équipement au sol dans des conditions de choc et de
vibrations sévéres — ce qui peut détruire tous les composants en quelques heures — peut
entrainer le calcul d'un facteur =g, toutefois non significatif. Dans la meilleure pratique, il

convient donc de ne pas utiliser ce composant dans I'environnement concerné, mais cela
n'est pas toujours possible.
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Il convient, par conséquent, d'utiliser le facteur d’environnement 7. avec prudence.

Tableau 4 — Facteur d'environnement, 7

Utilisation a poste fixe, protégé
contre les intempéries

Utilisation a poste fixe, protégé
partiellement ou non protégé

Utilisation a poste mobile et non
fixe, installation sur véhicules au

contre les intempéries sol

E1 E2 E3

1 2 4
NOTE |Les recueils de données de taux de défaillance communiqués par le fournisseur d'un composant donnent
souven] des lignes directrices concernant la méthode de transfert du taux de défaillance a d'autres condifions de
fonctionnement et d'environnement.
5.2.6 Influence de la fréquence de manceuvre, 7g
Le fagteur zg prend en compte le nombre de cycles de manceuvres-par heure,| S, et
s'appllque uniquement aux relais décrits dans le présent document.
Le facteur zg n'est pas défini pour §<0,01.
a) =1 pour 0,01< 8 < St (7)
b) g :S/Sref pour § > Sref (8)
ou
S est le nombre de cycles de manosuvres par heure;
Sref est le nombre de référence de_eycles de manceuvres par heure.
NOTE [Le facteur 7y peut atteindre 100 pour des contacts étanches, normalement fermés, ou pour des dontacts
non scdllés, normalement ouverts avec de faibles charges.
5.2.7 Influence des contraintes électriques, 7gg
Ce fag¢teur 7 de contrainte.s'applique uniquement a certains dispositifs, il est décrit en|détail
dans les articles associés.
5.2.8 Autres facteurs d'influence
D'autres factéurs de contrainte sont fournis pour chaque type de composants damps les
Articlgds 6 a 20 lorsque l'influence est connue.
Il n'extste—actueHementatctne-méthode—de—converstondappteationgénératepourtinfluence

de I'numidité, la pression atmosphérique, la contrainte mécanique, etc. sur le taux de
défaillance.

Les facteurs de contrainte doivent étre basés sur I'expérience du fournisseur/de I'utilisateur
dans des applications analogues ou des essais appropriés.

Si l'influence de ces types de contraintes sur le taux de défaillance est connue, il convient
d'en tenir compte.

Si l'influence de ces types de contraintes sur le taux de défaillance n'est pas connue, mais est
censée dépendre de ces derniers, des études appropriées en la matiére peuvent se révéler
nécessaires.


https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

- 152 -

6 Circuits intégrés a semiconducteurs

6.1 Conditions de référence spécifiques

IEC 61709:2017 © IEC 2017

Les recommandations suivantes applicables aux températures de référence données du
Tableau 5 au Tableau 9 sont fondées sur une température ambiante de composant de 40 °C
et correspondent a la plupart des applications de composants dans des équipements.

Il convient d'indiquer Il'autoéchauffement de référence, ATigr = Fef X Rin amp - lOrsque des

températures de référence autres que celles indiquées dans les tableaux sont utilisées.

Pour [tout circuit intégré, deux résistances thermiques sont généralement prisJas en

considération; l'une étant située entre la jonction et le boftier, et I'autre entre le boitief et le
milieu| environnant. Il convient que la résistance thermique, Ry, smp. Mentionnée. ci-dgssus,
soit la|résistance la plus significative dans I'application a I'étude.
Lorsqli'un taux de défaillance est spécifié pour une température ambiante de 40[°C, il
convignt également d'indiquer la puissance dissipée de référence;\ By, et la résigtance
thermique, Ry, omp . Vers I'environnement pour lequel cette valeur s'applique.
Tableau 5 — Mémoire
gref
Composant Note
°C
Bipolalre RAM, FIFO statique 75
PROM 75
MOS, EMOS,  RAM dynamique 55
BICMQS
RAM, FIFO statique lente (> 30 ns) 55
statique rapide (< 30 ns) —
masque ROM 55
EPROM, OTPROM UV effagable 55
FLASH 55
EEPROM( EAROM 55
Tableau 6 — Microprocesseurs et périphériques,
microcontrdleurs et processeurs de signaux
gref
Composant Note
°C
Bipolaire 70
Nombre de transistors < 50 000 70
NMOS
Nombre de transistors > 50 000 90
Nombre de transistors <5 000 50
Nombre de transistors > 5 000 a 50 000 60
CMOS
Nombre de transistors > 50 000 a 500 000 80
Nombre de transistors > 500 000 90
BICMOS 75
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Tableau 7 — Familles logiques numériques et interfaces de bus,
circuit de commande et circuit récepteur de bus

O ret Tension de
Composant Y
R référence
C
Bipolaire TTL, -LS, -A(L)S, -F Logique 45
Interface bus 55
TTL S Logique + interface bus 80 —
ECL 10 000 65
100 000 75
10(LV)E(L) / 100(LV)E(1)(P) 60
CMOS HCMOS, CMOS B, ACMOS (FCT, HC, A(U),C, LVX),
(LVC, LCX, LV) (VCX, ALVC, AVC, AHC, VHC) 45
Commutateurs
logiques et analogiques, Interface bus
Interface bus GTL(p) 50 Ut =9V
Circuit de commande / récepteur de bus RS422, 55
RS423, RS485, CAN, etc. RS232, RS644/899, CML,
etc. .
BICMQS Logique 45
Interface bus ABT, BCT 50
LVT, ALVT. 50
GTL(p) 50
BTL,ETL 95
Circuit de commande / récepteur de bus 55
Tableau 8 — Circuits*intégrés analogiques
0 ref Rapport{ de
Composant tension|de
°C référerce
Amplificateurs opérationnels, comparateurs Bipolaire, BIFET 55 Uret /Urat |2 0.7
et régyllateurs de tension CMOS 45 ref /~rat |~ *
Elémepts de référence toutes technologies 45
Régulgteurs a commutateur toutes technologies 55
Ampliflcateurs et régulatetirs de puissance <1 W 70
(touted technologies) >1W 90
Cl hadte fréquence (> 100 MHz) .
Modulgteur(HE; démodulateur PLL, VCO bipolaire 65
CMOS, BICMOS 45
Emetteur, recepteur bipolaire 70
CMOS, BICMOS 45
Amplificateur / récepteur de puissance GaAs 80
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Tableau 9 - Circuits intégrés spécifiques (ASIC)

aref
Composant Note
°C
ASIC, Circuits intégrés personnalisés, Circuits intégrés
prédiffusés, Circuits intégrés de télécommunication,
Convertisseurs A/N
Bipolaire TTL 55
ECL 70
HV (> 50 V) 80
NMOS 55
CMOS| BICMOS numérique, analogique / mixte Nombre de 55
transistors < 50 k
Nombre de transistors > 50 000 a 50 x 10° 70
Nombre de transistors > 50 x 10° 80
HV (> 50 V) 75
ASIC programmables (PLD - réseau logique programmable) non
effacaples
Bipolafre TTL 80
ECL 85
CMOS (anti-fusibles) 80
ASIC programmables (PLD - réseau logique programmable)
effacaples
NMOS| CMOS Base RAM 80
Base EPROM Nombre de transistors/ <6 000 70
Base EEPROM Nombre de transistors > 5 000 80
Flash-EPROM 80

6.2 |Modéles de contraintes spécifiques
6.2.1 Généralités

Les modéles de contraintes- spécifiques sont fournis pour convertir les taux de défalllance
entre différentes conditiens. Ces modéles de contraintes comportent des constantes qui sont
des valeurs moyenngs-pour chaque type de composant provenant de différents fabricants,
déterminées lors dé.l'éxploitation et au cours d'essais en laboratoire.

pour les circuits intégrés numériques CMOS et les

A = S : ;
et X 7y X 7T circuits intégrés bipolaires analogiques ()

A= ;Lref AT pPoOuUr tOus Ies autres CITCUILs Integres (Ul) (10)

Les facteurs de contrainte traduisant l'influence de la tension et de la température sont
donnés en 6.2.2 et 6.2.3 respectivement.

6.2.2 Influence de la tension, facteur r

Selon I'Equation (3), l'influence de la tension n'est prise en compte que pour les circuits
intégrés numeériques CMOS et les circuits intégrés bipolaires analogiques. Les constantes Cy,
C, et C3 données dans le Tableau 10 sont utilisées, a moins que d'autres valeurs ne soient
indiquées. Les résultats sont présentés dans le Tableau 11 et le Tableau 12.
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Tableau 10 — Constantes pour l'influence de la tension

Circuit intégré Uref [Urat Uef Cy C, Cs

Famille numériqgue CMOS - 5V 0,1V 1

Analogique 0,7

- - 4.4 1,4

Tableau 11 — Facteur 7, pour les circuits intégrés numériques CMOS

Ugp (V) <3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15

Fagteur 7 0,8 0,9 1 1.1 1,2 1,3 1,5 1,6 1,8 2,0 2,2 2,5 2,7

Tableau 12 — Facteur 7 pour les circuits intégrés analogiques bipolaires

Uop /Urat <0,3 0.4 05 0,6 0.7 08 0,9 0

Facteur 7 0,75 0,77 0,80 0,87 1,0 1,3 1,8 B,0

6.2.3 Influence de la température, facteur =t

La relation donnée par I'Equation (6) ne s'applique qifa des températures inférieures ou
égaleg a la température de jonction assignée. Les constantes 4, Ea, et Ea, données dans le
Tableau 13 sont utilisées, a moins que d'autres valeurs ne soient indiquées. Les résultats
sont présentés dans le Tableau 14 et le Tableau %

Tableau 13 — Constantes pour l'influence de la température

A Ea, Ea,

(eV) (eV)

Circuits intégrés (sauf EPROM,;"OTPROM, EEPROM, EAROM) 0,9 0,3 0,7
gPROM, OTPROM, EEPROM, EAROM 0,3 0,3 0,6

Le facteur 7 est'obtenu a partir du Tableau 14 et du Tableau 15 en fonction:

— de|la température virtuelle (équivalente) réelle de jonction;

Obp-=amb + Fop % Rthamb en degrés Celsius,

(11)

et de la température virtuelle (équivalente) de jonction dans les conditions de référence
(voir 6.1);

Oret =40 + AT 5 en degrés Celsius, (12)

ou AT, est mesuré ou calculé sous la forme ATt = e X Rip amp -
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7 Composants discrets a semiconducteurs

7.1 Conditions de référence spécifiques

Les recommandations suivantes applicables aux températures de référence données du
Tableau 16 au Tableau 19 sont fondées sur une température ambiante de composant de
40 °C et correspondent a la plupart des applications de composants dans des équipements.

Il convient d'indiquer Il'autoéchauffement de référence, ATt = Bgf X Rip amp . lOrsque des

températures de référence autres que celles indiquées dans les tableaux sont utilisées.
Lorsqli'un taux de défaillance est spécifié pour une température ambiante de 40]°C, il
convignt également d'indiquer la puissance dissipée de référence, By, et la résigtance

thermique, Ry, amp. Vers I'environnement pour lequel cette valeur s'applique.

Pour [les composants discrets a semiconducteurs, deux résistances' |thermiquesl sont
généralement prises en considération; l'une étant située entre la jonctiop/et le boftier, |'autre
entre [le boitier et le milieu environnant. Il convient que la résistance’ thermique, Ry, amp -

mentignnée ci-dessus, soit la résistance la plus significative dans I'application a I'étude.

Tableau 16 — Transistors communs, a basse fréquence

0 ref Rapport|de
Composant tension|de
°C référente
Bipoldire, universel par exemple TO18, TO92, SOT(D){8)23 ou 55
analogue
Résegqux de transistors 55
Bipoldire, a faible puissance par exemple TO5, TO39,\S0T223, SO8, 85
SMA-BMC Uref [Urat §05
Bipolgire, a puissance par exemple TO3{’TO220, D(D)-Pack 100
FET jonction 55
MOS 55
Puissgince MOS (SIPMOS) par exemple TO3, TO220, D(D)-Pack 100

Tableau 17 — Transistors, hyperfréquences (par exemple RF > 800 MHz)

0 ref Rapport|de

Composant tension|de

°C référenge
Bipoldire large bande, faible puissance 55
de signal 125
GaAs|FET faible signal, faible bruit, 95

puissance moyenne 110 Uref/Urat = 0,5

puissance élevée 145
MOSFET large bande, faible puissance 55
de signal 125
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Tableau 18 — Diodes

gref
Composant Note
°C
Diode universelle (également avec caractéristiques a avalanche) 55
Diodes Schottky 55
Diode limiteur de tension (diode de suppression de tension) 40
Diode Zener (P, < 1 W) protection contre les surtensions? 40
Diode Zener, puissance stabilisation® 100
Diode de référence 45
Diode_p,g_ur_h_ypg;f_r_émmnr‘pc a faible puissance de signal diode
. ) j ) 45
détecfrice 45 .
diode a condensateurs 0
diode mélangeuse 25
Diode PIN
Diode|pour hyperfréquences, puissance varicap 100
diode gun 160
diode impatt 180
Diode PIN 100
Diode|de redressement haute tension 85
a8 S'{l est appliqué pour la protection contre les surtensions, le calcul peut étreteffectué sans tenir compte de
I'autoéchauffement (gref =40°C).
b S'|l est utilisé pour la stabilisation, il convient alors que le calcul tienfie compte de I'autoéchauffement.

Tableau 19 — Semiconducteurs_de puissance

Composant Oref Nlote
°C
Diodef de redressement (également avec caractéristiques a avalanche) 70
Ponts|de redressement 85
Diodep Schottky 85
Thyrisitors 85 IR
TriacJ, diacs 85
Semidonducteurs de puissance'spécialisés et personnalisés consulter le fabricant

7.2 |Modéles de‘contraintes spécifiques
7.21 Généralités

Les modeles de contraintes spécifiques sont fournis pour convertir les taux de défalllance
entre differentes conditions. Ces modéles de contraintes comportent des constantes qui sont
des valeurs moyennes pour chaque type de composant provenant de diferents iabricants
(ces valeurs sont déterminées lors de I'exploitation et au cours d'essais en laboratoire).

Le taux de defaillance dans les conditions de fonctionnement est donné par les expressions
suivantes, d'aprés I'Equation (2):

A = et X WY X 7T pour les transistors (13)

N
|

= Aref X 7T pour les diodes et les semiconducteurs de puissance (14)

NOTE 1 Les diodes font référence aux diodes d'usage général, aux diodes Schottky, aux diodes régulatrices de
tension et aux diodes Zener.

NOTE 2 Les semiconducteurs de puissance font référence aux diodes de redressement, aux ponts de diodes,
aux thyristors, aux triacs et aux diacs.
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Les facteurs de contrainte traduisant l'influence de la tension et de la température sont
donnés en 7.2.2 et 7.2.3 respectivement. Le courant peut aussi avoir une influence
importante.

7.2.2 Influence de la tension pour les transistors, facteur r

L'influence de la tension est prise en compte uniquement pour les transistors selon
I'Equation (3). Les constantes C, et C3 données dans le Tableau 20 sont utilisées, a moins
que d'autres valeurs ne soient indiquées. Les résultats sont présentés dans le Tableau 21.

Tableau 20 — Constantes pour l'influence de la tension pour les transistors

Uret / Urat Cz C3

0,5 8,0 1.4

Tableau 21 — Facteur 7, pour les transistors

Uop [Urat <0,6|065| 07 |075| 0,8 |0,85]| 09-1N095 | 1

Facteur 7 1 1,04 | 1,08 | 1,14 | 1,26 | 1,46 |, 182 | 2,52 4

7.2.3 Influence de la température, facteur =t

La relation donnée par I'Equation (6) ne s'applique* qu'a des températures inférieures ou
égaleg a la température de jonction maximale,.admissible. Les constantes 4, Ea, ¢t Ea,
données dans le Tableau 22 sont utilisées, a meins que d'autres valeurs ne soient indiquées.
Les résultats sont présentés dans le Tableaw 23 et le Tableau 24.

Tableau 22 — Constantes‘pour l'influence de la température
pour les composants discrets a semiconducteurs

Composant A Ea, Ea,
(eV) (eV
Trnsistors, diodes deréférence et diodes pour hyperfréquences 0,9 0,3 0,7

Dipdes (a I'exceptioh des diodes de référence et diodes pour

hylperfréquences) 1,0 0,4 -

S¢miconducteufs de puissance?

a

Diodes-de redressement, ponts de redressement, diodes Schottky, thyristors, triacs et diacs

L f s |y p ¥ <l T alal [aXs)
e Tacrett ¢T SOl UULICTIU a partih i TaviTau 29 T

t-du—TFabteat—24enfonction:
— de la température réelle de jonction;

Oop = Oamb + Fop * Rth amb en degrés Celsius, (15)
— et de la température de jonction dans les conditions de référence (voir 7.1);

Ot = 40 + ATy en degrés Celsius, (16)

ol AT, est mesuré ou calculé sous la forme ATt = Fef X Rin amb -
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8 Composants optoélectroniques

8.1 Conditions de référence spécifiques

Les recommandations suivantes applicables aux températures de référence données du
Tableau 25 au Tableau 29 sont fondées sur une température ambiante de composant de
40 °C et correspondent a la plupart des applications de composants dans des équipements.

Il convient d'indiquer l'autoéchauffement de référence, ATt = Ber X Rip amp  lOrsque  des
températures de référence autres que celles indiquées dans les tableaux sont utilisées.

Lorsqu‘un taux de défaillance est spécifié pour une température ambiante de 40|°C, il
convignt également d'indiquer la puissance dissipée de référence, PBg, et lalresigtance

thermique, Ry, amp . vers I'environnement pour lequel cette valeur s'applique.

Pour Jes composants optoélectroniques, deux résistances thermiques~sont généralement
prises|en considération: I'une étant située entre la jonction et le boitier, 'autre entre le poitier

et le milieu environnant. Il convient que la résistance thermique) Rih amp. mentionnée ci-
dessup, soit la résistance la plus significative dans I'application’al'étude.

Tableau 25 — Récepteurs de signaux optoélectroniques a semiconducteurs

Température de
jonction de référence .
Composant 0 Rapport de tephsion

ref de référenge
°C

Photofransistor plastique et a boitier hermétique 45 Uref /Urat =P5
Photofdiode (Si et Si PIN, InP, Inp APD, Ge, Ge*APD) 45
Photoglément 45
Module détecteur 40
Compjsant solaire 40
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Tableau 26 — LED (diodes électroluminescentes), IRED (diodes infrarouges),
diodes laser et composants d’émetteurs

Température de

jonction de
référence Rapport de
Composant 0 courant de
ref référence
°C
LED (diode électroluminescente) en lumiére visible
(radiale et SMT, dispositifs de puissance de grande taille (> 100 mA 45
courant continu)) Iref/[rat =05
IRED [timfrarouge tED (AN GaAs,TP) 75
Diode|laser (GaAs 880 nm, InP 1 300 nm, InP 1 500 nm) 75
Résegqu de diodes laser, laser a pompe / laser a pompe refroidi 45

(GaA$ 980 nm, InP 1 480 nm)

Modules émetteurs a laser

consulter le fabricant

Affichpges (LED)

55

Affichpges (a cristaux liquides, électroluminescents)

consulter lexfabricant

Amplificateur optique a semiconducteur (SOA)

45

Fibre (EDFA)

consulter le fabricant

Modulateurs (InP, LiNbO,)

40

Tableau 27 — Optocoupleurs et barriéres photoélectriques

Température de
jonction de référence

Composant 0 ref Noté
°C
Optodoupleur avec sortie bipolaire 55
avec sortie FET 65
avec électronique ultérieure 55
avec électronique de puissance ultérieure 65
Barridre avec(sortie de diode / transistor 55
photoglectrique X ; T
avec“électronique ultérieure 55
Tableau 28 — Composants optiques passifs
Température de
jonction de référence
Composant 0 ref Note
°C
Connecteur a guide d'ondes optique (ordre n) 40
Fibre amorce (un pilote et un connecteur) 40
Fibre 40
Fibre de compensation de dispersion (DCF) 40
Aucune
Isolateurs 40 influence de la
Circulateurs 40 température a
prendre en
Multiplexeur optique, démultiplexeur optique (couche mince, réseau 40 compte
sélectif planaire (AWG))
Affaiblisseurs optiques (valeur fixe, électromécanique) 40
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Température de
jonction de référence

Composant 0 rof Note
°C
Commutateur (électromagnétique, MEM) 40
Coupleur, séparateur, filtre (couche mince, Bragg) 40

Tableau 29 — Emetteur-récepteur, transpondeur et sous-équipement optique

Température de

jonction de référence

Composant 0 ref Notg¢
°C
Emetteur-récepteur, SFF, SFP 40
Transpondeur -
Xpondeur / longue distance,
accordable
Analygeur de spectre optique (OPA, complexe / OSA, complexe) .
. 1 . . Consulterle fabricant
Compensateur a dispersion active
Comnutateur sélectif de longueur d'onde
Dispogpitif de blocage de longueur d'onde
Courgnt de fuite a la terre (GTC) 40 Aucune
(électfomécanique) influencelde la
températdre a
prendre ¢n
compte

8.2 |Modéles de contraintes spécifiques

8.2.1 Généralités

Les modéles de contraintes spécifiques sont fournis pour convertir les taux de défalllance
entre différentes conditions. Ces*modeles de contraintes comportent des constantes. Cdlles-ci
sont fles valeurs moyennes~pour chaque type de composant provenant de diffgrents
fabricants (ces valeurs.sont déterminées lors de l'exploitation et au cours d'essais en
laboratoire).

Le talyx de défaillance dans les conditions de fonctionnement est donné par I'expr

suivar

te, d'aprés.I"Equation (2):

A = Aeds X Ty X 7T pour les phototransistors

A = Apef X 7T

pour les autres récepteurs de signaux optiques a

semiconducteurs, optocoupleurs et barrieres

photoélectriques,

connecteurs a guide d'ondes optique, fibres

A = dref X M X T

A = Aref

amorces, émetteurs-récepteurs, transpondeurs

pour les diodes électroluminescentes (LED) et
diodes infrarouges (IRED)

pour les autres composants optiques

pssion

(17)

(18)

(19)

(20)

Les facteurs de contrainte pour l'influence de la tension, du courant et de la température sont

donnés de 8.2.2 4 8.2.4.
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L'influence de la tension est prise en compte uniquement pour les phototransistors, selon
I'Equation (3). Les constantes C, et C3 données dans le Tableau 30 sont utilisées, a moins
que d'autres valeurs ne soient indiquées. Les résultats sont présentés dans le Tableau 31.

Tableau 30 — Constantes pour l'influence de la tension sur les phototransistors

8.2.3

L'influ
(LED)

sont p

Uret
Urat

0.5
g

Tableau 31 — Facteur zy pour les phototransistors

U,
op <0,6/|065| 07 [075| 0,8 |0,85]| 0,9 |085.}) 1
Urat

Facteur 7 1 |1,04]1,08 1,14 | 126 | 1,46 | 1,82 252 | 4

Influence du courant, facteur 7

ence du courant est prise en compte uniquement pour les diodes électrolumines
et infrarouges (IRED), selon I'Equation (4). Lés ¢onstantes C, et C5 données dpns le
Tableau 32 sont utilisées, a moins que d'autres ¥aleurs ne soient indiquées. Les ré
résentés dans le Tableau 33.

Tableau 32 — Constantes pour I'influence du courant sur les LED et IRED

et
]rat C4 C5
0,5 1,4 8,0

Tableau 33 — Facteur 7 pour les LED et les IRED

I

P <06|065| 0,7 [075]| 0,8 |0,85| 0,9 [0,95| 1
Irat
Facteur 7| 1 | 1,04 [ 1,08 | 1,14 | 1,26 | 1,46 | 1,82 | 252 | 4

centes

sultats

8.2.4

Influence de la température, facteur =t

La relation donnée par I'Equation (5) ne s'applique qu'a des températures inférieures ou
égales a la température de jonction maximale admissible. Les valeurs de la constante Ea,
données dans le Tableau 34 sont utilisées, a moins que d'autres valeurs ne soient indiquées.
Les résultats sont présentés dans le Tableau 35.
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Le fac

de

o,

et

7/

ou

Tableau 34 — Constantes pour l'influence de la température
sur les composants optoélectroniques

Composant Ea ,

(eV)

Récepteur de signaux optiques a semiconducteurs Si 0,3
InP 0,7

Ge 0,6

Diodes électroluminescentes (LED) 0,65
Diodes infrarouges (IRED) (Al)GaAs 0,65
InP 1,0

Laser semiconducteur GaAs 0,6
InP 0,8

Optocoupleur et barriéres photoélectriques 0,5
Connecteur a guide d'ondes optique; fibre amorce 0,3
Emetteur-récepteur, transpondeur 0,4

teur 71 est obtenu a partir du Tableau 35 en fonction:

la température réelle de jonction;

bp = Oamb + Fop X Rthamb ~ en degrés Celsius,

de la température de jonction dans les conditions de référence (voir 8.1);
of =40+ AT o en degrés Celsius,

AT est mesuré ou calculé sous latforme AT = Pt X Rip amp -

(21)

(22)
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Récepteur de signaux optiques a semiconducteurs

Facteur 71 pour aop

Oref
OC OC
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
s 40 | 0,57 | 0,69 | 0,83 1 1,2 1,4 1,7 2 2,3 2,6 | 3,1 3,5 4 46 [ 53 6
i
45 ( 0,48 [ 0,58 | 0,7 | 0,84 1 1,2 1,4 1,6 1,9 2,2 | 2,6 3 34139 ]| 44 5
Inp 40 | 0,27 | 0,42 | 0,66 1 1,5 2,2 3,3 4,8 6,8 9,7 14 19 26 36 48 65
n
4p [ 0,18 | 0,28 | U,44 | U,060 1 .5 Z,Z 3,2 T 5 0.4 9 T3 T7 pL 32 43
G 4p | 0,33 | 0,48 | 0,7 1 1,4 2 2,8 3,8 5,2 7 9,4 12 16 21 28 36
e
46 | 0,23 | 0,34 | 0,49 | 0,7 1 1,4 1,9 2,7 3,7 49 (6,6 | 8,8 12 15 20 25
LED (lumiérg visible et IRED)
Facteur 71 pour Bop
aef
oM OC
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
4p | 0,20 | 0,31 | 0,46 | 0,68 1 1,4 2,1 2,9 4.1 5,6( 17,7 11 14 19 25 33
(Al)GaAs| 5p (0,099| 0,15 | 0,22 | 0,33 | 0,49 | 0,7 1 1,4 2 2% 3,7 | 51 6,9 | 9,2 12 16
7p |0,026| 0,04 | 0,06 |0,088| 0,13 | 0,19 | 0,27 | 0,38 | 0,53(])0,73 1 1,4 1,8 | 2,4 []3,2 4,3
InP 7p (0,004 0,007|0,013|0,0240,043|0,076| 0,13 | 0,22 |/0y37 | 0,62 1 1,6 | 2,5 4 6,1 9,3
Laser semiclonducteur
Facteur.zt pour Bop
aef
ot °C
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
GaAs 7p |0,035]0,051]0,074| 0,11 | 0,15 | 0,2%/ 0,3 | 0,41 | 0,55 | 0,75 1 1,3 1,7 | 2,3 3 3,8
InP 7p |0,035]0,051]0,074| 0,11 | 0,15¢0,21 | 0,3 | 0,41 | 0,55 | 0,75 1 1,3 1,7 | 2,3 3,8
Optocoupleyr et barriére photoélectrique
Facteur 71 pour Bop
aef
oM OC
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
b | 0,17 | 0,23,] 0,32 | 0,43 | 0,57 | 0,76 1 1,3 1,7 22 |1 28| 35|44 |551]]|6,8 8,5
6p | 0,1 | 0s94\] 0,19 | 0,25 | 0,34 | 0,45 | 0,59 | 0,77 1 1,3 1,6 | 2,07 | 2,6 | 3,3 ||4,05 | 5,01
Connecteurl’é guide.d'ondes optique; fibre amorce; modulateurs; commutateur sélectif de longueur d'ondg; dispositif
de blocage ¢le longueur d'onde
oL Facteur 71 pour Oop
OC OC
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
40 | 0,57 | 0,69 | 0,83 1 1,2 1,4 1,7 2 2,3 2,6 | 3,1 3,5 4 46 | 53 6
Emetteur-récepteur, transpondeur
Facteur 71 pour Bop
Oref
OC OC
<25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
40 | 0,47 | 0,61 | 0,79 1 1,3 1,6 2 2,4 3 3,7 |44 | 54 | 65|77 | 92 11



https://iecnorm.com/api/?name=9c9206092b16c21c6994d97136b9c159

IEC 61709:2017 © IEC 2017 - 167 -

9 Condensateurs

9.1 Conditions de référence spécifiques
Les recommandations applicables aux températures de référence données dans

le Tableau 36 sont fondées sur une température ambiante de composant de 40 °C et
correspondent a la plupart des applications de composants dans des équipements.

Tableau 36 — Condensateurs

Température de
référence-des
Rapport|de
d t
Type de condensateur con egsa eurs tension de
ref référenge
°C
Feuille métallique
Polys{yrol, polypropyléne, polycarbonate, polyéthyléne téréphtalate
Film métallisé
Polypfopyléne, polycarbonate, polyéthyléne téréphtalate, acétate de
cellulgse
Papief métallisé (film)
. 50 % de la
Mica tension ass|gnée
40 a40°C
Verre
Acétale de cellulose Uref /Urat {05
Céramique
Condg¢nsateurs par dépdt pour circuits hybrides
Electrplytique au tantale
- électrolyte non solide
- électrolyte solide
Electrplytique a I'aluminium 80 % de la
i . tension assfgnée
- électrolyte non solide 40 3 40 °C
- électrolyte polymére solide
Uref /Urat =P8
Varialple 40 ----
9.2 |Modélede contrainte spécifique
9.2.1 Généralités
Le talx—de—défattance—dans—tes—conditions—de—fonctionmement——est—donmé pPat :Yc)\pl gssion
suivante, d'aprés I'Equation (2):
A= ’lref XYy X TT (23)

NOTE Les composants électrolytiques a I'aluminium a électrolyte non solide sont des composants
électrochimiques appartenant a un vaste domaine technologique. Par conséquent, les constantes et facteurs
donnés ne sont que des estimations des valeurs. Des valeurs plus spécifiques peuvent étre fournies dans les
spécifications de composants correspondantes ou peuvent étre convenues entre I'utilisateur et le fabricant.

Les facteurs de contrainte traduisant l'influence de la tension et de la température sont
donnés en 9.2.2 et 9.2.3.
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9.2.2 Influence de la tension, facteur r

L'jnfluence de la tension est prise en compte uniquement pour les condensateurs fixes, selon
I'Equation (3).

Pour les condensateurs variables, =y =1.

Les constantes ¢, et c; données dans le Tableau 37 sont utilisées, a moins que d'autres
valeurs ne soient indiquées. Les résultats sont présentés dans le Tableau 38.

Tahl 47 — Constant Finfl le |a tensi I I I

Uref
Type de condensateur C, C,
Urat
Papier, papier métallisé
Film de polypropyléne métallisé
0,5 1,07 3,45

Film de polytéréphtalate d'éthyléne métallisé

Film d'acétate de cellulose métallisé

Film de polycarbonate a armatures a feuilles
métalliques 0.5 1.50 456
Film de polycarbonate métallisé

Film de polystyréne

Film de polytéréphtalate d'éthyléne a armatures
a feuilles métalliques 0,5 1,29 4.0

Film de polypropyléne a armatures a feuilles
métalliques

Verre 0,5 1,11 4,33
Mica 0,5 1,12 2,98
Céramique 0,5 1,0 4.0
Condensateurs par dépdt pour circuits hybrides 0,5 1,0 4,0
SE(I)elziztéolytique a I'aluminium, électrolyte non 0.8 1.0 1,36
Electrolytique a ["aluminium, électrolyte solide 0,8 1,9 3,0
Electrolytique‘ad tantale, électrolyte non solide 0,5 1,0 1,05

Electrolytique au tantale, électrolyte solide 0,5 1,04 9,8
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Tableau 38 — Facteur 7, pour les condensateurs

Facteur 7y pour Uop/Urat

Type de condensateur 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Papier, papier métallisé
Film de polypropyléne métallisé
Film de polytéréphtalate d'éthyléne 0,26 | 0,36 | 0,50 | 0,71 | 1,0 | 1,40 | 2,0 | 29 | 42 | 61
métallisé
Film d'acétate de cellulose métallisé
Film de polycarbonate a armatures a
feuilles [rretattques 0,23 | 0,30 | 0,42 | 0,63 | 1,0 | 1.7 | 29 | 5.2 | 98| 19
Film de|polycarbonate métallisé
Film de|polystyréne
Film de|polytéréphtalate d'éthyléne a
armatures a feuilles métalliques 0,24 | 0,32 | 0,45 | 0,66 1,0 1,5 2,4 3,9 6,4 11
Film de|polypropyléne a armatures a
feuilles Imétalliques
Verre 0,19 [ 0,28 | 0,42 | 0,64 | 1,0 1,6 2,5 4,0 6,3 10
Mica 0,32 [ 0,42 | 0,55 | 0,74 | 1,0 1,4 1,9 2,6 3,6
Céramique 0,20 | 0,30 | 0,45 | 0,67 | 1,0 1,5 2,2 3,3 5,0 7,4
Con(jensateurs par dépdt pour circuits 020 | 0,30 | 0,45 | 0,67 1,0 15 2.2 3.3 5.0 7.4
hybride$
SECI)?icc:jteronUquea|a|um|n|um,electrolyte non 039 | 0,44 | 0,51 |©58 | 067 | 0,76 | 0,87 1.0 1.2 1.3
Electrolytique a I'aluminium, 0,15 | 0,16 | 0,49°| 0,24 | 0,31 | 0,44 | 0,64 | 1,0 | 1.6]]| 2.8
électrolyte solide
SEcl)?ic(:jterolynque au tantale, électrolyte non 0.66 | 0789081 | 0,90 1.0 1.1 1.2 1.4 15 1.7
Electrolltique au tantale, électrolyte solide |0,021405054 | 0,14 | 0,37 1,0 2,7 7,4 20 56 154
9.2.3 Influence de la température, facteur =t
La relation donnée par I'Equation (6) ne s'applique qu'a des températures inférieures ou
égaleg a la température de composant maximale admissible. Les constantes 4, Ea4 [et Ea,

donnéles dans le Tableau 39 sont utilisées, a moins que d'autres valeurs ne soient indiquées.

Les résultats sont présentés dans le Tableau 40.
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Tableau 39 — Constantes pour l'influence de la température sur les condensateurs

Le fac

- de

)

ou

—

- €

D

Type de condensateur A Ea, Ea,
eV eV

Papier
Papier métallisé
Film de polypropyléne métallisé
Film de polytéréphtalate d'éthyléne métallisé
Film d'acétate de cellulose métallisé
Fllm de pollytelrephtalate d'éthylene a armatures a 0,999 0.5 1,59
feuilles métalliques
Film de polypropyléne a armatures a feuilles
métalliqgues
Film de polystyréne a armatures a feuilles
métalliques
Film de papier métallisé
Film de polycarbonate a armatures a feuilles 0,998 0,57 1,63
métalliques,
Film de polycarbonate métallisé
Verre, mica 0,86 0,27 0,84
Céramique 1,0 0,35 -
Condensateurs par dépdt pour circuits hybrides 1,0 0,15 -
Electrolytique a I'aluminium, électrolyte non solide 0,87 0,5 0,95
Electrolytique a I'aluminium, électrolyte solide 0,40 0,14 0
Electrolytique au tantale, électrolyte non solide 0,35 0,54 0
Electrolytique au tantale, électrolyte solide 0,961 0,27 1,1
Variable 1,0 0,15 -

teur 71 est obtenu a partir du Tableau 40 en fonction:
la température réelle du condensateur;

bp = Oamb + AT en. degrés Celsius,

AT est la variation . de. température due aux conditions de fonctionnement;
de la températlre du condensateur dans les conditions de référence (voir Tableay

b =40°C

(24)

36);

(25)
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Tableau 40 — Facteur 71 pour les condensateurs

Température
du
condensateur opa

dans les c
Type de condensateur | conditions de
référence

Facteur 71 pour gop

0 ref <20( 30|40 |50 (60|70 |80 |85 (90 (100({105(110(120 (125

°C

Papier,

Papier métallise,

Film de polypropyléne
métallisé

Film de golytéréphtalate
d'éthyléne métallisé,
Film d'acétate de
cellulose|métallisé,

Film de golytéréphtalate 40 0,28 0,54/ 1,0|1,8(3,1|5.2| 9 |12 | 16 | 3349 | 77 | 210|350
d'éthyléne a armatures a

feuilles métalliques,
Film de dolypropyléne a
armaturep a feuilles
métalligues,

Film de fdolystyréne a
armaturep a feuilles
métalligues,

Film de dapier métallisé
Film de Ltalycarbonate a
armaturep a feuilles
métalliques, 40 0,24 (0,50{1,0|1,9|36 6,713 | 18 | 27 | 63 [100(170|519 |900
Film de dolycarbonate
métallisé

Verre, mica 40 0,450,6711,0¢41,512,54,2(7,5( 10 - - - - - -

Céramiqle 40 0,410,650 (15(22(3,1(44 (51| 6 [81(93 11|14 |16

Electrolylique &
I'aluminiym, électrolyte 40 0,26 (0,611 1,011,913,7|7,2(14 |20 | 28 | 55|77 |[110(219|290
non solide

Condenspteurs par dépot

T X 40 0,68 (0,83|1,0(1,2 (14 (1619 2 [(2,2(2,5(2,6(2,8]3,1/3.,3
pour circhpits hybrides
Electrolylique &
I'aluminiym, électrolyte 40 0,88 (0,94(1,0(1,1(1,2(1,2(1,3[14(14(15(16(16|1,4|1,8
solide
Electrolylique au tantale, 40 074lo83l10l13l18|27]| 4 5 ) ) ) ) ) )
électrolyfe non solide ’ ’ ’ ’ ’ ’
Electrolyjique au tantale, 40 049 [0,7 [1,0(1,45|2,2 37| 7 |10 | 15 | 32 | 49 | 73 |17p |250
électrolyfe solide
Variable 40 0,68(0,83(1,0(1,2(14 (1619 2 [2,2(25(2,6(2,8(3,1(3,3

a8 Les relations_indiquées s'appliquent uniquement a des températures inférieures ou égales a la température
assighée du condensateur.

10 Résistances et réseaux de résistances

10.1 Conditions de référence spécifiques

Les recommandations applicables aux températures de référence de I'élément de résistance
données dans le Tableau 41 sont fondées sur une température ambiante de composant de
40 °C et correspondent a la plupart des applications de composants dans des équipements. Il
convient d'indiquer I'autoéchauffement de référence, AT, lorsque d'autres températures de

référence sont utilisées.
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Tableau 41 — Résistances et réseaux de résistances

Température de référence
de I’élément de résistance Rapport
Composant 0 rof de puissance de
référence
°C
Couche de carbone 55
Film métallique 55
Résistances a couche mince pour circuits hybrides 55 50 % de la
Résistances a couche épaisse pour circuits hybrides 55 puissapieoa%signée
3 o
Réseaux (circuits de film) par élément de résistance 55 5
Pros [Pyt =0,
Oxydle métallique 85 ref [ Frat =0,
Bobinage 85
Varigble 55

10.2 [Modéles de contraintes spécifiques
10.2.1] Généralités

Le tayx de défaillance dans les conditions de fonctionnement_est donné par I'exprgssion
suivar|te, d'apres I'Equation (2):

A= Apet X 7T (26)
Les fajcteurs de contrainte pour I'influence de la température sont donnés en 10.2.2.

10.2.2 Influence de la température, facteur -z

La relation donnée par I'Equation (6):.fit s'applique qu'a des températures inférieures ou
égaleg a la température de I'élément de résistance maximale admissible. Les constar]tes 4,
Ea, el Ea, données dans le Tableat 42 sont utilisées, a moins que d'autres valeurs ne [soient
indiquges. Les résultats sont présentés dans le Tableau 43.

Tableau 42 — Constantes pour I'influence de la température sur les résistancep

A Ea, Ea,
eV eV
0,873 0,16 0,44

Le facteur/z1 est obtenu a partir du Tableau 43 en fonction:

— de la température moyenne réelle de I'élément de résistance;
Oop = Oamb + AT en degrés Celsius, (27)

ou, AT = Fyp X Rip amb :(Hmax—40)><(P0p/Prat) est la variation de température, en degrés

Celsius, due au fonctionnement (avec 6,,,x comme température maximale de I'élément de
résistance);

— et de la température moyenne de I'élément de résistance dans les conditions de référence
(voir Tableau 41);

0,.ef =40+ATref (28)
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Tableau 43 — Facteur =1 pour les résistances

0 rof Facteur 71 pour '90p
Composant °C °c
(voir 10.1) | <25 | 30 40 50 60 70 80 90 | 100 | 110 | 120 | 125
55 0,49 (0,56 (0,71 (089 | 1,1 | 1,4 | 1,8 | 22 | 2,8 | 3,6 | 46 | 51
Résistances
85 0,25 | 0,28 | 0,35 | 0,45 | 0,56 | 0,71 | 0,89 | 1,1 | 1,4 | 1,8 | 2,3 | 2,6
11 Inductances, transformateurs et bobines
11.1 [Conditions de référence
Les fecommandations applicables aux températures de référence ("données | dans
le Tableau 44 sont fondées sur une température ambiante de composant de 40(°C et
corregpondent a la plupart des applications de composants dans des équipements. Il convient
d'indiquer l'autoéchauffement de référence, AT, lorsque d'autres températures de réf¢rence
sont utilisées.
Tableau 44 - Inductances, transformateurset bobines
Température de
référence moyenne
de I'enroulement Rappoit de
Comppsant puissan’ke de
O ref référence
°C
Inductpnces pour applications CEM < 3A 60
> 3A 85 50 % de |p
puissancq
Inducthnces et transformateurs basse fréequence < 25 kHz 55 assignée ja
Inductpnces et transformateurs haute fréquence > 25 kHz 55 a0°C
Transfprmateurs secteur et transformateurs pour alimentations a 85 PFEf/Pfat F 05
découpage
11.2 |[Modéle de contrainte spécifique
11.2.1| Généralités
Le talx de<de€faillance dans les conditions de fonctionnement est donné par I'expression
suivar)te, d'apres I'Equation (2):
A= et X 7T (29)

Les facteurs de contrainte pour I'influence de la température sont donnés en 11.2.2.

11.2.2 Influence de la température, facteur 7

La relation donnée par I'Equation (6) ne s'applique qu'a des températures inférieures ou
égales a la température maximale admissible de I'enroulement. Les constantes 4, Eaq et Ea,
données dans le Tableau 45 sont utilisées, a moins que d'autres valeurs ne soient indiquées.
Les résultats sont présentés dans le Tableau 46.
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Tableau 45 — Constantes pour l'influence de la température
sur les inductances, transformateurs et bobines

A Ea, Ea,
eV eV
0,996 0,06 1,13

Le facteur z1 est obtenu a partir du Tableau 46 en fonction:

— de la température moyenne réelle de I'enroulement;

Obp = Oamp + AT en degrés Celsius (30)
ou| AT est la variation de température due aux conditions de fonctionnement;

— et|de la température moyenne de I'enroulement dans les conditions deneférence (voir
Tapleau 44);

Oet = 40 + AT s en degrés Celsius (31)
ou| AT, est mesuré ou calculé a 0,5x B .

Tableau 46 — Facteur 71 pour les inductances, transformateurs et bobines

0 ref Facteur 7T pour Oop

Comfposant °C °c

(voir 11.1) | <25 | 30 40 50 60 70 80 85 90 | 100 | 110 | 120 | 125

55 0,79 (0,82 10,89|0,96 | %A 1,2 (1511923 | 43] 8,8 19 29
Inductances,
transformate 60 0,75 (0,78 1 0,84 | 0,91 1 1,1 1,56 | 1,8 | 2,2 4 8,4 18 27
urs, bobines

85 0,43 (0,44 | 0,4840)52 | 0,57 | 0,66 | 0,83 1 1,3 [ 2,3 | 4,8 10 15

12 Djspositifs pour hyperfréquences

12.1 |Conditions de référence spécifiques

Les cgnditions de référence sont indiquées dans le Tableau 47.
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Tableau 47 — Dispositifs pour hyperfréquences

Température de référence du composant

Composant

0 ref

°C

Note

Eléments pour hyperfréquences

Guides coaxiaux et guides d'ondes

Charge

Affaiblisseur fixe

Affajblisseur variable

Eléments fixes

Coupleurs directifs

Embases fixes

Cavjtés

Eléments variables

70

Emlpases accordées

Cavjtés accordées

Dispositif avec ferrites (émetteur)

Dispositif avec ferrites (récepteur)

Conpposants passifs a fréquences
radipélectriques/pour hyperfréquences

Filtre

Isolateur

Cirqulateur

Sépprateur/combinateur

Synfhétiseur

44

Augune inciderjce
dé la températ
et des contrainfes

électriq
taux de
défailla

=

e

ues surlles

nce.

12.2 |[Modéles de contraintes spécifiques

L'appljcation réelle des contraintes de température
aucun|modéle.

13 Autres composants passifs

13.1 [Conditionside référence spécifiques

Les cgnditions-de référence sont indiquées dans le Tableau 48.

et électriques n'a produit jusqu’a pfésent
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Tableau 48 — Autres composants passifs

référence du composant

Température de

Composant 0 e Note
°C
Varistances
Thermistances a coefficient de température positif (CTP),
thermistances a coefficient de température négatif (CTN)
Parafoudres
Résondteurs céramiques
Filtres Aug:une
incidence|de la
Filtres ¢'ondes de surface (SAW), oscillateurs d'ondes de surface températyre et
(oscillajeurs SAW), oscillateurs commandés en tension (OCT) 40 des contrpintes
. - électriqugs sur
Composgants piézoélectriques (transducteurs et capteurs) les taux de
défaillance.

Quartz

Oscillateurs a quartz:

XO (hotloge), VCXO (commandé par une tension), PCT (compensé
en température), OCXO (a enceinte a température régulée)

Conderjsateurs de traversée, filtres de traversée

Fusiblep

13.2 |[Modéles de contraintes spécifiques

L'appljcation réelle des contraintes de température et électriques n'a produit jusqu’a pfésent

aucun|modele.

14 Cpnnexions électriques

14.1 [Conditions de référence'spécifiques

Les cgnditions de référence’sont indiquées dans le Tableau 49.

Tableau 49 — Connexions électriques

oS posant Section de conducteur 0 ref Rapport de courhnt de
mm? °c référence
Brasurg (manuelle, mécanique) -
Soudure_de_fils pour circuits hvbrides (Al _Au) -
Connexion enroulée 0,05a0,5
Sertissure (manuelle, mécanique) 0,05 a 300 50 % du courant assigné
pour le conducteur
Fusion par point 0,17a0,5 40 connecté
Compression 0,3a2 Lef /[rat =05
Dénudage 0,05a1
Vis 0,5a 16
Pince (force élastique) 0,5a 16

14.2 Modéles de contraintes spécifiques

L'application réelle des contraintes de température et électriques n'a produit jusqu’a présent

aucun modeéle.
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