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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VARISTORS FOR USE IN ELECTRONIC EQUIPMENT -
Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote”international

coloperation on all questions concerning standardization in the electrical and electronic fields. Tg, this end

and in

addition to other activities, IEC publishes International Standards, Technical Specifications, Tieéhnical Rgports,

Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)”).

Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject deglt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizat

aising
on for

Standardization (ISO) in accordance with conditions determined by agreement between the two organizatipns.

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr

tional
bm all

htional
bf IEC

Pdblications is accurate, IEC cannot be held responsible for,the-way in which they are used or fgr any

Inforder to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their natiohal and regional publications. Any divergence bdtween

essment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification‘\bodies.

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

Nq liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and’IEC National Committees for any personal injury, property dam

latter.

itself does not provide any attestation of confarmity. Independent certification bodies provide confprmity

r any

s and
hge or

otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses

arising out of the publication, use ef/ or reliance upon, this IEC Publication or any other IEC Publications.

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

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

This|redline,version of the official IEC Standard allows the user to identify the cha
made to the.previous edition. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.

bns is

patent

nges
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International Standard IEC 61051-1 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

This third edition cancels and replaces the second edition published in 2007. This edition
constitutes a technical revision.

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

a)

b)

c)

d)
e)

f)
9)

h)

10 new terms and definitions — leaded varistors, surface mount varistors(SMV), electrostatic
discharge (ESD), ESD clamping voltage, equivalent rectangular pulse duration, maximum

normal overvoltage withstanding duration and temperature derating curve — have peen

SEak current derating characteristic, rated average dissipation power, rated enprgy,

ded (see 3.6, 3.7, 3.14, 3.15, 3.19, 3.20, 3.23, 3.24, 3.25 and 3.29);

eneral requirements for electrical tests and 7 new test items — clamping\veltage,
ectrostatic discharge (ESD), robustness of terminations of surface mount’varistors —
een added (see 6.5, 6.11, 6.12, 6.13, 6.14, 6.15, 6.16 and 6.17.8);
m 6.6, 6.7, 6.8, 6.9.3, 6.23.2, 6.23.4 and 6.26, following test item§*have been revised

Varistor voltage, leakage current and capacitance: more\(detailed requirements
information have been added;

O 00 0N

changed from 1 mm to 3 mm for testing varistors’having axial terminations;
¢| Climatic sequence — dry heat: the method. has been changed from Ba to Bb;

¢| Climatic sequence — cold: the method_has been changed from Aa to Ab;

continuously throughout the test lasting for 1 000 h;

flom the section of test and@easurement procedures;

ESD

amping voltage, maximum peak current, rated average dissipation power,) rated engrgy,

have

and

o| Voltage proof — foil method: the space between the edge of the foil and each terminjation
has been changed from 1 mm ~ 1,5 mm to 3 mm ~,3'5mm for testing varistors not having
axial terminations and the minimum space betweehn the foil and the termination has peen

| Endurance at upper category temperature: the method of "applying test voltaggs in
cycles of 1,5 hon and 0,5 h off" has'been changed to the method of applying test volfages

Tlhe test items of pulse current, voltage under pulse condition and bump have been dejeted

Annex A and the contents referring to the test fixture specified in Annex A have ppeen

A new normative-annex entitled "Test pulses used in this specification" (Annex B) has been

added;
new . \informative annex entitled "Recommended measurement/test methodg for
d, in
ation
Jing J A3 3 ) 3 jerating
characteristic, thermal resistance and abnormal overvoltage withstanding duration have

been given.

The text of this International Standard is based on the following documents:

FDIS Report on voting

40/2621/FDIS 40/2625/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 61051 series, published under the general title Varistors for use in
electronic equipment, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

e amended.

IMPQRTANT — The “colour inside” logo on the cover page of this publication indigates
that |t contains colours which are considered to be useful for the correct'vnderstanding
of itg contents. Users should therefore print this publication using a celeur printer.
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VARISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1. Generic specification

2018

Fha dbiectofthis standard-is-toestablish standardterms inspection-pnrocedures and methdds of
—e-gujectoHHS SRR G1St0-esabHsSh-Stahaarate R SHRSPecHoR-proceadre SR anetngasS-ot
test for use in seactional-and detail snecifications for Oualification-_Apnprovalzand for Obualityv
testtoruse+h—SsectHoharahRa—eaetah——specHHcatonRstor—datHHcaton—AppravarahRa 1o Quatty

NOTE
or spe|
if requ

2 N

The flollowing documents are referred tg'in the text in such a way that some or all of their co

cons
For
amer

IEC ¢

IEC ¢

HEC-4

IEC ¢

It es]jablishes standard terms, inspection procedures and methods of test for use in sect

part of IEC 61051 is a generic specification and is applicable toMaristors with symmej
pe-current characteristics for use in electronic equipment.

etail specifications for quality assessment or any othéppurpose.

Detail specifications can be specifications within the IEG _g8yStem, another specification system linked t
cified by the manufacturer or user. The drafting of a complete detail specification by IEC technical commitf
ired, follows the rules described in Annex A.

lormative references

itutes requirements of this docGment. For dated references, only the edition cited ap
undated references, the iJatest edition of the referenced document (including
dments) applies.

0027 (all parts), Letter symbols to be used in electrical technology

0050 (all parts),Anternational Electrotechnical Vocabulary (IEV)

0062:2004, Marking codes for resistors and capacitors

trical

ional

b IEC,
ee 40,

ntent
blies.
any

IEC 60068-1:1988 2013, Environmental testing — Part 1: General and guidance
Amendment1-({1992)

IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:1974 2007, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

Amendment 1 (1993)
Amendment 2 (1994)

IEC 60068-2-6:1995 2007, Environmental testing — Part 2-6: Tests — Test Fc-and-guidance:
Vibration (Sinusoidal)

IEC 60068-2-13:1983, Environmental testing — Part 2-13: Tests — Test M: Low air pressure
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IEC 60068-2-14:1984 2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

Amendment 1 (1986)

IEC 60068-2-20:4979 2008, Environmental testing — Part 2-20: Tests — Test T:-Seldering
Test methods for solderability and resistance to soldering heat of devices with leads

e EaTa = e RO S R

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices
IEC 60068-2-21:2006/COR1:2012

IEC 60068-2-27:4987 2008, Environmental testing — Part 2-27: Tests — Test Ea and~guidance:
Shock

IEC 40068-2-20:-1097 Dart 2- Tacte Test Eh and
== AasacAc ey ey o e s a1 eStS +HeStE=b0aha

i neca: Bumn
A Crat ot

o
gt TG TS

IEC §0068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db and-guidance: Damp
heat, cyclic (12 h + 12-hour cycle)

IEC §0068-2-45:1980, Environmental testing — Part 2-45: Tests) — Test XA-and-guidafee —
Imma@rsion in cleaning solvents
IEC $0068-2-45:1980/AMD1:1993

IEC §0068-2-58:2004 2015, Environmental testing — Part 2-58: Tests — Test Td: Test methods
for splderability, resistance to dissolution ‘of metallization and to soldering heat of sufface
mounting devices (SMD)

IEC §0068-2-69:1995 2017, Environmental testing — Part 2-69: Tests — Test Te/Tc:
Soldé¢rability testing of electroniclcomponents-fersurface-mounttechnology and printed bgards

by the wetting balance (force.imeasurement) method

IEC 60068-2-78:200% 2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp |heat,
steady state

IEC §0294:1969,"Measurement of the dimensions of a cylindrical component having two |axial
terminations

HEC-4

IEC 60617:2007, Graphical symbols for diagrams
(available at http://std.iec.ch/iec60617)

IEC 60695-11-5:2004 2016, Fire hazard testing — Part 11-5: Test flames — Needle-flame test
method — Apparatus, confirmatory test arrangement and guidance

IEC 60717:4981 2012, Method for the determination of the space required by capacitors and
resistors with unidirectional terminations

IEC 61000-4-2:2008, Electromagnetic Compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test
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IEC 61193-2, Quality assessment systems — Part 2: Selection and use of sampling plans for
inspection of electronic components and packages

IEC 61249-2-7:2002, Materials for printed boards and other interconnecting structures —
Part 2-7: Reinforced base materials clad and unclad — Epoxide woven E-glass laminated sheet
of defined flammability (vertical burning test), copper-clad

ISO $0000-1:2009, Quantities and units — Part 1: General

3 1

For t

ISO and IEC maintain terminological databases for use in standardization at the follg

addrq

i

g

N

3.1
type

group of components having similar designfeatures and the similarity of whose manufactj

techr
confd

Note ]

Note 2
belon
insped

[SOU
has H

3.2
style
subd
varial

[erms and definitions

ne purposes of this document, the following terms and definitionS apply.

PSSES:

EC Electropedia: available at http://www.electropedia.org/

bO Online browsing platform: available at http://yyww.iso.org/obp

iques enables them to be grouped tegether either for qualification approval or for q
rmance inspection

to entry: They are generally covered by a single detail specification.

to entry: Components described in several detail specifications may, in some cases, be conside
ing tothe same type and—way can therefore be grouped together for approval and quality confor
tion.

RCE: IEC 60115-1: 2008, 2.2.25, modified — The remark on "single detail specificg
een deleted frood the definition and Note 1 to entry and Note 2 to entry have been ad

vision 'of a type, generally based on dimensional factors that-may can include s¢
hts{-generally of a mechanical order

wing

uring
Lality

ed as
nance

ition"
ded.]

veral

[SOURCE: IEC 60115-1:2008, 2.2.20]

3.3

varistor
voltage dependent resistor

VDR

component, whose conductance, at a given temperature range, increases rapidly with voltage
within a given current range

Note 1 to entry: This note applies to the French language only.

Note 2 to entry: Varistor is graphically symbolized as Z.

Note 3 to entry: This property is expressed by either of the following formulae:
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U= CIB (1)
or

1= AUY (2)

where

| is the current flowing through the varistor;
U is the voltage applied across the varistor;
B is the non-linearity current index (see 3.4);

vy isthe non-linearity voltage index (see 3.5);

A and|C are constants.
3.4
ﬁ . . .
non- mearlty current index
starting from Formula (1) of 3.3, it is defined by the formula
I du
B = —X— (3)
U |

Note 1 to entry: For the convenience of calculation, the following formula may be used:

_logo(Uy/Uy) (4)

l0g10(11/12)
B is aljvays less than 1.
3.5
’Y . . .
non-linearity voltage index
)
~ g (l14/13)
€6}
lg(Ua/U3)

recipfocal-0f non-linearity current index
Note 1igeentry: vy is nlwnyc greater than 1

Note 2 to entry: In varistor industry and literature, the non-linearity voltage index is usually denoted by a rather than
Y-

3.6
leaded varistors
varistors connected to electric circuits via lead wire, or conductive plate, or screw terminations

3.7

surface mount varistors

SMV

leadless varistors mounted on electric circuits by use of surface mount technology
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3.8

Urms _

maximum continuous AC voltage

maximum AC RMS voltage of a substantially sinusoidal waveform (less than 5 % total harmonic
distortion) which can be applled to the component under contlnuous operat|ng condltlons at

Note 1 to entry: Full information on derating requirements above 25 °C shall be given in the detail specification.

Note 2 to entry: Normally this voltage value shall be 1,1 times the supply voltage.

Note 3 to entry: Normally the peak value of this voltage shall be equal to or less than the lower limit of\varistor
voltagp tolerance.

3.9

Upch .
maximum continuous DC voltage
maximum DC voltage (with less than 5 % ripple) that can be applied to the, component ¢inder
contnuous operatmg cond|t|ons at an amb|ent temperature of 25°C. —At—temperatures—greater
than|

Note 1 to entry: Full information on derating requirements above 25 °C shall € given in the detail specificatidn.

=]

Note 3 to entry: The power loss of varistor at maximum continuous DC voltage shall be approximately the same as
that af maximum continuous AC voltage, hence the value of maximum cotitinuous DC voltage is about 1,3 times the
maxinjum continuous AC voltage.

3.10
Us

supply voltage
voltape by which the system is designated and4o which certain operating characteristics ¢f the
systgm are referred

3.11
Uy

nominal varistor voltage
voltape, at specified DC current’'(also named as DC reference current), used as a refeflence
point|in the component characteristic

Note 1 to entry: Unless ofhgrwise specified, the DC reference current is DC 1 mA.

3.12
limiting voltagexhder-pulseconditions
peak|value of the voltage, which appears at the terminations of the varistor, when a spe¢ified
current pulseris applied to it

Note 1 to.'entry: Unless otherwise specified, the voltage peak at the initial instant of the pulse current shall be
excluded from the limiting voltage. That voltage peak results from time lag of the resistive current of the varistor due
to the charging of the varistor’s capacitance.

3.13

UcLp
clamping voltage

peak limiting voltage-developed-across-thevaristor-terminations under standard atmospheric
conditions, when passing an 8/20 class current pulse{see-1.5-15}

SEE: Annex B.
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3.14

electrostatic discharge

ESD

<for surface mount electrostatic protective varistors>transfer of electric charge between bodies
of different electrostatic potential in proximity or through direct contact

Note 1 to entry: There are two test methods for electrostatic discharge test:

e Contact discharge method: a method of testing in which the electrode of the ESD pulse generator is held in
contact with the SMV, and the discharge is actuated by the discharge switch within the generator.

e Airdischarge method: a method of testing in which the electrode of the ESD pulse generator is brought close to
the SMV, and the discharge is actuated by a spark to the SMV.

[SOYRCE: IEC 60050-161, 161-01-22, modified — Note 1 to entry has been added.]

3.15
ESD|clamping voltage
<for |surface mount electrostatic varistors> peak voltage developed across the vafistor
terminations measured at 30 ns after initiation of pulse of 30 A/8 kV defined in Table 3 and
Figure 2 of IEC 61000-4-2:2008

SEE]Annex B

3.16
Uisol .
isolation voltage
<insylated varistors> maximum peak voltage that-fay can be applied under continuous
operating conditions between the varistor terminations and any conducting mounting surface

3.17
I

leakage current
current passing through the varistor at.the maximum DC voltage and at a temperature of 25 °C
or at pny other specified temperature

3.18
IPm .
maxifnum peak current
maxifnum current per pulse that-may can be passed by a varistor at an ambient temperatyre of
25 °q, for a given number of pulses

3.19
T

equiyalent+ectangular pulse duration
normplizédunidirectional pulse duration that is equal to the ratio of area of the pulse wave tlo the

pulsq péak

3.20

maximum peak current derating characteristic

characteristic curve or mathematical formula expressing maximum peak current lp,, derating
with increasing equivalent rectangular pulse duration t and repetitive pulse number n that can be
applied to the varistor at ambient temperature 25 °C

3.21

lcLs

class current

peak value of current, which is 1/10 of the maximum peak current for 100 pulses-attwo-per
minute for the 8/20 current pulse with a time interval of 30 s

SEE: Annex B
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3.22
pulse or impulse
unidirectional wave of voltage or current without appreciable oscillations

SEE: Annex B

Note 1 to entry: In IEC 60060-2, the word "impulse" is used; however, for this specification, only the word "pulse" is
used.

3.23

Py

rated_average dissipation power
maxifnum average dissipation power of repetitive pulses allowed to be applied to the varistors
at anpbient temperature of 25 °C

2247
pulse-currents
uefeoce ol onlec cvronio oo neods

[Ty

cyrrent

50

10

0 -
()
L Time (linear

- T
N I
TT

scale)

IEC 425/07
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A
% peak
current
100 A
90
10
Q \ £ S
o~ T \/ . . A
—s— Possible polarity
- T reversal \%
) . IEC 426/ Cb
Tp Virtual duration of peak current 9\

Tt Virtual total duration | Q
X
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3.24

Em

rated energy

maximum pulse energy that the varistor is able to withstand one time when it is exposed to
10/1 000 current pulse or 2 ms rectangular wave pulse, at an ambient temperature of 25 °C

SEE: Annex B

3.25

abnormal overvoltage withstanding duration
time during which the varistor can withstand an abnormal overvoltage across it without
irrevgrsiotebreakdown

3.26
category temperature range
range of ambient temperatures defined by the temperature limits of its apprepriate clijnatic
category for which the varistor is designed to operate continuously

3.27
uppdr category temperature
maximum ambient temperature for which a varistor has been designed to operate continudusly:

[SOURCE: IEC 60115-1: 2008, 2.2.26, modified ~"Resistor" in the definition has been replaced
by "yaristor”, "at that portion of the rated(Cdissipation which is indicated in the catggory
dissipation" has been deleted from the definition, and the notes to entry have been deletgd.]

3.28
lowef category temperature
minimum ambient temperature at'which a varistor has been designed to operate continuopsly

[SOURCE: IEC 60115-1:20Q08, 2.2.12, modified — "Resistor" in the definition has been replaced
by "vgristor”, and the Nate'to entry has been deleted.]

3.29
temperature dérating curve
graplh showjg)the parameters’ derating of varistors with ambient temperature increasing

Note 1 to”entry: The parameters include, but are not limited to, maximum continuous AC and/or DC voltage| rated
averagendissipation power. Their derating curves are usually given in the detail specification.

3.30

thermal resistance

ratio between the temperature rise of the element of the varistor above the ambient temperature
and the applied power

3.31

combination pulse
pulse with voltage waveform of 1,2/50-(F:/F2) and current waveform of 8/20-(F+/F2}, which is
expressed by “peak voltage/peak current”
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SEE:

Annex B

4 Technical data

4.1

Units, symbols and terminology

Units, graphical symbols, letter symbols and terminology shall, whenever possible, be taken
from the following publications:

e the |IEC 60027 series;

e th
H

[«

J

Whe
docu

4.2

Each
cove

4.3
4.3.1]

The
impo

e |[EC 60050 series;
FC 60617,
O-1000 80000-1.

n further items are required, they shall be derived in accordance with the| principles g
Mments listed above.

Preferred values and characteristics

sectional specification shall prescribe the preferred valueS appropriate to the subfg
ed by that sectional specification.

Marking
General

nformation given in the marking is normally-selected from the following list; the re
rtance of each item being indicated by its.\position in the list:

a)

b) dpte of manufacture;
c) number of the detail specification and style reference;

d)
The

is practicable. Any duplieation of information in the marking on the varistor-shewld shg

avoid

In th
requi

The

aximum continuous AC voltage or neminal varistor voltage;

anufacturer's name or trade mark.

ed.

b case oflextremely small components, the sectional specification shall prescribg
Fements,

f the

mily,

ative

aristor shall be clearly.marked with a) above and with as many of the remaining itenms as

Il be

e the

baCkage containing the varistor(s) shall be clearly marked with all the information listed
above-

Any additional marking shall be so applied that no confusion can arise.

4.3.2

Coding

When coding is used, the method shall be preferably selected from those given in IEC 60062.
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5 Quality assessment procedures

5.1 General
5.1.1 Overview
When this specification and any related specifications are being used for the purpose of a full

guality assessment system-—such—as—the 1EC Quality -Assessment-System—for—Electronic
Compo CO)—with , the

omponen Qualification—Approval-and Quality Conformancelnspection
;

When such specifications are used outside such quality assessment systems-asithe |ECQ
systdm for purposes such as design proving or type testing, the procedures and @equirements
of 5.5.1 and 5.5.3 may be used, but the tests and parts of tests shall be apptied in the prder
giver] in the test schedules.

Befofe varistors can be qualified according to the procedures of{this specification| the
manyfacturer shall obtain the approval of his organization in accordaRoe with the provisigns of
the specified quality assessment system (if any).

The methods that are available for the approval of varistors ot’&ssessed quality and which are
covefed by the following subclauses, are:

— gpalification approval (see 5.5);

(<)

hpability approval (see 5.6);

—

gchnology approval (see 5.12).

For g given subfamily of varistors, separatevsectional specifications for qualification approval
and dapability approval are necessary anghCapability approval is therefore available only when a
relevpnt sectional specification has beer published.

5.1.2 Applicability of qualifigation approval

Quallfication approval is apprdpriate for a standard range of varistors manufactured to sijmilar
strucfure/design and production processes and conforming to a published detail specificafion.

The [test schedule (defined in the detail specification for the appropriate assessment and
perfdrmance levelS\applies directly to the varistor range to be qualified, as prescribed in 5.4 and
the re¢levant sectional specification.

5.1.3] , Applicability of capability approval

Cap biifv annroval is annrgnriate whon varistors hased on common-designrules are fabridated
DA o o PP or )

by a group of common processes. It is particularly appropriate when components are
manufactured to a user's specific requirements.

Under capability approval, detail specifications fall into the following three categories:
a) Capability qualifying components (CQCs)

A detail specification shall be prepared for each CQC. It shall identify the purpose of the CQC
and include all relevant test severities and limits.

b) Standard catalogue components

When the manufacturer requires a component approved under the capability approval
procedure, a capability approval detail specification complying with the blank detalil
specification (if any) shall be written.
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c) Customer specific components

The content of the detail specification (often known as a customer detail specification [CDS])
shall be by agreement according to the specified quality assessment system (if any).

Further information on these detail specifications is given in the relevant sectional
specification.

Approval is given to a manufacturing facility on the basis of validated design rules, processes
and quality control procedures and the results of tests on capability qualifying components,
including any process validation test vehicles. See 5.4 and the relevant sectional specification
for fyrther information.

5.1.4 Applicability of technology approval

Techpology approval is appropriate when the complete technological process.(deSign, prqcess
realigation, product manufacture, test and shipment) covers the qualificatign aspects conpmon
to alllvaristors determined by the technology.

5.2 | Primary stage of manufacture

Foraristor-specifications; The primary stage of manufacture-issthe-mixing-of-ingredients|shall

be specified in the sectional specification.

5.3 | Subcontracting

If sulcontracting of the primary stage of manufactureSand/or subsequent stages is employed, it
shalllbe in accordance with the specified quality.assessment system (if any).

The $ectional specification may

|
—h

qrbid this subcontracting on technieal grounds, or

— where it is considered necessary, include any special requirements, for examplg for
becified successive stages t@_be performed by the same manufacturer, or

(%]

ermit the subcontracting-tihreservedly.

I
o

5.4 | Structurally simjilar components

Varij:ors within the(scope of this specification may be grouped as structurally similar fgr the
purpdse of forming.inspection lots provided that the following requirements are met.

a) They shall'he produced by one manufacturer on one site using essentially the same design,
materialsy processes and methods;

b) Fprlelectrical tests, devices having the same electrical characteristics may be grojuped
p'n\/idpd that the element dpmrmining the characteristics is similar for all the devices

concerned;

c) For environmental tests, devices having the same encapsulation, basic internal structure
and finishing processes may be grouped;

d) For visual inspection (except marking) devices may be grouped if they have been made on
the same production line, have the same dimensions encapsulation and external finish;

The grouping may also be used for robustness of terminations and soldering tests where it
is convenient to group devices with different internal structures (see item c above);

e) For endurance tests, devices may be grouped if they have been made with the same
production process in the same location using the same design and differing only in
electrical characteristics. If it can be shown that one type from the group is more heavily
stressed than the others, then tests on this type may be accepted for the remaining
members of the group.
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5.5 Qualification approval procedures

5.5.1 Eligibility for qualification approval

The llnanufacturer shall comply with the specified quality assessment system (if any).

5.5.2 Application for qualification approval

The manufacturer shall comply with the specified quality assessment system' (if any).

5.5.3 Test procedure for qualification approval
One pf the following two procedures shall be used.

a) Tlhe manufacturer shall produce test evidence of cdnfermance to the specifidation
réquirements on three inspection lots for lot-by-lot inspection taken in as short a time as
pssible and one lot for periodic inspection. No majoychanges in the manufacturing prqcess
hall be made in the period during which the inspection lots are taken.

P
S
Samples shall be taken from the lots in accordance with—}EC-60410(see-Anngx—B)
i

FC 61193-2. Normal inspection shall be used, but when the sample size would| give
apceptance on zero non- conformances, additional specimens shall be taken to meqt the
sample size required to give acceptance.on one non-conforming item.
T

b) The manufacturer shall produce test-evidence to show conformance to the specifidation

réquirements on the fixed sample size test schedule given in the sectional specification.
The specimens taken to formithe sample shall be selected at random from cyrrent
" . -

rfoduction or as agreed-with-the-National-Supervising-lnspectorate.

Ouallification Annroval obtainaed as nart of 3 Ouality Assaessmeaent Svstam cshall ha maintaineéd by
HaHHeatHoH ppFroVai-obtatheaasSpat ot a Guatity-ASSesShetoystem-shahBeaitaiiiea oy
raagullar demonstration - ofecomnliance with the reauireamaeants for Oualitvy Conformance (seel3 5)
egth cgemoehstattioR—oteemprHance-WhntefegurememStHo QHaty- coRtorHahRce(Seeoo)-
Otheltwice thic aualifieation annroval shall ha varifiaed by the rules for tha maintanante of
cthewises—tHS—guaHdeation—approva——sShah—bevyerHeaBythetrtHestor—theathteRahnge o4

i i a an | ha R a a O A a eim fo

For the two\procedures, the sample sizes and the number of permissible non-conformgnces
shall|be of sOmparable order. The test conditions and requirements shall be the same.

N P e £ | I s 1
5.5.4 Gramtmg ot guantcattom approval

Qualification approval shall be granted when the procedures in accordance with the specified
guality assessment system (if any) have been completed satisfactorily.

5.5.5 Maintenance of qualification approval

Qualification approval shall be maintained by regular demonstration of compliance with the
requirements for quality conformance inspection (see 5.5.6).

5.5.6 Quality conformance inspection

The blank detail specification(s) associated with a sectional specification shall prescribe the
test schedule for quality conformance inspection.
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This schedule shall also specify the grouping, sampling and periodicity for the lot-by-lot and
periodic inspection.

Sampling plans and inspection levels—and—AQLs shall be selected from those given in
IEC 60410 |IEC 61193-2. If required, more than one test schedule may be specified.

5.6  Capability approval procedures
5.6.1 General

Capability approval covers:

— the complete design, material preparation and manufacturing techniques, including-egntrol
pfocedures and tests;

— the performance limits claimed for the processes and products, that is, thosetSpecifigd for
tie capability qualifying components (CQCs) and process control parametérs (PCPs);

— the range of mechanical structures for which approval is granted.

For g general overview of capability approval, see Figure 1.

Component range

\

Select PCPs Select CQCs
(5.6.10.3) (5.6.5.1)
| ]
Prepare control plan Prepare CQC detail
(5.6.10.4) specification
(5.6.5.1)
I
Commence process Prepare CQC test program
control (5.6.6)
INITIAL
CAPABILITY APPROVAL
(5.6.10)
Process control Lot-by-lot test

Verification of
limits
(5.6.10.4)

IEC

Frgure I=CGeneratschreme for capabitity approvat

5.6.2 Eligibility for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any).

5.6.3 Application for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any), and with the requirements of the relevant sectional specification.
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Description of capability

2018

The capability shall be described in a capability manual in accordance with the specified quality
assessment system (if any), and the requirements of the relevant sectional specification. The
manual shall include or make reference to the following as a minimum:

- a

general introduction and description of the technologies involved;

— aspects of customer liaison including provisions of design rules (if appropriate) and
assistance to customers in the formulation of their requirements;

— a detailed description of the design rules to be used;

- tl’c '.IIU\.:CC!IUIC fUI \ahC\alr\IIIU that thC dCQ;UII IU:CO arc \.’UIII}J:;Cd V\I;th I‘UI thC T :
cpmponent technology manufactured to a detail specification; &

— allist of all materials used, with reference to the corresponding purchasing sp@v\ﬁca
ahd specifications for the inspection of inward goods;

— a|flow chart for the total process, showing quality control points and permkﬁl;% rework |
ahd containing references to all process and quality control proceduresh\

— a|declaration of processes for which approval has been sought 4 Sccordance wit
r¢quirements of the relevant sectional specification; Q

— a| declaration of limits for which approval has been soug% in accordance with
réquirements of the relevant sectional specification;

— allist of CQCs used to assess the capability, with a gener &scription of each, support
a| detailed table showing where the declared limits o(%apability are demonstrated
pprticular CQC design; Q<<

— a|detail specification for each CQC; Q

— a|detailed control plan including PCPs used ntroI processes, with a general descri
of each PCP and showing the relation bet\f@ a given PCP and the related properties
pgrformance of the finished component\

— gpidance on the application of str al similarity in sampling for quality conform
tgsting. Q\

5.6.5 Demonstration and ve{ﬁ\eatmn of capability

\éb

5.6.5.1 General Q

The manufacturer shall jonstrate and verify the capability in accordance with the spe

quali

with

5.6.5

y assessmeneéf@ (if any), and the requirements of the relevant sectional specific
he details g|v 5.6.5.2.

.2 C@gs"for demonstrating capability

The man@ﬁturer shall agree with the certification body on the process qualifying param

and

pvant
tions
hops,
h the

the
bd by
by a
ption
5 and

ance

cified
ation

eters
b the

ange of capablllty qualifying components that are necessary to demonstrat¢
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The demonstration shall be made by testing the agreed range of CQCs, which shall be
designed, manufactured and the process parameters controlled in accordance with the
capability manual. The CQCs shall comply with the following requirements:

a) the range of CQCs used shall represent all the limits of the declared capability. The CQCs
shall be chosen to demonstrate mutually attainable combinations of limits;

b) the CQCs shall be one of the following:
components specially designed to demonstrate a combination of limits of capability, or

components of designs used in general production, or
a combination of both of these, provided the requirements of a) are met.
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When CQCs are designed and produced solely for capability approval, the manufacturer shall
use the same design rules, materials and manufacturing processes as those applied to
released products.

A detail specification shall be prepared for each CQC and shall have a specific front page
format. The detail specification shall identify the purpose of the CQC and shall include all
relevant stress levels and test limits. It may refer to internal control documentation which
specifies production testing and recording in order to demonstrate control and maintenance of
processes and limits of capability.

5.6.5.3 Limits of capability

The limits of capability shall be described in the sectional specification. QB’
5.6.6 Programme for capability approval '\Cb

In agcordance with the specified quality assessment system (if any), the ﬁ%ufacturer shall
prepare a programme for the assessment of the declared capability. This programme shall be
so dgsigned that each declared limit of capability is verified by an app&@ iate CQC.

N
The programme shall include the following: C)%

— albar chart or other means of showing the proposed tim e for the approval exercige;

o

btails of all the CQCs to be used with references to,th@ir detail specifications;
%Ch CQC;
gference to the control plans to be used for prQ(: ss control.

. QO
5.6.7 Capability approval test report <

N

In accordance with the specified quality ’é’ssment system (if any), a capability approval test
repolt shall be issued. The report s meet the specific requirements for the capgbility
appr¢val test report and shall contai&ﬁ)n following information:

— a|chart showing the features to be demonstrated

-

— the issue number and date ofithe capability manual;
— the programme for capa@ approval in accordance with 5.6.5;
— all the test results obtained during the performance of the programme;

—

he test methods ;

— rgports on ac&&taken in the event of failure (see 5.6.10.2).

The [eport s@‘be signed by the designated management representative (DMR) as @ true
statement e results obtained and submitted to the body, designated in the national qules,
whiclp ié(/(éj onsible for the granting of capability approval.

5.6.8 Abstract of description of capability

The abstract is intended for formal publication after capability approval has been granted.

The abstract shall include a concise description of the manufacturer's capability and give
sufficient information on the technology, methods of construction and range of products for
which the manufacturer has been approved.

5.6.9 Modifications likely to affect the capability approval

Any modifications likely to affect the capability approval shall satisfy the requirements of the
specified quality assessment system (if any).
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5.6.10 Initial capability approval
5.6.10.1 General
The approval is granted when

— the selected range of CQCs has collectively satisfied the assessment requirements of the
CQC detail specifications, with no nonconforming item allowed,;

— the control plan has been fully implemented in the process control system.

5.6.10.2 Procedure in the event of failure

See the specified quality assessment system (if any), with the following details. Q

Q\/
In the event of the failure of the specimens to meet the test requirements, thm ufadturer
shall|state his/her intention to follow one of the actions described in a) and b) :

a) tI modify the proposed scope of the capability; r\q’
b) t¢ conduct an investigation to establish the cause of failure as beir@b'éi’ther

—| failure of the test itself, for example, test equipment failure ot\%erator error, or
—| design or process failure. C)

If thel cause of failure is established as a failure of the test itSelf, then either the specimern that
apparently failed or a new one, if appropriate, shall be rettirvhed to the test schedule aftdr the
necepsary corrective action has been taken. If a n%g(specimen is to be used, it shdll be
subjgcted to all the tests in the given sequence e test schedule(s) appropriate tp the

appafently failed specimen. N\
S

If thel cause of failure is established as a design or process failure, a test programme shall be
carri¢d out to demonstrate that the cause ilure has been eradicated and that all corrgctive
meagures, including documentation, hg@een carried out. When this has been accomplighed,
the te¢st sequences in which the failurQ s occurred shall be repeated in full using new CRQCs.

O
Afterjthe action is complete the manufacturer shall send a report and shall include a copy in the
capapility approval test reporin(s€e 5.6.6).

.

5.6.10.3 General pla@of the selection of PCPs and CQCs

Each manufacturer@] [l prepare a process flow chart, based on the example given in the
relevant sectio pecification. For all the process steps included in this flow chart the
manufacturer include the corresponding process controls.

Contfols | be denoted by the manufacturer as shown in the example in the relg¢vant
sectip pecification.

5.6.10.4 Process control test plans

The test plans shall form part of the process control system used by the manufacturer. When
statistical process control (SPC) is used, implementation shall be in accordance with SPC
basic requirements. The SPC plans represent mandatory controls at process nodes.

For each process step where production equipment is employed, the manufacturer shall
monitor the process parameters at regular intervals and compare the readings to the control
and action limits which it will establish.

5.6.10.5 Test plans for CQCs demonstrating limits of capability

Test plans for CQCs for the demonstration of limits of capability shall be prescribed in the
relevant sectional specification.
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5.6.11 Granting of capability approval

Capability approval shall be granted when the procedures in accordance with the specified
guality assessment system (if any), have been completed satisfactorily and the requirements of
the relevant sectional specification have been met.

5.6.12 Maintenance of capability approval

Capability approval shall be maintained by complying with the requirements of the specified
quality assessment system (if any), and with the requirements declared in the capability
manual following the schedule of maintenance given in the relevant sectional specification.

Additionally, the following details apply. Q§
©

he programme for the retesting of CQCs shall be defined by the rﬁ?}facturer For
process control, the manufacturer shall establish a control system. An ?{? ple of a cqgntrol
programme chart may be given in the sectional specification. Fop Verifying limits of
cppability, the manufacturer shall ensure that all the test plans of 5@ 0.5 that are relg¢vant
t¢ his capability approval are repeated at least every two years. N

a)
b)

apability approval remains valid without retesting for two years.

uality conformance inspection of components for deliver r?@y be used to suppoit the
aintenance of capability approval where relevant. In pgl/ lar, where the manufadturer
hplds qualification approval for a range of components are manufactured by the same
processes and that also fall within the limits ofg@ ity for which he holds capdgbility

c)

proval, process control test results and periodic.Qdality conformance test results afising
flom the qualification approval may be used Q pport the maintenance of capdbility

proval. \\

Tlhe manufacturer shall ensure that the range of CQCs remains representative of the
products released and in accordance(@nh the requirements of the detail sectfional
specification.

T

he manufacturer shall maintain pr@uction, so that

—| the processes specified i e capability manual, with the exception of any agreed
additions or deletions follqiv g the procedure of 5.6.9, remain unchanged,

—-| no change has occurrediin the place of manufacture and final test,

—| no break exceeding six months has occurred in the manufacturer’s production under
capability approval:

he manufactur lel maintain a record of the progress of the maintenance of capdbility
Fogramme sontliat, at any time, the limits of capability that have been verified and ghose
hich are Q‘ ing verification in the specified period can be established.

_|

f)

=0

5.6.18 E sion of capability approval

The

facturer may extend the limits of his capability approval by carrying out the test plan
from 5-6-16-5,wim T ; ' efers
to a different type of limit from those described in 5.6.10.5, the manufacturer shall propose the
sampling and tests to be used and these shall be approved. The manufacturer shall also
establish process control over any new processes needed for manufacture to the new limits.

An application for an extension of capability shall be made in the same way as for the original
approval.

5.6.14 Quality conformance inspection

The quality conformance test requirements are given in the detail specification and shall be
carried out in accordance with the specified quality assessment system (if any).
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5.7 Rework and repair
5.7.1 Rework

Rework as defined in the specified quality assessment system (if any) shall not be carried out if
prohibited by the relevant sectional specification. The relevant sectional specification shall
state if there is a restriction on the number of occasions that rework may take place on a
specific component.

All rework shall be carried out prior to the formation of the inspection lot offered for inspection
in accordance with the requirements of the detail specification.

Such|rework procedures shall be fully described in the relevant documentation producet-ly the
manyfacturer and shall be carried out under the direct control of the DMR. Rework siAall npt be
subcpntracted.

5.7.2 Repair

Components that have been repaired as defined in the specified quality-assessment syst¢m (if
any) ghall not be released.

5.8 | Release for delivery
5.8.1 General
Components shall be released for delivery according* to 5.5.6 and the specified qtality

assepsment system (if any) after the quality confofimance inspection prescribed in the detail
specffication has been carried out.

5.8.2 Certified records of released lots

When certified test records of released>lots are prescribed in the relevant specification and
are requested by a purchaser, the follewing information shall be given as a minimum.

nformation on attributes «(i.e. number of components tested and numbers of
bnconforming components) for tests in the subgroups covered by periodic inspgction
ithout reference to the parameter for which rejection was made.

|
= =5

nformation on variables for the change in voltage or in current after the endurancg test
specified in the sectional specification.

NOTE| For capabilityhapproval, the certified test records refer only to tests carried out on capability-qudlifying
compgnents.

5.8.3 Delayed delivery

Varis
specHi ;
exam|nat|0n solderab|l|tyam:} varlstor voItagea{—a and Ieakage currentef—l—mA as specmed in
Group A or B inspection of the detail specification.

As the effect of change in varistor voltage or leakage current is dependent on the kind of
varistor, its value and initial tolerance, the procedure adopted by the manufacturer's—Chief
lnspecter DMR to ensure that the varistor voltage-reguirementata and/or leakage current-efL

mA-is-fulfiled; requirement shall be approved-by-the-National- Supervising-thspectorate.

The re-examination procedure adopted by the manufacturer's DMR shall be approved.

Once a lot has been satisfactorily re-inspected, its quality is re-assured for the specified period.
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5.8.4 Release for delivery before the completion of Group B tests

When the conditions of tEC-60410 |[EC 61193-2 for changing to reduced inspection have been
satisfied for all Group B tests, the manufacturer is permitted to release components before the
completion of such tests.

5.9 Alternative test methods

The test and measurement methods given in the relevant specification are not necessarily the

only methods that can be used. However,—the—manufacturer—shallsatisfythe National
S&pewasmg—Lnspeete#a%e—tha{ any alternative methods that—he—may—use—w# the manufacturer

uses Dllall yIVC ICDUILD Cl.,{uIVQICIII. I.U I.IIUDC UULGIIICU U_y I.IIC IIICLIIUUD DIJCL,IIICU.

In cgse of dispute, for referee and reference purposes, only the specified methods-shall be
used

5.10| Unchecked parameters

Only[those parameters of a component that have been specified in a detail specification,| and
whicl were subject to testing, can be assumed to be within the specified limits.

lt-shgutd-rot cannot be assumed that any parameter not specjfied will remain unchanged|from
one gomponent to another.—Should If it is necessary, for a@ny/reason-it-be-necessary-fhr{a)
furthrparameter(s), to-be-coentrelled control one or more~additional parameters, then a [new,
more| extensive, specification-sheuld shall be used.

The fadditional test method(s) shall be fully described and appropriate limits, AQLs| and
inspgction levels specified.

5.11| Characteristics and parameters farapplication reference

The fnanufacturers of the varistors shalprovide users with the characteristics and paramgters
for application reference that are_peeded by users, but shall not be necessarily requirpd in
inspqction procedures, such as veltage vs. current characteristic, maximum peak cyrrent
deraﬂing characteristic, thermal yesistance and abnormal overvoltage withstanding duration.
The fest/measurement meth@ds for these characteristics and parameters are recommendied in
Anngx C.

5.12| Technology approval procedures
5.12J1 Genepal

Techpology approval of components covers the complete technological process. It extends the
exist|ng,concepts — qualification and capability approval — by adding as mandatory:

a) theuseeoHnprecesseontrebmethedsHorexample SRS
b) continuous quality improvement strategy;
c) monitoring the overall technologies and operations;

d) procedural flexibility due to the quality assurance management system and market sector
requirements;

e) the acceptance of a manufacturer's operational documentation to provide means for rapid
approval or extension of approval.

5.12.2 Eligibility for technology approval

The manufacturer shall comply with the specified quality assessment system (if any).
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5.12.3 Application of technology approval

The manufacturer shall comply with the specified quality assessment system (if any).

5.12.4 Description of technology

The technology shall be described in a technology approval declaration document (TADD) and
a technology approval schedule (TAS) in accordance with the specified quality assessment
system (if any).

5.12.5 Demonstration and verification of the technology

The rlnanufacturer shall demonstrate and verify the technology in accordance with the_spe¢ified
guality assessment system (if any).

5.12)6 Granting of technology approval

Techpology approval shall be granted when the procedures in accordanceswith the spegified
gualify assessment system (if any) have been completely satisfied.

5.127 Maintenance of technology approval

Techpology approval shall be maintained by complying with {h®& requirements of the spegified
guality assessment system (if any).

5.128 Quality conformance inspection

The puality conformance test and requirements_shall be carried out in accordance with the
detai] specification and technology approval schedules.

5.129 Failure rate level determination

The |determination of failure rate lewel and certification shall be described in the dgetail
specfification.

5.12[10 Outgoing quality level

The glefinition shall be agreed between the customer and the manufacturer.

6 Test and megasurement procedures

6.1 General

The sectional and/or blank detail specifications shall contain tables showing the tests tp be
madd,_which measurements are to he made hefore and after each test or Qllhgrnlllh of fests,
and the sequence in which they shall be carried out. The stages of each test shall be carried
out in the order written. The measuring conditions shall be the same for initial and final
measurements.

If national specifications within any quality assessment system include methods other than
those specified in the above documents, they shall be fully described.

The issue and amendment status of any IEC 60068 test in this Clause is given in Clause 2.
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6.2
6.2.1

Standard atmospheric conditions

Standard atmospheric conditions for testing

Unless otherwise specified, all tests and measurements shall be made under standard

atmo

spheric conditions for testing as given in 4.3 of IEC 60068-1:2013:

Temperature: 15°Cto 35 °C
Relative humidity: 25% to 75 %
Air pressure: 86 kPa to 106 kPa

Befo
for a

is prgscribed for recovery at the end of a test is normally sufficient for this purpose.

Whe
resul
temp

dispyte, the measurements shall be repeated using one of the referee{temperatures (as
in 6.4.3) and such other conditions as are prescribed in this specification.

Whe

the initial measurements for the-succeeding next test.

NoTFE| During measurements, the varistor-sheuld shall-not be exposed to draughts, direc

rays

6.2.2

Unle
cond
cond

6.2.3

For r
4.2 0

e the measurements are made, the varistor shall be stored at the measuring temper
time sufficient to allow the entire varistor to reach this temperature. The same peériq

h measurements are made at a temperature other than the specified -femperature
Is shall, when necessary, be corrected to the specified temperature. The am
prature during the measurements shall be stated in the test report.”In the event

) tests are conducted in a sequence, the final measurements’ of one test may be takg

pr other influences likely to cause error.

Recovery conditions
5s  otherwise specified, recovery shall take place under the standard atmosp

tions for testing (see 6.2.1). If recovery has to be made under closely conti
tions, the controlled recovery conditions of 4.4.1 of IEC 60068-1:2013 shall be used.

Referee conditions

pferee purposes one of the standard atmospheric conditions for referee tests taken
if IEC 60068-1:20134.as given in Table 1, shall be chosen.

Table 1 — Standard atmospheric conditions

hture
d as

, the
bient
of a
Jiven

tNn as

t sun

heric
olled

from

Temperature Relative humidity Air pressure
°C % kPa
20+ 1 63 to 67 86 to 106
23 + 1 48 tg 52 86 to 106
251 48 to 52 86 to 106
271 63 to 67 86 to 106

6.2.4 Reference conditions

For reference purposes, the standard atmospheric conditions for reference given in 4.1 of
IEC 60068-1:2013 apply:

Temperature: 20 °C
Air pressure: 101,3 kPa
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Drying and recovery

General

Where drying is called for in the specification, the varistor shall be conditioned before
measurement is made, using procedure | or procedure Il as called for in the detail specification.

6.3.2 Procedure |

For 24 h £ 4 h in an oven at a temperature of 55 °C £ 2 °C and relative humidity not exceeding
20 %.

6.3.3 Procedure Il

For 96 h £ 4 h in an oven at 100 °C + 5 °C.

The Yaristor shall then be allowed to cool in a desiccator using a suitable desiccant, su¢h as
activated alumina or silica gel, and shall be kept therein from the time of removal from the|oven
to thg beginning of the specified tests.

6.4 | Visual examination and check of dimensions

6.4.1 Visual examination

The ¢ondition, workmanship and finish shall be satisfactory-as checked by visual examination.
6.4.2 Marking

Markjng shall be legible, as checked by visual examination. It shall conform to the requirements
of the detail specification.

6.4.3 Dimensions (gauging)

The Himensions indicated in the detail specification as being suitable for gauging shall be
checked, and shall comply with thie values prescribed in the detail specification.

When applicable, measurements shall be made in accordance with IEC 60294 or IEC 60717.
6.4.4 Dimensions\(detail)

All dimensions prescribed in the detail specification shall be checked and they shall cgmply
with the values rescribed.

45 laminal varistor voltage or leakaoce current (not-annlicable tonilse measurem tc)
4.5 1 Nominalvaristorveltage orleakage current{not-applicable to-pulse-measuremefpts)
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6.5

The test and measurement shall be made with the varistors being mounted in ways as they are

in normal use, and being fixed in uncontaminated corrosion-resistant clamps to achieve good

conductive connections.

Sample size and sampling method shall be in accordance with the requirement specified in the

sectional or detail specification.

Unless otherwise specified, measurement shall be made in two directions. The rates of change

in parameters in both directions after the test from the initially measured values shall be within

the limits prescribed in in the sectional or detail specification.
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NOTE For varistors used in DC circuits, measurement of parameters and examination of the change of parameters
can be made in the one direction as specified in the detailed specification on condition that there exists a definite
relationship between the direction of the test pulse and the direction of the continuous DC voltage.

Unless otherwise specified, the accuracy of the measuring equipment shall be such that the
error does not exceed 10 % of the tolerance.

Pulse tests shall be made with the pulse waveform parameters complying with the limits
prescribed in Annex B of this specification.

Many of the pulse tests in this specification involve high voltage and high current, which are

inherenthrhazardous-The safeqguard for testing-pnersonnel and property are essential _such as:
P4 ) I g P P4 T .

Dt to expose personnel with electrical prosthetic devices, including implanted p akers,
q the immediate environment of a pulse test;
O

— varistors under test shall be enclosed in a closed test cell during pulse ,Qg]z‘narge.

|
= >

|
3

aintain good and safe protection grounding to the pulse test system;

4
In orfer to achieve correct measurements under pulse conditions, tI'@J'\)IIowing precautions
shall|be taken: ,\Q

a) the pulse current and voltage shall be measured by a devic@h t has passed the appfroval
procedure described in IEC 60060-2;

b) "four-termination-connection" (Kelvin connection) shc@d be used to make connedtions
between varistor under test, pulse generator, and mQ’:\suring devices, so that the influence
of the impedance of connecting wires and co resistance are avoided as mugh as
ppssible;

c) the pulse current may induce appreciable \ﬁqhage in the pulse measuring circuit, cayising
s|gnificant errors. In order to diminish the egrors, the pulse voltage divider and pulse cyrrent
monitor shall be placed in a proper posm’&and direction, which are found by trial and ¢rror.

As alcheck, it is therefore recommend hat the lead that normally joins the voltage divider to
the live end of the test object be disconnected from this point and connected instead tp the
earthled end of the test object, maintaining approximately the same loop. The voftage
meagured under this conditio@when the generator is discharged, shall be negligijle in
comparison with the voltage ss the test object, at least during the part of the pulse that is of
impoftance for evaluati&th‘ est results.

6.6 | Varistor voIt@

A copstant-curr, power supply of specified DC current (normally 1 mA) with a regulation
accufacy of s than = 10 %, shall be used. The ripple of the output DC voltage shall bje not
more| than 1

O

The a@é of varistor voltage shall be read at the time specified in the detail specification|after
the test current Is applied. UNIess oltherwise speciiied, the test duration shall not be 1ess than
20 ms. Additionally, the test duration shall not be too long in order to avoid a thermal effect
when the temperature of the varistor rises appreciably during measurement.

The test duration of varistor voltage depends mainly on the electrode area of the varistor
element, the larger the electrode area, the longer the test duration if other conditions remain
the same. Appropriate test duration of varistor voltage can be found by trial for each type of
varistors and shall be prescribed in the detail specification.

The accuracy of the voltmeter shall be + 0,5 %.

The measured value shall be within the limits specified in the detail specification or specified in
the contract.
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NOTE Two successive measurements sometimes give slightly different outcomes, usually the first is less than the
second; unless otherwise specified, the first is taken.

6.7 Leakage current

A constant-voltage power supply of maximum continuous DC voltage Upcy + 0,5 % shall be
used. The ripple of DC voltage shall be not more than 1 %.

The leakage current of the varistor is highly temperature sensitive. The varistors shall be
maintained in the environment of the specified temperature for a specified period given in the
detail specification before the leakage current test is carried out.

The yalue of leakage current shall be read at the time specified in the detail specification|after
the t¢st voltage is applied. Unless otherwise specified, the time shall not be less thajnX0( ms.
Additionally, the test duration shall not be too long in order to avoid a thermal effect whep the
tempgrature of the varistor rises appreciably during measurement.

The fest duration of leakage current depends mainly on the electrode arga of the vafistor
elempnt, the larger the electrode area, the longer the test duration if gthér conditions rgmain
the game. Appropriate test duration of leakage current can be found™y trial for each type of
varisfors and shall be prescribed in the detail specification.

The accuracy of the microammeter shall be not more than £ 1% + 0,1 YA.

The measured leakage current shall be not more than<the specified value given in the detail
specfification.

6.8 | Capacitance

The [neasurements are taken in normal cosqtlitions at the sinewave signal of frequency apd at
the s|gnal level prescribed in the detail spektification. Unless otherwise specified, the freqyency
shalllbe 1 kHz and the signal level < 1:VVRMS with no DC bias.

For VJaristor samples on which apy-other electrical test has been performed before this|test,
meagurement of capacitance shalt be made on samples that have been allowed to recover for at
least|48 h after any other el€c{rical test or have recovered in compliance with 6.3.2.

The theasured capacitaice shall comply with the value given in the detail specification takinjg the
tolergnce into account:

NOTE| Properties{@f varistors depend on the frequency, arising from their capacitance.
6.9 | Voltage proof (for insulated varistors only)

6.9.1 General

The test shall be conducted using one of the following three mounting methods, as prescribed
in the detail specification.

6.9.2 V-block method

The varistor shall be clamped in the trough of a 90° metallic V-block of such size that the
varistor body does not extend beyond the extremities of the block. The clamping force shall
be such as to guarantee adequate contact between the varistor and the block. The clamping
force is to be chosen in such a way that no destruction or damage to the varistor occurs. The
varistor shall be positioned in accordance with the following:

— for cylindrical varistors: the varistor shall be positioned in the block so that the termination
furthest from the axis of the varistor is nearest to one of the faces of the block;
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— for rectangular varistors: the varistor shall be positioned in the block so that the termination
nearest to the edge of the varistor is nearest to one of the faces of the block.

For cylindrical and rectangular varistors with axial leads: any out-of-centre positioning of the
point of emergence of the terminations from the body shall be ignored.

6.9.3 Metal ball method

The uninsulated parts of the varistor shall be enclosed in an insulating material having a very
high insulation value.

The ¢omplete varisior shall be placed in a container holding 1,6 mm £ 0,2 mm diameter metal
ballsfsuch that only the terminations of the varistor are protruding. An electrode shall be inserted
between the metal balls.

6.9.4 Foil method

A maetal foil shall be wrapped closely around the body of the varistor.

For Varistors not having axial terminations, a space of-+te-+5 3 mp¥Yto 3,5 mm shall bg left
betwgen the edge of the foil and each termination.

For Jaristors having axial terminations, the foil shall be wrapped around the whole body gf the
varisjor protruding by at least 5 mm from each end, providedthat the minimum space of-Z 3 mm
betwgen the foil and the termination can be maintained.-The ends of the foil shall not be folded
over the ends of the varistor.

The qpplied voltage shall be that specified in the<applicable safety document. In the absence of
a safety document, the applied voltage shall heras follows.

An alternating voltage with a frequency of,40 Hz to 60 Hz and with a peak value of 1,4 times the
isolation voltage specified in the detail'specification shall be applied for 60 s £ 5 s (with a[peak
valug of 1,4 times) between all terminations of the varistor connected together as one pol¢ and
the npetallic balls, the metal foil er-the V-block as the other pole.

The Yoltage shall be applied gradually at a rate of approximately 100 V/s. The test time may be
reduced to 1 s provided.the test voltage is increased by 20 %.

There shall be no breakdown or flashover.

6.10| Insulation resistance (for insulated varistors only)

6.10[1 , Test procedure

The test-shaltbeperformedusing—oneof-themethods—specified—in—6-9—=asprescribed—in the
detail specification.

6.10.2 Measurement and requirements

The insulation resistance shall be measured with a direct voltage of 100 V + 15 V (for
U;go <500 V) or 500 V *= 50 V (for U;,g5 > 500 V) between both terminations of the varistor
connected together as one pole and the metallic balls, metal foil or V-block as the other pole.

The voltage shall be applied for 1 min, or for such shorter time as is necessary to obtain a
stable reading, the insulation resistance being read at the end of that period.
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When varistors are measured as specified, the insulation resistance shall be not less than the
appropriate figure specified in the detail specification.

There shall be no breakdown or flashover.

The measured insulation resistance shall be not less than that prescribed in the detail
specification.

6.11 Clamping voltage

The t
class

current specified in the detail specification.

A\
The Initial voltage overshoot resulting from capacitive charging of the varistor a'lgzjﬁ%ne Ipg of
the resistive current of the varistor shall be excluded from the clamping voltage\T"he clamping
voltape shall be the maximum voltage on the voltage oscillogram in the time g@e betweep the
valley point of the initial voltage overshoot and the instant at which the ocurrént peak ogcurs.
Oscillations in the neighbourhood of the valley is tolerated provided tyat their single{peak
amplltude is not more than 5 % of the peak value. In that case, a m%& curve shall be drawn
throdgh the oscillation for clamping voltage determination. The-&amplete time for voltage
oscillogram observation shall be 100 ps, and there shall be nb evidence of breakdown,
flashpver, or abnormal oscillation. Q/
N\

'Y
The measured clamping voltage shall be not more trQthe value prescribed in the detalil
specffication. Q

6.12| ESD clamping voltage (for surface mok®lectrostatic protective varistors on|ly)

The gsamples of SMVs used for eIectrostatiq@@btection shall be subjected to the contact|ESD
test ps specified in the detail specificati i Unless otherwise specified, the EDS clamping
voltape shall be measured at 30 ns afte@&iation of the 30 A/8 kV pulse defined in Table 3 and
Figune 2 of IEC 61000-4-2:2008. K\

O

The measured ESD clamping age shall be not more than that prescribed in the detail
specffication. C)\\

6.13| Maximum peak @srént

6.13[1 Initial me@ rement

Befofe the pul@t, the varistor voltage and the clamping voltage shall be measured forjeach
sampgle in a @, ance with 6.6 and 6.12 in this specification.

6.13.&<<§ést procedure

After the initial measurement is made, the samples shall be subjected to the pulses with their
waveform, number and time interval of applications specified in the detail specification. Unless
otherwise specified, the application of pulses shall be unidirectional.

In the case of the combination pulse test, the peak current or the open circuit voltage and the
effective output impedance of the combination pulse shall comply with the values specified in
the detail specification. Unless otherwise specified, the tolerance of the peak current or the
open circuit voltage of the combination pulse is = 10 %.

The varistor samples shall then remain under standard atmospheric conditions for recovery for
not less than 1 h nor more than 2 h.
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6.13.3 Final inspection, measurement and requirements

After recovery, the varistor voltage and the clamping voltage shall be measured for each
sample. For all tested samples, the following shall apply:
— visual examination shall show no cracks or other damage to the encapsulation;

— visual examination shall show no evidence of breakdown and/or flashover on any part of the
sample;

— after the pulse test, the varistor voltage shall not deviate by more than 10 % from the initial
value measured in the same direction;

- atCl thC PUIOC tCOt, thC b:aIIIP;IIU vu:tauc oha” IIUt ;II\.’IUGOC b_y mrourc thall 10 nU fIUI the
ifflitial value measured in the same direction (a decrease in the clamping v je is
pprmissible). Qy

NOTE| Sometimes, it is difficult to find the trace of breakdown and/or flashover on the sampgqust by |visual
examipation. An oscilloscope that records the test pulse curve can be used to assist the inspeé‘l/ .

6.14| Rated average dissipation power .

6.14]1 General '\Q%
The gompliance of the rated average dissipation power specifie 'n%e detail specification|shall
be varified with repetitive current pulses whose waveform and value shall be prescribed in
the detail specification. Unless otherwise specified, the wa m of the current pulse shall be
8/20|(see Annex B) and its chosen peak value is the sam@as the maximum peak currept for
10 00 pulses of 8/20 waveform. O
L

6.142 Initial measurement S\Q\
Befofe the test, the varistor voltage and ;@Iamping voltage shall be measured for |each
samgple in accordance with 6.6 and 6.12 in this specification.

In orgler to determine the time interval&tween the adjacent pulses At, a varistor sample whose
clamping voltage is preferably the(dwest among samples shall be subject to one spegified
pulsg as in the detail specificati the peak current Ip (A) and the limiting voltage Up (V)| at Ip

pass|ng through the sampleé}\ be measured during the pulse. At shall be derived from the
following formula. .

@ .
QO 715U, -10®

@. At =T(S) (5)
wherp %O

Pu i gé)ated average dissipation power specified in the detail specification.

H 2l H ] s s Il 1 <l i
T I arecTcadsurcu Tyurvarcrit ol tanyurar puistT uuTratuiTu

£ &l s s ] L 210N\
TaTrc 1T oT PuUiST (ST O 1L J).

6.14.3 Test procedure

After the initial measurement is made, the samples shall be subjected to the current pulse
whose waveform and peak value are prescribed in the detail specification, at the time interval
as determined in 6.15.2 for 10 000 times. The pulse polarity shall be alternated after every
50 pulses.

The varistor samples shall then remain under standard atmospheric conditions for recovery for
not less than 1 h nor more than 2 h.
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6.14.4 Final inspection, measurement and requirements

After recovery, the varistor voltage and the clamping voltage shall be measured for each
sample. For all tested samples, the following shall apply:
— visual examination shall show no cracks or other damage to the encapsulation;

— visual examination shall show no evidence of breakdown and/or flashover on any part of the
sample;

— after the test, the varistor voltage shall not deviate by more than 10 % from the initial value
measured in the same direction;

- atCl thC pu:oc tCOt, thC \.::CI.III'J;IIU VU:tQUC oha” IIUt ;II\.’ICGQC b_y LLLAA B >3 thall 10 n\.l fIUI the
irlitial value measured in the same direction (a decrease in the clamping v je is
pprmissible). Qy

NOTE| Sometimes, it is difficult to find the trace of breakdown and/or flashover on the sampgqust by |visual
examipation. An oscilloscope that records the test pulse curve can be used to assist the inspe @

6.15| Rated energy

4

6.15]1 General <O

currgnt pulse whose waveform is prescribed in the detail cification. Unless othefwise
specffied, the current pulse shall be of 2 ms rectangula veform or 10/1 000 wavgform
(see JAnnex B).

The gompliance of the rated energy specified in the detail spe<$ n shaII be verified with the

6.152 Initial measurement QQ

Befofe the test, the varistor voltage and clampln&\})ltage shall be measured for each sample in
accofdance with 6.6 and 6.12 in this specrfrg@@n

In orfler to determine the peak test curr I+ to be applied to the samples, a varistor sgmple
whoge clamping voltage is preferably,ﬁ‘re lowest among samples shall be subject to one pulse
with the waveform as specified as ;@he detail specification, with the peak current |, calcufated
by Formula (6). During the pulse\gh limiting voltage Upatly passing through the sample shall
be measured.

O
O® Iy :E_M (6)

UCL'T

wherp Q.®

Eyv |is th d energy specified in detail specification, expressed in J;
UcL measured clamping voltage of the sample, expressed in V;
T hn measured nmrl\/nlnnf rnr‘f:anmll:\r hll|':n duration of the test nlll:n used (cnn 3 9) or

TT of the rectangular wave (see Annex B), expressed in s.
I+ is determined by the following formula.

It = (7)

6.15.3 Test procedure

After the initial measurement is made, every sample shall be subjected to one current pulse
with the waveform specified in the detail specification and with peak value preset at I;. The
actual peak current 1, and the actual limiting voltage U, at 1, passing through the sample shall
be measured during the pulse. The actual energy E, absorbed by each sample is calculated by
the following formula.


https://iecnorm.com/api/?name=c9bd29ceca019d9eb4360d7157ca9671

IEC 61051-1:2018 RLV © |IEC 2018 - 41 -

EA=|A‘UA'T (8)

The varistor samples shall then remain under standard atmospheric conditions for recovery for
not less than 1 h nor more than 2 h.

6.15.4 Final inspection, measurement and requirements

After recovery, the varistor voltage and the clamping voltage shall be measured for each
sample. For all test samples, the following shall apply:

sual examination shall show no cracks or other damage to the encapsulation;

%
— vjsual examination shall show no evidence of breakdown and/or flashover on any par.kc f the
s

hmple; Qy
— the actual energy absorption E, of the sample shall be no less than the spe;@bed value in
the detail specification; Q

after the test, the varistor voltage shall not deviate by more than 10 % ﬁné(r.l(the initial yalue
measured in the same direction; s

a

%

ter the test, the clamping voltage shall not increase by more @g? 10 % from the [nitial
hlue measured in the same direction (a decrease in the cIamp@'@ voltage is permissible).

NOTE| Sometimes, it is difficult to find the trace of breakdown and/or gﬁv&ver on the sample just by |visual
examipation. An oscilloscope that records the test pulse curve can be usg assist the inspection.

6.16| Electrostatic discharge (ESD) (for surface mothglectrostatic protective varigtors

only) QQ

6.16J1 Initial measurement \\

QO
Befofe the test, the varistor voltage shall be&@asured for each sample in accordance with 6.6.
6.16 2 Test procedure .\Q)$
After|the initial measurement is m samples shall be subjected to the ESD test. The ESI) test
methpd selection, test voltage number of discharges shall be specified in the fetail
specffication. Unless otherwis\&pecified, the ESD test shall be performed by the contact

discHarge method or by the EIJ’ discharge method.

-

Unle$s otherwise spe % the contact discharge test shall be performed at 8 (1 £ 5 %) KV for
10 unidirectional di@]arges with a time interval of 1 s, and the air discharge test shgll be
perfgrmed at 15 (I\+ 5 %) kV for 10 unidirectional discharges with a time interval of 1 s.

The arist@ples shall then remain under standard atmospheric conditions for recovefy for
not lg¢ss 1 h nor more than 2 h.

6.16.3~ Final inSpection, measurement and requirements

After recovery, varistor voltage shall be measured for each sample. For all tested samples, the
following shall apply:

— visual examination shall show no evidence of flashover or puncture of the samples;

— the varistor voltage shall not deviate by more than the value prescribed in the detail
specification from the initial value measured in the same direction.

6.17 Robustness of terminations
6.17.1 General

The varistors shall be subjected to Tests Ua;, Ub, Uc and Ud of IEC 60068-2-21:2006 as
applicable.
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6.17.2

The force applied shall be:

Test Ua, — Tensile

— for terminations other than wire terminations: 20 N;

— for wire terminations, see Table 2.

6.17.3 Test Ub —Bending (half of the number of terminations)

Methpd T two Tonsecutive bends sitaftt be apptiedmeach direction. This testshattnotap

in the detail specification, the terminations are described as rigid.

6.17.4 Test Uc — Torsion (the other half of the number of terminations)

Methpd 1, severity 2 (two successive rotations of 180°) shall be used.

Table 2 — Force for wire terminations

tominal-eross Correspo ding .d amete orce
mm2 M N
S <0,05 d< 025 1
— 007 <S8 <072 — 03 <dx b5 5
0,2 <S <05 05 <¥<08 10
05 <S5 < 1,2 — 08 -d< 1725 20
1,2 —  13B)cg 40
Nominal cross sectional Carresponding diameter for Force
area circular sectionwires
mm? mm N
S <.0,05 d < 0,25 1
0,05 <S <70,10 0,25 <d < 0,35 2,5
0,10 WS <0,20 0,35 <d < 0,50 5
0,20 XS < 0,50 0,50 <d < 0,80 10
0,50 <SS <1.20 0,80 <d < 1,25 20
3,20 <S 1,25 <d 40

This [test shall not apply if, in the detail specification, the terminations are described as

Dly if,

rigid,

o . ) C L A L L
and tecomponents-with—unidcirectionat-terminations—desigrned-forprinted-wiring-appticatiot

6.17.5 Test Ud — Torque (for terminations with threaded studs or screws and for
integralmounting devices)

The torque applied shall be chosen from Table 3.
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Table 3 — Torque

Nominal thread diameter mm 2,6 3 3,5 4 5 6

Severity 1 0,4 0,5 0,8 1,2 2,0 2,5
Severity 2 0,2 0,25 0,4 0,6 1,0 1,25

Torque (Nm)

6.17.6 Visual examination

After recovery the varistors shall be \/iqually examined There shall be no visible damaqge

6.17.|7 Final measurement

%

The Yaristor voltage shall be measured as prescribed in 6.6; the change from the inftially
meagured value shall not exceed the limits prescribed in t tail specification.

6.17)8 Robustness of terminations of surface r@ﬁ varistors
6.17.8.1 Initial measurement 5\0\\

Befolle the test, the varistor voltage shall be{?@hsured for each sample in accordance with 6.6.

R\
The YVaristors shall be subjected to\GSest Ue of IEC 60068-2-21:2006. The detail specification
shall|specify the following detai@?

6.178.2 Test procedure

N\
plicable test method(&p\see 8.2 of IEC 60068-2-21:2006);

pe and dime ns (thickness and additional detail) of the subgtrate
EC 60068-2-21: , 8.2);

c) shape and dimensions of the solder lands on the substrate (IEC 60068-2-21:2006, 8.3.1);
d) nethod of &ting if other than given in 8.3.2 and 8.3.3 of IEC 60068-2-21:2006;

e) type of@er alloy (IEC 60068-2-21:2006, 8.3.3a));

f) usyé-éolder paste with the addition of silver (IEC 60068-2-21:2006, 8.3.3a) 1-2));

Q 2 242\ D\
=D

3 A=A~y —y b &

NSRS
= o

20Na
= ~a~a~s

g) Viseesi
h) conditions of preconditioning the samples (IEC 60068-2-21:2006, 8.3.3b) 3));

i) conditions of preheating (IEC 60068-2-21:2006, 8.3.3d));

j) method of cleaning (IEC 60068-2-21:2006, 8.3.3¢e) 5));

k) dwell time between soldering and testing (IEC 60068-2-21:2006, 8.4, 8.5.2.2 and 8.5.3.2);

[) if the bending test (Ue;) is specified, the depth of the bend and time of remaining bent, if
other than 20 s, and any required monitoring (IEC 60068-2-21:2006, 8.5.1.2);

m) the stepwise bending methods (if applied) (IEC 60068-2-21:2006, 8.5.1.2);

n) radius of bending tool, if other than 5 mm, for test Ue; (IEC 60068-2-21:2006, 8.5.1.2);
0) test method for test Ue, (pull-off or push-off) (IEC 60068-2-21:2006, 8.5.2.2);

p) method of attachment of the wire for test Ue, (pull-off) (IEC 60068-2-21:2006, 8.5.2.2.1);
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Q)
r
s)
t)
u)
V)

w)

6.178.3 Final inspection, measurement and requirements

- 44 — IEC 61051-1:2018 RLV © |IEC 2018

loading condition (pulling or pushing force and direction) if other than as specified in
8.5.2.2.1 and 8.5.2.2.2, IEC 60068-2-21:2006;

radius of pushing tool, if other than 0,5 mm, for test Ue, (push-off) (IEC 60068-2-21:2006,
8.5.2.2.2);

the pushing tool, point of contact between the sample and pushing tool and the type of
contact, for test Ue; (shear test) (IEC 60068-2-21:2006, 8.5.3.2);

pulling or pushing force if other than 10 N for test Ue, (pull-off or push-off), pushing force if
other than 5 N, for test Uey (shear test) (IEC 60068-2-21:2006, 8.5.2.2.1, 8.5.2.2.2 and
8.5.3.2);

recovery condition (IEC 60068-2-21:2006, 8.6.1):

dication as to whether the climatic sequence test (6.24) should bed|used
iLEC 60068-2-21:2006, 8.6.4);

ceptable rate of change in varistor voltage after test.

After|recovery, the samples shall be visually examined. There shall be po removal or split ¢f the

termination or visible mechanical damage.

The

aristor voltage shall be measured for each sample as prescribed in 6.6, and the chjange

from| the initially measured value shall not exceed thes¥{mits prescribed in the detail

specification.

6.18| Resistance to soldering heat

6.18{1 Preconditioning

When prescribed by the relevant specificationsthe-thermistors varistors shall be dried using the

procedures in 6.3.

The

6.182 Test procedure

hermistors varistors shall be measured as prescribed in the relevant specification.

Unless otherwise stated in the relevant specification, one of the following tests as set out in the

samg specification shall.be applied.

The

corrgsponding testtemperature shall be defined in the relevant specification.

a)

b)

c)

test conditions-including but not limited to the solder’'s alloy composition and the

Hor all-thermistors varistors except those of item b) and c) below: IEC 60068-2-20:2008,
Tlest Th, method 1 (solder bath).

Horcthermistors varistors not designed for use in printed boards, but with connedtions
intended for soldering as indicated by the detail specification:

1) IEC 60068-2-20:2008, Test Th, method 1 (solder bath)
2) IEC 60068-2-20:2008, Test Th, method 2 (soldering iron)

For surface mountirg-thermisters varistors:

IEC 60068-2-58:2015,reflow—er—solderbath-method Test Td,, method 1 (solder bath) or
method 2 (reflow).

6.18.3 Recovery

The

period of recovery shall, unless otherwise specified by the detail specification, be not less

than 1 h nor more than 2 h, except for surface mount-thermisters varistors, for which the period
of recovery shall be 24 h £ 2 h.
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6.18.

4 Final inspection, measurement and requirements

For all-thermistors varistors, except surface mount-thermistors varistors, the following shall
apply.

— When the test has been carried out the-thermistors varistors shall be visually examined.

- T
- T

here shall be no visible damage and the marking shall be legible.

he—thermisters varistors shall then be measured as prescribed in the relevant
specification.

Surface mount-thermistors varistors shall be visually examined and measured and shall meet

ther

6.19

6.19.

bquirements as prescribed in the relevant specification.

Solderability

1 General

The rlelevant specification-sheuld shall prescribe whether ageing is to be applied. If accele

ageir
appli

Unle

g is required, one of the ageing procedures given in IEC 60068-2-20-should shg
bd.

Es otherwise stated in the relevant specification, the test-sheuld shall be carried out

non-fctivated flux.

NOTE
6.19.

Unle
same

The
corrg

a) F
1

w

b) R
I

Not applicable to those terminations which the detail specification describes as not designed for soldd

? Test procedure

specification shall be applied.

test conditions including, but netZlimited to, the solder’s alloy compositions ang
sponding test temperatures, shathbe defined in the relevant specification.
or all-thermisters varistors execept those of item b) and c) below:

IEC 60068-2-20:2008; Test Ta, method 1 (solder bath).

Depth of immersian (from the seating plane or component body):

2,0 mm, using(athermal insulating screen of 1,5 mm £ 0,5 mm thickness.

IEC 6006842-20:2008, Test Ta, method 2 (soldering iron).

) HEC60868-2-54 IEC 60068-2-69:2017, Annex B and Annex C.

or—thefystors varistors not designed for use in printed boards, but with conneg
tended for soldering as indicated by the detail specification:

rated
Il be

with

ring.

5S otherwise stated in the relevant specification, one of the following tests as set out in the

| the

tions

IEC 60068-2-20:2008, Test Ta, method 1 (solder bath).

Depth of immersion (from the seating plane or component body): 3,5 mm.

2) IEC 60068-2-20:2008, Test Ta, method 2 (soldering iron).

c) F

or surface mounting-thermisters varistors:

1) IEC 60068-2-58:2015, Test Td;, method 1 (solder bath) or method 2 (reflow).
2) IEC 60068-2-69, solder bath wetting balance method or solder globule wetting balance

6.19.

method

3 Final inspection, measurements and requirements

The terminations shall be examined for good tinning as evidenced by free flowing of the solder
with wetting of the terminations.
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The—thermistors varistors shall meet the requirements as prescribed in the relevant

spec

6.20

6.20.

ification.

Rapid change of temperature

1 Initial measurement

Before the test, the varistor voltage shall be measured for each sample in accordance with 6.6 in
this specification.

6.20.
The

duration of the exposure at each of the extremes of temperature shall be 30 min.

The
than

6.20.

After

P Test procedure

varistors shall be subjected to Test Na of IEC 60068-2-14:2009 for five(eycles.

aristors shall then remain under standard atmospheric conditions for recovery for no
1 h nor more than 2 h.

3 Final inspection, measurement and requirements

The

less

recovery, the varistors shall be visually examined. Thereshall be no visible damage and
the nparking shall be legible.

Fersliesnenibd o mnstors the losline o cneentelbol s s mmenenend as sepcenboc i B ootd the
| hal | bod in the detail fioation.

B e e e Coesurent el Soae oofoore bed-i-4-5;
'lell- -'-3- =ll afa’ " a ll.' -ﬂe "- l' l= - ..= ala’ ll e‘ =‘= -q_t_h_e
The yaristor voltage shall be measured as prescribed in 6.6, and the change from the inftially
meagured value shall not exceeththe limits prescribed in the detail specification.
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6.21 Shock

6.21.1 Initial measurement

Before the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

6.21.2 Test procedure

The varistor shall be mounted as indicated in the relevant specification.

The varistors shall be subjected to Test Ea of IEC 60068-2-27:2008 using the degree of seyerity
presgribed in the detail specification.

The pumber of shocks shall be prescribed in the detail specification accordiqgito Clausg 5 of
IEC $0068-2-27:2008.

6.213 Final inspection, measurement and requirements

After|recovery, the varistors shall be visually examined. There shall-be no visible damage|

Eorscllicon carhide varictors tha laakaae curreant chall ha maeasiurad ac nraserihad in 4 4 anld the
=OoSHCOR- AR GEeVaHStoISmeteakage cifre Rt s e meqstHetasprescHie a4 ahRche
0O n-& 0O ala A a¥a A ala ava aya aua al aVallaa¥a .0 a & -.. II V|
O a+-0X+Hd a 0 oHaged D a-cd aHb gaSP oed 5
.= 1aya . le. =.. afa’ " a an .' U .= a " -' ala’ & ..= alal l. = a) =.= -q_t_h_e

The yaristor voltage shall be measured as\prescribed in 6.6, and the change from the inftially
meagured value shall not exceed the ligiitS prescribed in the detail specification.

6.22| Vibration

6.22.[1 Initial measurement

Befofe the test, the watistor voltage shall be measured for each sample in accordance with 6.6 in
this gpecifications

6.222 Testprocedure

The yaristor shall be mounted as indicated in the relevant specification.

Unless otherwise prescribed by the detail specification the varistors shall be subjected to
Methed-B4-of Test Fc of IEC 60068-2-6:2007 using the degree of severity prescribed in the
detail specification.

6.22.3 Final inspection, measurement and requirements

After recovery, the varistors shall be visually examined. There shall be no visible damage.
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The varistor voltage shall be measured as prescribed in 6.6, and the change from the initially
measured value shall not exceed the limits prescribed in the detail specification.

6.23

6.23.

Climatic sequence

1 General

In th¢ climatic sequence, an mterval of maximum 3 days IS permitted between any of the jests,

exce
first ¢

2 Initial measurement

Dt that the cold test shall be applied immediately after the recovery period specified-fqr the
ycle of the damp heat, cyclic, Test Db.

Befo

6.23.

The
temp

6.23.

The
temp

6.23.

The
temp

6.23.

a) T
S

b) T

—

6.23.

he test shall be 1 h.

e the test, the varistor voltage shall be measured for each sample’in accordance with 6.6.

3 Dry heat

aristors shall be subjected to Test-Ba Bb of IEC 60068-2-2:2007 at the upper category
erature for a duration of 16 h.

4 Damp heat, cyclic, Test Db, first cycle

aristors shall be subjected to Test Db of?]JEC 60068-2-30 for one cycle of 24 h, usjng a
prature of 55 °C (Severity b), Variant 1x

5 Cold

aristors shall be subjected to~-Test-Aa Ab of IEC 60068-2-1:2007 at the lower catggory
erature for a duration of 2 h;

6 Low air pressute

he varistors shall be subjected to Test M of IEC 60068-2-13:1983 using the degree of
pverity prescribed in the detail specification.

he test shallbe carried out at a temperature of between 15 °C and 35 °C. The duratipn of

7 ,Damp heat, cyclic, Test Db, remaining cycles

acih

The

|
as indicated in Tabl

+n
++n
+
++
¥
P

farictare chall K octad ta Tact Dh Af IEC 600682 20 fno evelac nf 24 h
aHStoFS—SHaBE-—SHB e Ete a1t eSSt B-1E S B oUoo So16 EYy eSO+
e

a A3 2 O
4, at a temperature of 55 °C (Severity b), Variant 1.

Table 4 — Number of cycles

Categories Number of cycles
-/ -156 5
/=121 1
-/-110 1
-/—-104 0
-/—-100 0
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The varistors shall remain under standard atmospheric conditions for recovery for not less than
1 h nor more than 2 h.

6.23.8 Final inspection, measurement and requirements

After recovery the varistors shall be visually examined. There shall be no visible damage and
the marking shall be legible.

The Yaristor voltage shall be measured as prescribed in 6.6, and the changé)from the injtially
meagured value shall not exceed the limits prescribed in the detail specification.

The insulation resistance shall be not less than that prescribed in the(detail specification.

The yoltage proof test shall be performed as prescribed in 6.9., There shall be no breakdoyn or
flashpver.

6.24| Damp heat, steady state

6.24J1 Initial measurement

Befofe the test, the varistor voltage shall he measured for each sample in accordance with 6.6.

6.242 Test procedure

The paristors shall be subjected-to Test Cab of IEC 60068-2-78:2012 using the degr¢e of
sevefity corresponding to the.climatic category of the varistor as indicated in the detail
specification.

The yaristors shall be\divided into two groups.

a) The first grotipsshall be subjected to this test without voltage applied.

b) The secand group shall be subjected to the test and a DC voltage as prescribed in the
sectioralor in the detail specification shall be applied.

The yaristors shall remain under standard atmospheric conditions for recovery for not less|than
1 h nor more than 2 h.

6.24.3 Final inspection, measurement and requirements

After recovery, the varistors shall be visually examined. There shall be no visible damage and
the marking shall be legible.
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The varistor voltage shall be measured as prescribed in 6.6, and the change from the initially
measured value shall not exceed the limits prescribed in the detail specification.

The insulation resistance shall be not less than that prescribed in the detail specification.

6.25 Fire hazard

The varistors shall be subjected to the needle flame test of IEC 60695-11-5.

The detail specification shall specify the following details:

a) ahy preconditioning, if required or if different from that specified in Clause|8 of
IEC 60695-11-5:2016;

b) the number of test-specimens samples, if not three;

c) the position of the—specimen sample; unless otherwise specified, the_sample shgll be
mounted as in normal use;

d) the surface to be tested and the point of application; unless otherwisenspecified, the sufrface
ekposed to the flame shall be the side surface;

e) the underlying layer to be used to evaluate the effect of-flaming-dreps burning or glgwing
phrticles falling from the test sample;

f)y tHe level of severity:
— the duration of application of the test flame (t,);
g) requirements:

—| the permissible duration and extent of <hurning, considering the design and the
arrangements of the various parts, and shields and barriers inside the equipment;

—| whether the criteria specified are .sufficient to check compliance with the safety
requirements, or whether further criteria-sheuld shall be introduced;

R} —| burning droplets or glowing partsdalling down shall not ignite the underlying layer;
—| any deterioration of mechanical/electrical properties allowed.

6.26 | Endurance at upper category temperature

agifiad
ecHHea
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6.26J1 Test system \~$\

a) Tlest chamber: the temperature of th@test chamber shall be maintained at the spegified
vplue with a tolerance of £2 K. A‘\

b) Hower source: the test voltage@plied on the sample shall be of the specified value with a
tplerance of +0,5 %. The rated. output current of the source shall be not less than 1 A| The
AIC voltage shall be of a é\s@stantially sinusoidal waveform (less than 5 % total harmonic
djstortion).

6.262 Initial meas S%ent

Befofe the durati ge?st, the varistor voltage and the clamping voltage shall be measurdd for

each|sample irg;&brdance with 6.6 and 6.12.

6.263 ting of the samples

The or samples shall be held in position by their terminations to suitable clips on a rgck of

insulating materiar.

The distance between two adjacent varistor samples is recommended not to be less than three
times the major dimension of their body.

There shall be no undue draught over the varistors. Only natural convection resulting from the

hot v

6.26.

aristors is allowed.

4 Test procedure, measurement and requirements

a) The varistors shall be kept in the test chamber at a temperature equal to the upper category
temperature specified in the detail specification for 1 000 h (0, +24 h). The maximum
continuous DC or AC voltage, as prescribed in the detail specification, and taking account
of the temperature derating curve, shall be applied continuously throughout the endurance
test. An accidental interruption of the test voltage and/or the test temperature, not exceeding
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b)

f)

6.27| Solvent resistance of marking

6.27[l Test procedure

- 52 - IEC 61051-1:2018 RLV © |IEC 2018

24 h during the test period is permissible. The duration of interruption will not be counted in
the duration of the test.

After approximately 48 h, 500 h and 1000 h, the varistors shall be removed from the
chamber and allowed to cool under standard atmospheric conditions for recovery of 4 h +
0,5 h.

NOTE Checks after 48 h and/or 500 h are optional.

After recovery, the varistors shall be visually examined. There shall be no visible damage
and the marking shall remain legible.

The varistor voltage shall be measured as prescribed in 6.6, and the change from the initially

After intermediate measurements, the varistors shall be returned to the test chambey (not
applicable to the varistors checked after 1 000 h). The interval between the remoVvdl of any
varistor from the chamber and its return to the conditions of test shall not exceed 12 H.

After 1 000 h the varistor shall additionally be subjected to the following teSsts.

—-| The clamping voltage shall be measured and shall not exceed that prescribed in the
detail specification.

—| The insulation resistance shall be measured and shall be not less than that prescribed in
the detail specification.

The pomponents shall be subjected to Test XA of IEC 60068-2-45:1980 with the follgwing

details.

6.272 Requirements

After[the test, the marking shall be legible.

6.28| Componentisolvent resistance
6.28JL Initial)measurements

The llneasurements prescribed in the relevant specification shall be made.

Yolvent to be used: see 3.1.1 of IEC 60068>2-45:1980.
olvent temperature: 23 °C + 5 °C.

S
Jonditioning: method 1 (with rubbing).
Rubbing material: cotton wool.

R

ecovery time: not applicable;-unless otherwise stated in the detail specification.

6.28.2 Test procedure

The components shall be subjected to Test XA of IEC 60068-2-45:1980 with the following
details:

Solvent to be used: see 3.1.1 of IEC 60068-2-45:1980.
Solvent temperature: 23 °C £ 5 °C, unless otherwise specified in the detail specification.

Conditioning: method 2 (without rubbing).

Recovery time: 48 h, unless otherwise stated in the detail specification.

6.28.3 Measurement and requirements

The measurements prescribed in the relevant specification shall be made and the specified
requirements shall be met.
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6.29 Mounting (for surface mount varistors only)

An example of a mounting for surface mount varistors is shown in Figure-A-4 2.

Dimensions in millimetres
Glass-epoxy PWB 1,6 +0,19

i
A~
[~
~ H H H H 8 4 HHH H
ahg o W 44209 7 F7
\E/ZEEEZZZEE [N
A A T T A 7 7 Q
A0 O AOA A 9| +.°
100000000940 | -
NN AN NANAUNNA D o O, A A |
0 1 2 3 4 5 6 7 8 9 10 a
2 o o 2
- 57,5 >
7
A / A

DN\

W

L -—
IEC

a8 This conductor may be omitted or used as a guard electrode

Figure 2 — Mounting 'method for measurement of surface mount varistors

Surfgce mount varistors.shall be mounted on a suitable substrate, the method of mounting
depenhding on the varistor construction. The substrate material shall normally be a 1,6 mmithick
epox|de woven glass fabric laminated printed board (as defined in IEC 61249-2-7,
IEC-EP-GC-CU)%eta 0,635 mm alumina substrate and shall not affect the result of any tgst or
meagurement-The detail specification shall indicate which material is to be used fof the
electfical measurements.

The substrate shall have metallized land areas of proper spacing to permit mounting of surface
mount varisiors and shall provide elecirical connection 1o the surface mount varistor terminals.
The details shall be specified in the detail specification.

If another method of mounting applies, the method-sheuld shall be clearly described in the
detail specification.

When the detail specification specifies wave soldering, suitable glue, details of which may be
specified in the detail specification, shall be used to fasten the component to the substrate
before soldering is performed.

Small dots of the glue shall be applied between the conductors of the substrate by means of a
suitable device securing repeatable results.
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The surface mount varistors shall be placed on the dots using tweezers. To ensure that no glue
is applied to the conductors, the surface mount varistors shall not be moved about.

The substrate with the surface mount varistors shall be heat-treated in an oven at 100 °C for
15 min.

The substrate shall be soldered in a wave soldering apparatus. The apparatus shall be
adjusted to have a pre-heating temperature of 80 °C to 130 °C, a solder bath at 260 °C £ 5 °C
and a soldering time of 5s + 0,5 s.

The 5

The
IEC $0068-2-45:1980).

When the detail specification specifies reflow soldering, the following mounting procedure
requifements apply.

a)

b)

d) NOTE Flux-sheuld shall be removed byza'suitable solvent (see 3.1.3 of IEC 60068-2-45:1

e)

f)

olderina aoneration-shall ha raneated ance maore (two-cveles in total)
+o-eHRg-6p-efatHehR-—Sshat—etepeatea—-oh -0+t Yo H—+otatH)-

substrate shall be cleaned for 3 min in a suitable solvent (see/).371.

Tlhe solder used in preform or paste form shall be silver bearingd. (2° % minimum) eu
gn/Pb solder together with a non-activated flux as stated in ¢EC 60068-2-20. Altern
pblders such as 60/40 or 63/37 may be used on surface mount,varistors whose constru
includes solder leach barriers. The Pb-free solder used ifivpreform or paste form sha
n96,5-Ag3,0-Cu0,5 or derivative solder together with a«flux as stated in IEC 60068-2

n

B of

and

ectic
ative
ction
|l be
+58.

he surface mount varistor shall then be placed across the metallized land areas of the¢ test

substrate so as to make contact between varistor~and substrate land areas.

he substrate shall then be placed in or on assuitable heating system (molten solde
plate, tunnel oven, etc.). The temperature of the unit shall be maintained between 2]
d 260 °C, until the solder melts and reflows forming a homogeneous solder bond, b
npt longer than 10 s.

All subsequent handling-sheuld shall be such as to avoid contamination. Care-should
NoTFE The detail specificationmay require a more restricted temperature range.

NoTE If vapour phase soldering is applied, the same method may be used with
temperatures adapted.

be taken to maintain cleanliness.n test chambers and during post-test measurements|

, hot
5°C
Ut for

D80).
shall

the
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Annex A
(rormative informative)

Rules for the preparation of detail specifications for capacitors
and resistors for electronic equipment

A.1 The drafting of a complete detail specification by IEC technical committee 40, if required,
shall begin only when all the following conditions have been met.

a)
b)

c)

d)

A.2
the standard or preferred values, ratings and characteristics and severities for environm
tests| etc., which are given in the appropriate generic orsectional specifications.

An exception to this rule may only be granted for asspecific detail specification when agre¢
technical committee 40.

A.3

The generic specification has been approved.

he sectional specification, when appropriate, has been circulated for approval unde
s|x months rule.

r the

he associated blank detail specification has been circulated for approval ynder the six

onths rule.
here is evidence that at least three national committees have formally.approved as

ithin its country of a part described by some other national standard, this assertion

T
0
Where a national committee formally asserts that substantial or-Significant use is
W
cpunt towards the foregoing requirement.

Detail specifications prepared under the responsibility of.technical committee 40 sha

Wwn national standard, specifications covering a component of closely similar perforance.

their

ade
may

| use
ental

ed by

The detail specification-sheuld shall naet be circulated under the six months rule until the
sectipnal and blank detail specifications_have been approved for publication.
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Annex B
(normative)

Test pulses used in this specification

B.1 Types of test pulses

B.1.1 General

There_are three types of test lhII|QPQ used in this me‘ifiratinn' lhll|§P type 1 plll':p type 2 and

pulsg type 3, as defined as follows. Q

Q7
B.1.2 Pulse type 1
O

This type has a shape that increases from zero to a peak value in a short tim&and thergafter
decrgases to zero either approximately exponentially or in the manner of a heaVily damped sine
curvg. This type is defined by the virtual front time T, and the virtual UQ;;\{O half value T,| The
wavdform of the pulse current type is denoted by T4/T,, in whic th T, and T, afe in
micrgseconds. The shape of pulse current type 1 and the shapeg@ﬂse voltage type 1 are
shown in Figure B.1 and Figure B.2 respectively. C)

Ther¢ are three test pulses used in this specification: 8/20 ¢ r}gﬁt pulse, 10/1 000 current pulse
and 1,2/50 voltage pulse. The combination pulse is the yﬁ)ld of an open-circuit voltage pulse
of 1,‘./50 waveform and a short-circuit current pulse o&’zo waveform.

R

€ N\
. o
o ¥
209 ®\$
E b\
05 St
e Tor\ .
- ~O -
B N
g'l q\ro . Time (linear sca-l_g_)
o <’§ > <20 %
Q. n

- - IEC

S . —
\<</C) L o

Virtual front time T, = 1,25 x T

Figure B.1 — Shape of pulse current type 1

B.1.3 Pulse type 2 (rectangular pulse)

This type has an approximately rectangular shape and is defined by the virtual duration of the
peak and the virtual total duration, see Figure B.3.

B.1.4 Pulse type 3 (ESD discharge pulse)

This type has a very steep rising front and thereafter decreases in an oscillation manner, see
Figure B.4.
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B.2 Pulse parameters

B.2.1 Value of the pulse current/voltage

Pulse current/voltage is normally defined by its peak value. With some test circuits, overshoot
or oscillations may be present on the current. The pulse current shall be defined by a smooth

curve drawn through the oscillations provided the peaks of the oscillations comply with
Clause B.3.

§ A
)
o
31 B
20,9
< 2
0,5 T
— 2 e
0,3
0,1 Time (linear scale)
0 -
Oy J. <30 % i : >4

IEC

Virtual front time T,=167xT

Figure B.2 — Shapg(of pulse voltage type 1
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5
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Tr . .
- - Possible polarity
reversal
IEC
To Virtual duration of peak current
T Virtual total duration

Figure B.3 — Shape of pulse type 2

B.2.2 Virtual front time T,

Virtual front time T, of a pulse current of type 1 is 1,25 times the interval between the instants
when the pulse is 10 % and 90 % of its peak value. The virtual front time T, of a pulse voltage of
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type 1 is 1,67 times the interval between the instants when the pulse is 30 % and 90 % of its
peak value.

B.2.3 Virtual origin O,

Virtual origin O4 of a pulse current of type 1 is the instant preceding that at which the current is
10 % of its peak value by a time 0,1 x T;. The virtual origin O, of a pulse voltage of type 1 is the
instant preceding that at which the voltage is 30 % of its peak value by a time 0,3 x T;.

For oscillograms having linear time sweeps, this is the intersection with the x-axis of a straight
line drawn through the 10 % (30 %, in case of pulse voltage) and 90 % reference points on the
front

B.2.4 Virtual time to half-value T,
Virtugl time to half-value T, of a pulse current or pulse voltage of type 1 is.the time interval

betwgen the virtual origin and the instant on the tail at which the current has first decreasgd to
half ifs peak value.

B.2.5 Virtual duration of peak of a rectangular pulse current Ry

Time|during which the current is greater than 90 % of its peak alue.

A

100 -+ — —_——— e )

| peak (%)

90 —-+—

1 (30 ns) \/ .

1 (60 ns)

10 -+

20
AR T

| 60 ns

i S
0.7 IEC

\J

<

t

Y

Figure B.4 — Shape of pulse type 3

B.2.6 Virtual total duration T+ of a pulse current

Time during which the amplitude of the pulse current of type 2 is greater than 10 % of its peak
value. If oscillations are present on the front, a mean curve shall be drawn in order to determine
the time at which the 10 % value is reached.
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B.3

Tolerances for the pulses

— 61 -

The differences of the pulse parameters between the specified values and those actually
recorded shall be within the tolerances listed in this annex, provided that the measuring system

meets the requirements of IEC 60060-2.

For pulse type 1: see Table B.1.

Table B.1 — Accepted differences between specified
and recorded pulse values

Table

Combination pulse
Pulse waveform 8/20 10/1 000 Open-circuit shrt-circluit
voltage pulse clrent pullse
Pegk +10% +10 % +10% +10%
Virtpial front time T, +10 % + 100 %, - 10 % + 30 % +20 %
Virtpal time to half value T, +10 % +20 % + 20v% +20 %
Virtpal total time T, Under consideration (256 ~ 4T,
For gulse type 2:
Peak] value: +20 %, -0 %.
Visual duration of the peak: +20 %, -0 %.
For dulse type 3: see Table B.2.
Table B.2 — Tolerarices for pulse type 3
Indicated First peak current Rise time t, Current at Current|at
Levlel voltage of discharg@ with discharge switch 30 ns 60 ng
(kV) (A) (ns) (A) (A)
1 2 7(5 10 % 0,7 ~ 1 4 +30% 2+30po
4 4 15 +10 % 0,7 ~ 1 8+30% 4 + 30 Po
3 6 225+10% 0,7 ~ 1 12 £ 30 % 6 + 30 Po
4 8 30+10 % 0,7 ~ 1 16 + 30 % 8 + 30 b
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Annex C
(informative)

Recommended measurement/test methods for characteristics
and parameters for application reference

Voltage vs. current characteristic

2018

specffication. Unless otherwise specified, the waveform shall be 8/20 (see Annex B), the
peak|current range shall be 0,01 1,5, to 1 1,54 (the maximum peak current for one pulse).
The Yoltage vs. current characteristic can be expressed by Formula (C.1) for@h the ngrmal
voltape-limiting region and voltage up-turn region. .
4
Upmax —CI2 H
U =CIP+R,1 =C|P ; Zmax — ~Tmax | '\Q C.1)
i C)Q)
wherp ‘\\Q/
I is the peak current of the specified current Q%I@ flowing through the varistor;
U is the limiting voltage across the varistor@@ peak current of | (see 3.12, Not¢ 1 to
entry); N
Imax is the maximum peak current for oné\&o pulse (see Annex B);
U ax is the limiting voltage across ttg\@aristor at the peak current of I, (see B.12,
Note 1 to entry);

R, is the equivalent linear res&s\@.\nce of the varistor;
Cang B see Formula (1). \Q
NOTE| Formula (C.1) is introduced é‘?rcome the shortage of the Formula (1) in practical applications, whi¢h can
only ekpress the voltage vs. curre racteristic in its normal voltage-limiting region and does not cover the vpltage
up-turp region. .
C.1.4 The test peak ent values (I, I,, I;, ...1,) shall be selected according to the required
currgnt range and di uted apart from each other over the range in a roughly equal distarjce in
term$ of geometryaJ.he number of the selected values is commonly 5 to 9, the more the number,
the njore the acy of the measured voltage vs. current characteristic.
C13 T imiting voltage (U,, U,, U;, ...U,) shall be measured within the ng¢rmal
voltapedlibmiting region at each test current (l4, I, I;, ...1,)) respectively on the same vafistor
samlrlp\ he pulse application shall he performed in an increasing order starting fromh the

smallest peak value to the biggest. The duration between two pulses shall be sufficient to allow
the sample’s temperature to recover to room temperature.

The constants A and B in Formula (C.2) shall be obtained by using the least squares fitting
method. Then the constants C and  in Formula (C.1) shall be calculated by Formula (C.3) and

Form

ula (C.4) respectively.

Iog%=A+Blogli

c=10"

(C.2)

(C.3)
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NOTE The normal voltage-limiting region of the voltage vs. current characteristic curve is usually defined by a
current density range from 20 A-cm™2 to 2 000 A-cm™2,

C.2 Maximum peak current derating characteristic

c.2.1 Rationale related to this test

The measurement of the maximum peak current derating characteristic curves is based on the
fact which can he expressed by Formula (C 5) given that repetitive pulses applied on a varistor

with fheir equivalent rectangular pulse duration z remains the same. Q
QY
| -nP =D (n=10) ,\Cb C.5)
Q

wherp (l/

: : o N-
n is the number of pulses applied on the varistor; ’
I is the maximum peak current for n pulses with the same e(@(&ent rectangular pulse

duration of T; ©
p and D are both constants. Q/C)

A

The Yyalues of the constants p and D in Formula (C.5) canée calculated by two groups of test
data - (I, ny) and (l,, n,) — which can be obtained from %o groups of pulse life tests perfofmed
on two group samples at two different peak currents nd I,), respectively, on the condlition

that the test pulses are of the same equivalent &c ngular pulse duration T and the failure
criteffia for determining the maximum pulse nu fs (ny and n,) is the same. The maxjmum
peak| current respectively for 101, 102, 103, , 105, 106 pulses with the same equivialent

rectajngular pulse duration of T can be 0bta®d from Formula (C.5) into which the valueg of p
and Ip are substituted.
.\@

A\
xO
The pulse life test in C.2.1 sh%@% terminated when either of following failure criteria is met:

C.2.7 Failure criteria

He varistor voltage deefg)ases by more than 10 % from the initial value measured ih the
same direction;

—

— the clamping vo increases by more than 10 % from the initial value measured ip the

spme directic@v
C.2.9 Pul@Qﬁe test

Sample @%I be selected according to the number specified in the relevant specification} and
divid acéwo 4 groups labeled as G-1, G-2, G-3 and G-4 separately.

a) Narrow pulse life test

Unless otherwise specified, the current pulse of 8/20 waveform (see Annex B) shall be selected
in the narrow pulse life test.

Samples of G-1 and G-2 shall be subjected to the narrow pulse life test.

Each sample in G-1 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unified peak current I, selected as the same as the maximum peak current for 10 pulses of 8/20
waveform at a time interval of 2 min until the failure criteria in C.2.2 is met. The maximum
number of pulses before failure shall be recorded for each sample. The average number shall
be calculated based on the maximum number of pulses for each sample and denoted by n;
after all the samples in G-1 fail.
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Each sample in G-2 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unified peak current I, selected as the same as the maximum peak current for 100 pulses of
8/20 waveform at a time interval of 30 s until the failure criteria in C.2.2 is met. The maximum
number of pulses before failure shall be recorded for each sample. The average number shall
be calculated based on the maximum number of pulses for each sample and denoted by n,
after all the samples in G-2 fail.

The constants p and D in Formula (C.5) for the narrow pulse with an equivalent rectangular
pulse duration of T, (the theoretical value of T, is 17,5 us for a standard 8/20 current pulse (see

Annex B), but it is recommended to use the measured value of t, for the actual test current
pulse_for a better accuracy) can be obtained by Formulae (C.6) and (C.7):

_ log(l2/11) Qy C.6)
log(ny/n7) '\Cb

21

4

p
DTl S |1~n1 1 % C7)
Q

The fmaximum peak current respectively for 101, 102, 103, 102(;)@106 pulses with the unified

equijalent rectangular pulse duration of T, shall be calculate substituting p,, and D_| into
Formula (C.5), and shall be plotted as point marked with A &)Q Az, Ay, Ag, Ag respectively on

the perpendicular line at T = 1, in a log-log scaled graphras-shown in Figure C.1.

QO

b) \Wide pulse life test

Unlegs otherwise specified, the current pulse s&0/1 000 waveform or a rectangular wavegform
of 2 s (see Annex B) shall be selected in S®W|de pulse life test.

N

Samples of G-3 and G-4 shall be subj@s?éd to the wide pulse life test.

Each| sample in G-3 shall be s '\'cted to repetitive wide current pulses with a unified [peak
currgnt 15 selected as the\,\éy as the maximum peak current for 10 pulses of 10/1 000
wavgform or a rectangular eform of 2 ms (see Annex B) at a time interval of 2 min unfil the
failure criteria in C.2.2 isymet. The maximum number of pulses before failure shall be recqrded
for epch sample. The ﬁage number shall be calculated based on the maximum number of
pulsgs for each san’@pand denoted by nj after all the samples in G-3 fail.

.

Eachl sample i -4 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unifigd pea:é@rrent I, selected as the same as the maximum peak current for 100 pulses of

10/1poo form or a rectangular waveform of 2 ms (see Annex B) at a time interval off 30 s
until th& faflure criteria in C.2.2 is met. The maximum number of pulses before failure shall be
reco A ) g all |
number of pulses for each sample and denoted by n, after aII the samples in G 4 fail.

The constants p and D in Formula (C.5) for the wide pulses with an equivalent rectangular
pulse duration of T, (the theoretical value of T, is 1 553 us and 2 000 s for a standard 10/1 000
current pulse and a standard rectangular pulse of 2 ms (see Annex B) respectively, but it is

recommended to use the measured value of T, for the actual test current pulse for a better
accuracy) can be obtain by following Formulae (C.8) and (C.9):

_ log(l4/13)

C.8
log(ng /ny) (©8

72
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, =13°M3 (C.9)

The maximum peak current respectively for 101, 102, 103, 104, 10>, 106 pulses with the unified
equivalent rectangular pulse duration of 1, shall be calculated by substituting p_, and D_, into
Formula (C.5), and shall be plotted as point marked with B4, B,, B3, B4, Bg, Bg respectively on

the perpendicular line at T = 7, in a log-log scaled graph as shown in Figure C.1.

c.24 Graphing of the maximum peak current derating curves

The maximum Im-'nal( current dprn’ring curves can he obtained hy r‘lrawing cfraighf lines Irm(:,sing
sepafately through each point pair (A; B;), (A, By), (A3 B3), (A4 By), (A Bs), (Ag Bg)in the
log-1¢g scaled graph the as shown in Figure C.1.

¥ ‘
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Figiwe C.1 — Maximum peak current derating characteristic

C.3 | Thermal resistance (for leaded varistors only)

C.3.1 Test system

The test system includes a DC constant-current power source, a voltmeter, an ammeter, a
thermometer and a timer.

The DC constant-current power source shall be capable of outputting an adjustable constant
current of 0,1 mA to 10 mA to samples.

The voltmeter and the ammeter shall be of an accuracy of + 1 %.

The thermometer shall be of an accuracy = 0,5 °C over the range of 0 °C to 100 °C.
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C.3.2 Mounting of the sample

The varistor sample shall be mounted perpendicularly on an insulated board by inserting the two
leads into two through-holes separately in the board (the spacing between the two through-holes
is similar to that between the sample’s leads), the leads are electrically connected with the DC
constant current source with copper wires of 0,2 mm in diameter. There shall be no undue
draught over the varistor. Only natural convection resulting from the hot varistor is allowed.

C.3.3 Test procedure
a) The ambient temperature shall be measured.

b) T LILILIA"4 0L l.hU I.l\/ \.:UIIOL(J.IIL \.:UIIUIIL }JUVVCI SUUTULT, LhC CUurTroiit f:UVVIIIu thuuull arc vari Ul Sha”
bp adjusted so that the power dissipated by the varistor is 1,5 ~ 2,0 times th& rated
alerage dissipation power of the varistor specified in the detail specificatio en the
sfirface temperature of the varistor shall be measured every 1 min untilpthe th¢rmal
efiuilibrium is reached (i.e. variation of the surface temperature is less 2 K within
1P min). (1/

c) The thermal resistance of the varistor can be calculated with Formul &‘10)

T -T O
Rr = ﬁ (KIW) C)@ (€.10)
X
&
where c‘)\
Rir is the measured thermal resistance; O<<
Th is the ambient temperature; Q
T is the surface temperature of the vamx@sample at thermal equilibrium;
I is the current flowing through the \(i@tor sample when the power is 1,5 ~ 2,0 {imes
the rated average dissipation p

U is the voltage across the va&@or sample at current I;

Unlegs otherwise specified in t etail specification, the average value of the thg¢rmal

resisfance measured on three s les shall be used as the typical value of thermal resistance.

O
C.4 | Abnormal ove&ltage withstanding duration
C.4.1 Test systém

The fest syster@udes an AC constant-voltage power source or a DC constant-voltage gower
sourge, a g@ cell, a voltmeter, an ammeter and a timer.

—
>
@

nstant- voItage power source shall output an adjustable AC voltage of substartrally
ot : C C C LLeng d a
maximum current of not Iess than 1 A (RMS) The regulatron accuracy of the AC
constant-voltage power source shall be not less than £ 1 %.

The DC constant-voltage power source shall output an adjustable DC voltage (less than 1 %
voltage ripple) and a maximum current of not less than 1 A. The regulation accuracy of the DC
constant-voltage power source shall be not less than £ 1 %.

The response time of the AC constant-voltage power source or the DC constant-voltage power
source shall be not more than 20 ms to step changing of load.

The sample cell is necessary for safety reasons, it shall be transparent or have an observation
window and the walls of the cell and the varistor sample shall be approximately 100 mm apart.
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The voltmeter, which is used to monitor the output voltage of the power source, shall be
accuracy of + 1 %.

The timer, which is used to record the abnormal overvoltage withstanding duration, shall
an accuracy of + 0,1 s.

The ammeter is used to judge the occurrence of the irreversible breakdown of the va
sample which shall be serially connected with it.

C.4.2 Test procedure

of an

be of

ristor

a) The varistor sample Kept In the sample cell shall be electrically connected with :h
cpnstant-voltage power source or the DC constant-voltage power source in accord.{/
the relevant specification. Q.

b) Tlhe output voltage of the power source shall be adjusted to 1,5 timesN\ max

cpntinuous AC voltage or 1,5 times the maximum continuous DC voltage i Qecordancd
the relevant specification. Then the voltage shall be applied to the varist(p{g{mple. The
shall be turned on at the instant of the voltage application. ’

c) The ammeter shall be observed closely and the timer shall be@@ped when the cy

increases abruptly. )
NOTE| When the time is too short, it is difficult to measure the abno g)overvoltage withstanding dJ
accurately just by a manually controlled timer. An automatically controlled&ér or an oscilloscope that recorj
test cyrrent curve can be used to assist the measurement. 6\
C.4.3 Requirements Q<<
If applicable, the measured abnormal overvoltagch(i standing duration shall be not less
the vplue specified in the detail specification. S\\}
Z
S@
¥
xO

b AC
with

mum
with
fimer

rrent

ration
Hs the

than
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VARISTORS FOR USE IN ELECTRONIC EQUIPMENT -
Part 1: Generic specification

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote“international
cofoperation on all questions concerning standardization in the electrical and electronic fields. Tg, this end fand in
addition to other activities, IEC publishes International Standards, Technical Specifications, Tiechnical Rgports,
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)”).| Their
préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with
may participate in this preparatory work. International, governmental and non-governmental organizations l{aising
with the IEC also participate in this preparation. IEC collaborates closely with the Interfiational Organizatfon for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizatipns.

2) Thie formal decisions or agreements of IEC on technical matters express, as neatly as possible, an interngtional
copsensus of opinion on the relevant subjects since each technical commitiee has representation fropm all
rested IEC National Committees.

3) IEL Publications have the form of recommendations for internationahisé and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts are made to‘ensure that the technical content ¢f IEC
PUblications is accurate, IEC cannot be held responsible for,the-way in which they are used or fgr any
mifinterpretation by any end user.

4) In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publigations
transparently to the maximum extent possible in their natiohal and regional publications. Any divergence bgtween
anly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the|latter.

5) IEE itself does not provide any attestation of confarmity. Independent certification bodies provide confprmity
aspessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification‘bodies.

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

7) N( liability shall attach to IEC or its directors, employees, servants or agents including individual experfs and
mgmbers of its technical committees and”IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses
arising out of the publication, use efy or reliance upon, this IEC Publication or any other IEC Publications.

8) Atfention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the corre¢t application of this publication.

9) Atjention is drawn to thé possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be,held responsible for identifying any or all such patent rights.

Interpational Standard IEC 61051-1 has been prepared by IEC technical committeg 40:
Capdcitors and resistors for electronic equipment.

This |thitd-edition cancels and replaces the second edition published in 2007. This edition
constitutés a technical revision.

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

a) 10 new terms and definitions — leaded varistors, surface mount varistors(SMV), electrostatic
discharge (ESD), ESD clamping voltage, equivalent rectangular pulse duration, maximum
peak current derating characteristic, rated average dissipation power, rated energy,
abnormal overvoltage withstanding duration and temperature derating curve — have been
added (see 3.6, 3.7, 3.14, 3.15, 3.19, 3.20, 3.23, 3.24, 3.25 and 3.29);

b) General requirements for electrical tests and 7 new test items — clamping voltage, ESD
clamping voltage, maximum peak current, rated average dissipation power, rated energy,
electrostatic discharge (ESD), robustness of terminations of surface mount varistors — have
been added (see 6.5, 6.11, 6.12, 6.13, 6.14, 6.15, 6.16 and 6.17.8);

c) In6.6,6.7,6.8,6.9.3,6.23.2, 6.23.4 and 6.26, following test items have been revised:
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Varistor voltage, leakage current and capacitance: more detailed requirements and
information have been added;

Voltage proof — foil method: the space between the edge of the foil and each termination
has been changed from 1 mm ~ 1,5 mm to 3 mm ~ 3.5 mm for testing varistors not having
axial terminations and the minimum space between the foil and the termination has been

d)
e)

f)
9)

h)

The

changed from 1 mm to 3 mm for testing varistors having axial terminations;
e Climatic sequence — dry heat: the method has been changed from Ba to Bb;
e Climatic sequence — cold: the method has been changed from Aa to Ab;

continuously throughout the test lasting for 1 000 h;

he test items of pulse current, voltage under pulse condition and bump have been’de

new informative annex entitled "Recommended measurement/test methods
characteristics and parameters for application reference™(Annex C) has been addgq
hich guidelines of measuring/testing characteristics) 'and parameters for applic
r¢ference including voltage vs. current characteristic, maximum peak current def
characteristic, thermal resistance and abnormal)overvoltage withstanding duration
been given.

ext of this International Standard is basedon the following documents:

FDIS Report on voting

40/2621/ERIS 40/2625/RVD

Full information on the voting forthe approval of this International Standard can be found i
repoft on voting indicated inthéabove table.

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

A list of all parts in.the IEC 61051 series, published under the general title Varistors for u
electfonic equipment, can be found on the IEC website.

The

stability’date indicated on the IEC website under "http://webstore.iec.ch” in the data relat
the specific document. At this date, the document will be

e Endurance at upper category temperature: the method of "applying test voltages in

ages
leted

been

been

for
d, in
ation
ating
have

n the

se in

ommittee has decided that the contents of this document will remain unchanged unfil the

ed to

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.
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VARISTORS FOR USE IN ELECTRONIC EQUIPMENT —

Part 1: Generic specification

1 Scope

This part of IEC 61051 is a generic specification and is applicable to varistors with symmetrical
voltape-current characteristics for use in electronic equipment.

It esfablishes standard terms, inspection procedures and methods of test for use, in Sectional
and gletail specifications for quality assessment or any other purpose.

NOTE| Detail specifications can be specifications within the IEC system, another specificatien system linked tp IEC,
or spefified by the manufacturer or user. The drafting of a complete detail specification by [EC technical committee 40,
if reqired, follows the rules described in Annex A.

2 Normative references

The flollowing documents are referred to in the text in such away that some or all of their content
constitutes requirements of this document. For dated referénces, only the edition cited applies.
For undated references, the latest edition of the-referenced document (including| any
amendments) applies.

IEC 0027 (all parts), Letter symbols to be used‘in’electrical technology

IEC 60050 (all parts), International Electratechnical Vocabulary (IEV)

IEC 60062, Marking codes for resistors*and capacitors

IEC §0068-1:2013, Environmental testing — Part 1: General and guidance

IEC §0068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC §0068-2-2:2007, Environmental testing — Part 2-2: Tests — Tests B: Dry heat
IEC §0068-2-6.2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (Sinusojdal)

IEC 60068-2-13:1983, Environmental testing — Part 2-13: Tests — Test M: Low air pressurg

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-20:2008, Environmental testing — Part 2-20: Tests — Test T: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices
IEC 60068-2-21:2006/COR1:2012

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock
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IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12 h

+ 12-hour cycle)

IEC 60068-2-45:1980, Environmental testing — Part 2-45: Tests — Test XA — Immersion in
cleaning solvents
IEC 60068-2-45:1980/AMD1:1993

IEC 60068-2-58:2015, Environmental testing — Part 2-58: Tests — Test Td: Test methods for
solderability, resistance to dissolution of metallization and to soldering heat of surface
mounting devices (SMD)

IEC ¢
testir
meas

IEC 4
state

IEC 6
termi

IEC 6
(avai

IEC @
_Ap

IEC 6
resis

IEC ¢
meas

IEC 6
insp§

IEC 6
Part
of de

0068-2-69:2017, Environmental testing — Part 2-69: Tests — Test Te/Tc: Solderd
g of electronic components and printed boards by the wetting balance, (
urement) method

0068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, st

0294, Measurement of the dimensions of a cylindrical component having two
nations

0617, Graphical symbols for diagrams
able at http://std.iec.ch/iec60617)

bility
force

eady

axial

0695-11-5:2016, Fire hazard testing — Part 11-5) Test flames — Needle-flame test mgthod

baratus, confirmatory test arrangement and guidance

0717:2012, Method for the determination of the space required by capacitors
ors with unidirectional terminations

1000-4-2:2008, Electromagnetie = Compatibility (EMC) — Part 4-2: Testing
urement techniques — Electrostatic discharge immunity test

1193-2, Quality assessnient systems — Part 2: Selection and use of sampling plarn
ction of electronic components and packages

1249-2-7:2002; ‘Materials for printed boards and other interconnecting structur
P-7: Reinforced base materials clad and unclad — Epoxide woven E-glass laminated
fined flammability (vertical burning test), copper-clad

ISO $0000=1:2009, Quantities and units — Part 1: General

and

and

s for

es —
theet

3

erms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp
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3.1

type

group of components having similar design features and the similarity of whose manufacturing
techniques enables them to be grouped together either for qualification approval or for quality
conformance inspection

Note 1 to entry: They are generally covered by a single detail specification.

Note 2 to entry: Components described in several detail specifications may, in some cases, be considered as
belonging tothe same type and can therefore be grouped together for approval and quality conformance inspection.

[SOURCE: IEC 60115-1: 2008, 2.2.25, modified — The remark on "single detail specification”
has heen deleted from the definition and Note 1 to entry and Note 2 to entry have been added.]

3.2

style
subdjvision of a type, generally based on dimensional factors that can include-several variants,
generally of a mechanical order

[SOURCE: IEC 60115-1:2008, 2.2.20]

3.3
varigqtor

voltgge dependent resistor
VDR
component, whose conductance, at a given temperature.range, increases rapidly with voltage
within a given current range

Note 1 to entry: This note applies to the French language™anly.
Note 2 to entry: Varistor is graphically symbolized as.Z.

Note 3 to entry: This property is expressed by-either of the following formulae:
U= ClIf @)
or
I = AUY (2)

| is|the current flawing through the varistor;

is|the voltage.applied across the varistor;

is|the nen-linearity voltage index (see 3.5);

U
B is|the non-linearity current index (see 3.4);
Y
A

andlLC_are constants

non-linearity current index
starting from Formula (1) of 3.3, it is defined by the formula

I du
B:UX—I (3)

Note 1 to entry: For the convenience of calculation, the following formula may be used:

_logyo Uy /Uy) 4
logyo(11/12) )
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B is always less than 1.

3.5

Y
non-

recip

linearity voltage index
rocal of non-linearity current index f

Note 1 to entry: vy is always greater than 1.

Note 2 to entry:

Y-

2018

In varistor industry and literature, the non-linearity voltage index is usually denoted by o rather than

3.6
leads
varis

3.7

surfa
SMV
leadl

3.8

Urmg
maxi
maxi
disto
25 °(

Note ]

4

Note 3

Note 3
voltag

3.9

Upcy
maxi
maxi

conti

Note ]
Note 3

that a
maxini

3.10

bd varistors
ors connected to electric circuits via lead wire, or conductive plate, or screw térming

Lce mount varistors

PSs varistors mounted on electric circuits by use of surface mountitechnology

mum continuous AC voltage
mum AC RMS voltage of a substantially sinusoidal waveform (less than 5 % total harn
rtion) which can be applied to the component under continuous operating conditio

to entry: Normally this voltage value shall be Iyd\times the supply voltage.

to entry: Normally the peak value of thisvoltage shall be equal to or less than the lower limit of v
P tolerance.

{
mum continuous DC yoltage

nuous operating cenditions at an ambient temperature of 25 °C

to entry: The'power loss of varistor at maximum continuous DC voltage shall be approximately the sa
maximum continuous AC voltage, hence the value of maximum continuous DC voltage is about 1,3 tim
um continuous AC voltage.

to entry: Full information on derating requirementsiabove 25 °C shall be given in the detail specificatign.

to entry: Full infermation on derating requirements above 25 °C shall be given in the detail specificatign.

tions

honic
s at

>

Aristor

mum DC voltage (with less than 5 % ripple) that can be applied to the component yinder

>

me as
es the

Us

supply voltage
voltage by which the system is designated and to which certain operating characteristics of the
system are referred

3.11
Uy

varistor voltage
voltage, at specified DC current (also named as DC reference current), used as a reference

point

in the component characteristic

Note 1 to entry: Unless otherwise specified, the DC reference current is DC 1 mA.
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3.12

limiting voltage

peak value of the voltage, which appears at the terminations of the varistor, when a specified
current pulse is applied to it

Note 1 to entry: Unless otherwise specified, the voltage peak at the initial instant of the pulse current shall be
excluded from the limiting voltage. That voltage peak results from time lag of the resistive current of the varistor due
to the charging of the varistor’s capacitance.

3.13
UcLp

clamping voltage

limitihg voltage under standard atmospheric conditions, when passing an 8/20 class cyrrent
pulse

SEE] Annex B.

3.14
elecfrostatic discharge
ESD
<for gurface mount electrostatic protective varistors>transfer of electrie’charge between bpdies
of different electrostatic potential in proximity or through direct contact

Note 1 to entry: There are two test methods for electrostatic discharge test:

Cpntact discharge method: a method of testing in which the electrode of the ESD pulse generator is held in
cgntact with the SMV, and the discharge is actuated by the discharge switch within the generator.
A

r discharge method: a method of testing in which the elecirode of the ESD pulse generator is brought clpse to
the SMV, and the discharge is actuated by a spark to the.SMV.

[SOURCE: IEC 60050-161, 161-01-22, modified — Note 1 to entry has been added.]

3.15
ESD|clamping voltage
<for |surface mount electrostatic yaristors> peak voltage developed across the varistor

term:lnations measured at 30 ns_after initiation of pulse of 30 A/8 kV defined in Table 3 and
Figurie 2 of IEC 61000-4-2:2008

SEE]Annex B

3.16
Uisol |
isoldgtion voltage
<insylated varistors> maximum peak voltage that can be applied under continuous opetating
condjtions. between the varistor terminations and any conducting mounting surface

3.17
I
leakage current

current passing through the varistor at the maximum DC voltage and at a temperature of 25 °C
or at any other specified temperature

3.18

IPm i

maximum peak current

maximum current per pulse that can be passed by a varistor at an ambient temperature of
25 °C, for a given number of pulses
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3.19

T

equivalent rectangular pulse duration

normalized unidirectional pulse duration that is equal to the ratio of area of the pulse wave to the
pulse peak

3.20

maximum peak current derating characteristic

characteristic curve or mathematical formula expressing maximum peak current I, derating
with increasing equivalent rectangular pulse duration t and repetitive pulse number n that can be
applied to the varistor at ambient temperature 25 °C

3.21
lcLs
clas$ current
peak|value of current, which is 1/10 of the maximum peak current for 100 pulses for the|8/20
currgnt pulse with a time interval of 30 s

SEE] Annex B

3.22
puls¢ or impulse
unidifectional wave of voltage or current without appreciable os€illations

SEE] Annex B

Note 1 to entry: In IEC 60060-2, the word "impulse" is used; however, for this specification, only the word "pullse" is
used.

3.23
Pm

rated average dissipation power
maximum average dissipation power of\repetitive pulses allowed to be applied to the varistors
at ambient temperature of 25 °C

3.24
Ey

rated energy
maximum pulse energy.that the varistor is able to withstand one time when it is exposgd to
10/1 P00 current pulse-or 2 ms rectangular wave pulse, at an ambient temperature of 25 9C

SEE]Annex B

3.25
abndrmal-overvoltage withstanding duration
time |during _which the varistor can withstand an abnormal overvoltage across it without
irreversible breakdown

3.26

category temperature range

range of ambient temperatures defined by the temperature limits of its appropriate climatic
category for which the varistor is designed to operate continuously

3.27
upper category temperature
maximum ambient temperature for which a varistor has been designed to operate continuously

[SOURCE: IEC 60115-1: 2008, 2.2.26, modified — "Resistor" in the definition has been replaced
by "varistor", "at that portion of the rated dissipation which is indicated in the category
dissipation" has been deleted from the definition, and the notes to entry have been deleted.]
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3.28
lower category temperature
minimum ambient temperature at which a varistor has been designed to operate continuously

[SOURCE: IEC 60115-1:2008, 2.2.12, modified — "Resistor" in the definition has been replaced
by "varistor", and the Note to entry has been deleted.]

3.29
temperature derating curve
graph showing the parameters’ derating of varistors with ambient temperature increasing

Note 1 to entry: The parameters include, but are not limited to, maximum continuous AC and/or DC voltage| rated
average dissipation power. Their derating curves are usually given in the detail specification.

3.30
thermal resistance
ratio between the temperature rise of the element of the varistor above the ambient temperpture
and the applied power

3.31
combination pulse
pulsg with voltage waveform of 1,2/50 and current waveform, ©f)8/20, which is expressgd by
"peak voltage/peak current”

SEE]Annex B

4 Technical data

4.1 | Units, symbols and terminology

Units, graphical symbols, letter symbols;-and terminology shall, whenever possible, be faken
from the following publications:
o the IEC 60027 series;

e the IEC 60050 series;

BHC 60617;

$0 80000-1.

When further itenis, are required, they shall be derived in accordance with the principles af the
documents listed-above.

4.2 Preferred values and characteristics

Eachlsectional specification shall prescribe the preferred values appropriate to the subfamily,
covered by that sectional specification.

4.3 Marking
4.3.1 General

The information given in the marking is normally selected from the following list; the relative
importance of each item being indicated by its position in the list:

a) maximum continuous AC voltage or nominal varistor voltage;

b) date of manufacture;

¢) number of the detail specification and style reference;

d) manufacturer's name or trade mark.
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The varistor shall be clearly marked with a) above and with as many of the remaining items as
is practicable. Any duplication of information in the marking on the varistor shall be avoided.

In the case of extremely small components, the sectional specification shall prescribe the
requirements.

The package containing the varistor(s) shall be clearly marked with all the information listed
above.

Any additional marking shall be so applied that no confusion can arise.

4.3.2 Coding

When coding is used, the method shall be preferably selected from those given indEC 600p2.

5 Quality assessment procedures

51 General
5.1.1 Overview

When this specification and any related specifications are being used for the purpose of ja full
guality assessment system, the procedures of 5.5 and 5.6 ory5.12 shall be complied with.

Whenp such specifications are used outside such quality-assessment systems for purposes|such
as design proving or type testing, the procedures-and requirements of 5.5.1 and 5.5.3 may be
used| but the tests and parts of tests shall be applied in the order given in the test schedyles.

Befofe varistors can be qualified according to the procedures of this specification| the
manufacturer shall obtain the approval of-his organization in accordance with the provisiogns of
the specified quality assessment system (if any).

The methods that are available far the approval of varistors of assessed quality and which are
covefed by the following subclauses, are:

— (gpalification approvah(see 5.5);

(<]

hpability approval (see 5.6);

—

gchnology approval (see 5.12).

For g given subfamily of varistors, separate sectional specifications for qualification applroval
and gapability-approval are necessary and capability approval is therefore available only wien a
relevant sectional specification has been published.

5.1.2 Applicability of qualification approval

Qualification approval is appropriate for a standard range of varistors manufactured to similar
structure/design and production processes and conforming to a published detail specification.

The test schedule defined in the detail specification for the appropriate assessment and
performance levels applies directly to the varistor range to be qualified, as prescribed in 5.4 and
the relevant sectional specification.

5.1.3 Applicability of capability approval

Capability approval is appropriate when varistors based on common design rules are fabricated
by a group of common processes. It is particularly appropriate when components are
manufactured to a user's specific requirements.
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Under capability approval, detail specifications fall into the following three categories:
a) Capability qualifying components (CQCs)

A detail specification shall be prepared for each CQC. It shall identify the purpose of the CQC
and include all relevant test severities and limits.

b) Standard catalogue components

When the manufacturer requires a component approved under the capability approval
procedure, a capability approval detail specification complying with the blank detail
specification (if any) shall be written.

¢) (ustomer specific components

The ¢ontent of the detail specification (often known as a customer detail specification [GDS])
shalllbe by agreement according to the specified quality assessment system (if.any).

Furtiler information on these detail specifications is given in the, relevant secfional
specffication.

Apprpval is given to a manufacturing facility on the basis of validated design rules, procgsses
and fuality control procedures and the results of tests on capability qualifying componfents,
inclufling any process validation test vehicles. See 5.4 and théuelevant sectional specifigation
for fyrther information.

5.1.4 Applicability of technology approval

Techphology approval is appropriate when the complete technological process (design, prqcess
realization, product manufacture, test and shipment) covers the qualification aspects comimon
to allfvaristors determined by the technology!

5.2 | Primary stage of manufacture

The primary stage of manufacture shall be specified in the sectional specification.

5.3 | Subcontracting

If sucontracting of the primary stage of manufacture and/or subsequent stages is employed, it
shalllbe in accordance with the specified quality assessment system (if any).

The $ectional specification may

|
—

qrbid this'subcontracting on technical grounds, or

— whefe-it is considered necessary, include any special requirements, for examplg for
specified successive stages to be performed by the same manufacturer. or

— permit the subcontracting unreservedly.
5.4  Structurally similar components

Varistors within the scope of this specification may be grouped as structurally similar for the
purpose of forming inspection lots provided that the following requirements are met.

a) They shall be produced by one manufacturer on one site using essentially the same design,
materials, processes and methods;

b) For electrical tests, devices having the same electrical characteristics may be grouped
provided that the element determining the characteristics is similar for all the devices
concerned;

c) For environmental tests, devices having the same encapsulation, basic internal structure
and finishing processes may be grouped;
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d)

e)

5.5
5.5.1 Eligibility for qualification approval

The manufacturer shall comply with the specified quality assessment system (if any).

5.5.2 Application for qualification approval

The manufacturer shall comply with the specified quality assessment system (if any).

5.5.3 Test procedure for qualification approval

One pf the following two procedures shall be used.

a)

b)
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For visual inspection (except marking) devices may be grouped if they have been made on
the same production line, have the same dimensions encapsulation and external finish;

The grouping may also be used for robustness of terminations and soldering tests where it
is convenient to group devices with different internal structures (see item c above);

For endurance tests, devices may be grouped if they have been made with the same
production process in the same location using the same design and differing only in
electrical characteristics. If it can be shown that one type from the group is more heavily
stressed than the others, then tests on this type may be accepted for the remaining
members of the group.

Qualification approval procedures

he manufacturer shall produce test evidence «f Conformance to the specifidation
pquirements on three inspection lots for lot-by-lat inspection taken in as short a time as
ossible and one lot for periodic inspection. No.major changes in the manufacturing prqcess
hall be made in the period during which the,inspection lots are taken.

nall be used, but when the sample "size would give acceptance on zero |non-
bnformances, additional specimens.shall be taken to meet the sample size requirg¢d to
ve acceptance on one non-conforming item.

he manufacturer shall producé)test evidence to show conformance to the specifidation

T
r

p

s

Siamples shall be taken from the lots in accordance with IEC 61193-2. Normal inspgction
s

c

g

T

requirements on the fixed sample size test schedule given in the sectional specification.

The specimens taken toform the sample shall be selected at random from cyrrent
pfoduction or as agreed.

For the two procedures,~the sample sizes and the number of permissible non-conformgnces

shalllbe of comparable order. The test conditions and requirements shall be the same.

5.5.4 Grantifig of qualification approval

Quallfication approval shall be granted when the procedures in accordance with the spegified

gualify@assessment system (if any) have been completed satisfactorily.

5.5.5 Maintenance of qualification approval

Qualification approval shall be maintained by regular demonstration of compliance with the
requirements for quality conformance inspection (see 5.5.6).

5.5.6 Quality conformance inspection

The blank detail specification(s) associated with a sectional specification shall prescribe the
test schedule for quality conformance inspection.

This schedule shall also specify the grouping, sampling and periodicity for the lot-by-lot and
periodic inspection.
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Sampling plans and inspection levels shall be selected from those given in IEC 61193-2. If
required, more than one test schedule may be specified.

5.6 Capability approval procedures
5.6.1 General
Capability approval covers:

— the complete design, material preparation and manufacturing techniques, including control
procedures and tests;

— tHe performance Timits claimed for the processes and products, that Is, those speciiigd for
the capability qualifying components (CQCs) and process control parameters (PCPS);

— the range of mechanical structures for which approval is granted.

For g general overview of capability approval, see Figure 1.

Component range

Select PCPs Select CQCs
(5.6.10.3) (5.6,5.1)
| ]
Prepare control plan Rfepare CQC detail
(5.6.10.4) specification
(5.6.5.1)
I
Commence process Prepare CQC test program
control (5.6.6)
INITIAL
CAPABILITY APPROVAL
(5.6.10)
Process control Lot-by-lot test

Verification of
limits
(5.6.10.4)

Figure 1 — General scheme for capability approval

5.6.2 Eligibility for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any).

5.6.3 Application for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any), and with the requirements of the relevant sectional specification.

5.6.4 Description of capability

The capability shall be described in a capability manual in accordance with the specified quality
assessment system (if any), and the requirements of the relevant sectional specification. The
manual shall include or make reference to the following as a minimum:
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— ageneral introduction and description of the technologies involved;

— aspects of customer liaison including provisions of design rules (if appropriate) and
assistance to customers in the formulation of their requirements;

— a detailed description of the design rules to be used;

— the procedure for checking that the design rules are complied with for the relevant
component technology manufactured to a detail specification;

— a list of all materials used, with reference to the corresponding purchasing specifications
and specifications for the inspection of inward goods;

— aflow chart for the total process, showing quality control points and permitted rework loops,
a[TdCoTTtaimiTTg TEfETETTCES U alt process and quality Tomrot procedures;

— aldeclaration of processes for which approval has been sought in accordance with the
equirements of the relevant sectional specification;

-

declaration of limits for which approval has been sought in accordance with the
gequirements of the relevant sectional specification;

|
o

— allist of CQCs used to assess the capability, with a general description of each, supported by
a| detailed table showing where the declared limits of capability @ré demonstrated [by a
particular CQC design;

— aldetail specification for each CQC;

— aldetailed control plan including PCPs used to control processes, with a general description
of each PCP and showing the relation between a given RCP and the related propertie$ and
performance of the finished component;

— gpidance on the application of structural similarity) in sampling for quality conformance
tgsting.

5.6.5 Demonstration and verification of capability

5.6.5.1 General

The manufacturer shall demonstrate and’ verify the capability in accordance with the spetified
guality assessment system (if any), and the requirements of the relevant sectional specifigation
with the details given in 5.6.5.2.

5.6.52 CQCs for demonstrating capability

The manufacturer shalliagree with the certification body on the process qualifying paramieters
and the range of capability qualifying components that are necessary to demonstrat¢ the
capapility range specified in the capability manual.

The |[demonstration shall be made by testing the agreed range of CQCs, which shdll be
designed,-“manufactured and the process parameters controlled in accordance with the
capapility-manual. The CQCs shall comply with the following requirements:

a) the range of CQCs used shall represent all the limits of the declared capability. The CQCs
shall be chosen to demonstrate mutually attainable combinations of limits;

b) the CQCs shall be one of the following:
— components specially designed to demonstrate a combination of limits of capability, or
— components of designs used in general production, or
— a combination of both of these, provided the requirements of a) are met.

When CQCs are designed and produced solely for capability approval, the manufacturer shall

use the same design rules, materials and manufacturing processes as those applied to
released products.

A detail specification shall be prepared for each CQC and shall have a specific front page
format. The detail specification shall identify the purpose of the CQC and shall include all
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relevant stress levels and test limits. It may refer to internal control documentation which
specifies production testing and recording in order to demonstrate control and maintenance of
processes and limits of capability.

5.6.5.3 Limits of capability

The limits of capability shall be described in the sectional specification.

5.6.6 Programme for capability approval

In accordance with the specified quality assessment system (if any), the manufacturer shall
prepfire a programme for the assessment of the declared capability. This programme shall be
so dgsigned that each declared limit of capability is verified by an appropriate CQC.

The programme shall include the following:

— albar chart or other means of showing the proposed timetable for the approval exercide;

|
o

btails of all the CQCs to be used with references to their detail specifications;
— alchart showing the features to be demonstrated by each CQC,;

|
-

e¢ference to the control plans to be used for process control.
5.6.7 Capability approval test report

In accordance with the specified quality assessment system (if any), a capability approva| test
repoit shall be issued. The report shall meet the spgcific requirements for the capdbility
approval test report and shall contain the following information:

— the issue number and date of the capability manual,

— the programme for capability approval inxaccordance with 5.6.5;

— a|l the test results obtained during thelperformance of the programme;

—

He test methods used;

-

e@ports on actions taken in the ‘event of failure (see 5.6.10.2).

The feport shall be signed /by the designated management representative (DMR) as a true
statement of the results obtained and submitted to the body, designated in the national fules,
whiclp is responsible for.the granting of capability approval.

5.6.8 Abstract of-description of capability

The @bstract is\intended for formal publication after capability approval has been granted

The pbstract shall include a concise description of the manufacturer's capability and| give
suffigienl”information on the technology, methods of construction and range of products for
whichthe manufacturer ias been approved.

5.6.9 Modifications likely to affect the capability approval

Any modifications likely to affect the capability approval shall satisfy the requirements of the
specified quality assessment system (if any).

5.6.10 Initial capability approval
5.6.10.1 General
The approval is granted when

— the selected range of CQCs has collectively satisfied the assessment requirements of the
CQC detail specifications, with no nonconforming item allowed;
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— the control plan has been fully implemented in the process control system.
5.6.10.2 Procedure in the event of failure

See the specified quality assessment system (if any), with the following details.

In the event of the failure of the specimens to meet the test requirements, the manufacturer
shall state his/her intention to follow one of the actions described in a) and b) below:

a) to modify the proposed scope of the capability;
b) to conduct an investigation to establish the cause of failure as being either

—| failure of the test itself, for example, test equipment failure or operator error, or.
—| design or process failure.

If theg cause of failure is established as a failure of the test itself, then either the"specimen that
apparently failed or a new one, if appropriate, shall be returned to the test schedule aftgr the
necegsary corrective action has been taken. If a new specimen is to be Used, it shdll be
subjgcted to all the tests in the given sequence of the test schedule(s) appropriate tp the
apparently failed specimen.

If thg cause of failure is established as a design or process failure, a test programme shall be
carri¢d out to demonstrate that the cause of failure has been eradicated and that all corrgctive
meagures, including documentation, have been carried out.\When this has been accomplished,
the t¢st sequences in which the failure has occurred shall be repeated in full using new CQCs.

After|the action is complete the manufacturer shall send a report and shall include a copy in the
capapility approval test report (see 5.6.6).

5.6.10.3 General plan for the selection.0f*\PCPs and CQCs

Eachl manufacturer shall prepare a pracess flow chart, based on the example given in the
relevant sectional specification. For~all the process steps included in this flow chart, the
manufacturer shall include the corrésponding process controls.

Contfols shall be denoted (by-'the manufacturer as shown in the example in the rel¢vant
sectipnal specification.

5.6.10.4 Process-cantrol test plans

The {est plans shall form part of the process control system used by the manufacturer. When
statigtical preeess control (SPC) is used, implementation shall be in accordance with|SPC
basiq requirements. The SPC plans represent mandatory controls at process nodes.

For each” process step where production equipment is employed, the manufacturer [shall
monitor the process parametiers at regular intervals and compare the readings to the control
and action limits which it will establish.

5.6.10.5 Test plans for CQCs demonstrating limits of capability

Test plans for CQCs for the demonstration of limits of capability shall be prescribed in the
relevant sectional specification.

5.6.11 Granting of capability approval

Capability approval shall be granted when the procedures in accordance with the specified
guality assessment system (if any), have been completed satisfactorily and the requirements of
the relevant sectional specification have been met.
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5.6.12 Maintenance of capability approval

Capability approval shall be maintained by complying with the requirements of the specified
guality assessment system (if any), and with the requirements declared in the capability
manual following the schedule of maintenance given in the relevant sectional specification.

Additionally, the following details apply.

a) Capability approval remains valid without retesting for two years.

b) The programme for the retesting of CQCs shall be defined by the manufacturer. For
process control, the manufacturer shall establish a control system. An example of a control
pfogramme chart may be given in the sectional specification. For verifying limits of
cppability, the manufacturer shall ensure that all the test plans of 5.6.10.5 that are rel¢vant
to his capability approval are repeated at least every two years.

¢) Quality conformance inspection of components for delivery may be used to-suppoit the
aintenance of capability approval where relevant. In particular, wheresthe manufagturer
hiolds qualification approval for a range of components that are manufactured by the same
pfocesses and that also fall within the limits of capability for which’he holds capgbility
proval, process control test results and periodic quality conformance test results afising

flom the qualification approval may be used to support the maintenance of capdbility

proval.
d) The manufacturer shall ensure that the range of CQCs/remains representative of the
products released and in accordance with the requirements of the detail secfional
specification.
e) The manufacturer shall maintain production, so that
—| the processes specified in the capabilitysxmanual, with the exception of any agreed
additions or deletions following the procedure of 5.6.9, remain unchanged,

—| no change has occurred in the place-efimanufacture and final test,

—| no break exceeding six months has occurred in the manufacturer’s production under
capability approval.

f) The manufacturer shall maintaima record of the progress of the maintenance of capgbility
programme so that, at any time; the limits of capability that have been verified and {hose
which are awaiting verification in the specified period can be established.

5.6.13 Extension of capability approval

The manufacturer may extend the limits of his capability approval by carrying out the tesf plan

from]:E:.6.10.5, which.relates to the type of limit to be extended. If the proposed extension refers

to a glifferent type-of limit from those described in 5.6.10.5, the manufacturer shall proposg the

samgling and-tests to be used and these shall be approved. The manufacturer shall| also
estalylish precess control over any new processes needed for manufacture to the new limits.

An application for an extension of capability shall be made in the same way as for the or{ginal
approvar.

5.6.14 Quality conformance inspection

The quality conformance test requirements are given in the detail specification and shall be
carried out in accordance with the specified quality assessment system (if any).

5.7 Rework and repair
5.7.1 Rework

Rework as defined in the specified quality assessment system (if any) shall not be carried out if
prohibited by the relevant sectional specification. The relevant sectional specification shall
state if there is a restriction on the number of occasions that rework may take place on a
specific component.
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All rework shall be carried out prior to the formation of the inspection lot offered for inspection
in accordance with the requirements of the detail specification.

Such rework procedures shall be fully described in the relevant documentation produced by the
manufacturer and shall be carried out under the direct control of the DMR. Rework shall not be
subcontracted.

5.7.2 Repair

Components that have been repaired as defined in the specified quality assessment system (if
any) shall not be released.

5.8 | Release for delivery
5.8.1] General
Components shall be released for delivery according to 5.5.6 and the. specified quality

assepsment system (if any) after the quality conformance inspection prescribed in the ¢etail
specffication has been carried out.

5.8.2 Certified records of released lots

When certified test records of released lots are prescribed«inthe relevant specificatiorn] and
are requested by a purchaser, the following information shalkbe given as a minimum.

nformation on attributes (i.e. number of cOmponents tested and numberg of
bnconforming components) for tests in the subgroups covered by periodic inspegction
ithout reference to the parameter for which rejection was made.

|
= =5

nformation on variables for the change ip voltage or in current after the endurancg test
specified in the sectional specification.

NOTE| For capability approval, the certified test, records refer only to tests carried out on capability-qualifying
compgnents.

5.8.3 Delayed delivery

Varidtors held for a period exceeding two years (unless otherwise specified in the sectional
specffication), following the release of the lot shall, before delivery, be re-examined for \isual
exanjination, solderability; varistor voltage and leakage current as specified in Group A|{or B
inspgction of the detail specification.

As the effect of change in varistor voltage or leakage current is dependent on the kind of
varisfor, its value and initial tolerance, the procedure adopted by the manufacturer's DMR to
ensufe that.the varistor voltage and/or leakage current requirement shall be approved.

The fe=examination procedure adopted by the manufacturer's DMR shall be approved.

Once a lot has been satisfactorily re-inspected, its quality is re-assured for the specified period.

5.8.4 Release for delivery before the completion of Group B tests

When the conditions of IEC 61193-2 for changing to reduced inspection have been satisfied for
all Group B tests, the manufacturer is permitted to release components before the completion
of such tests.

5.9 Alternative test methods

The test and measurement methods given in the relevant specification are not necessarily the
only methods that can be used. However, any alternative methods that the manufacturer uses
shall give results equivalent to those obtained by the methods specified.
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In case of dispute, for referee and reference purposes, only the specified methods shall be
used.

5.10 Unchecked parameters

Only those parameters of a component that have been specified in a detail specification, and
which were subject to testing, can be assumed to be within the specified limits.

It cannot be assumed that any parameter not specified will remain unchanged from one
component to another. If it is necessary, for any reason, to control one or more additional
parameters, then a new, more extensive, specification shall be used.

The

additional test method(s) shall be fully described and appropriate limits, AQLsS

inspdction levels specified.

5.11| Characteristics and parameters for application reference

The
for

plication reference that are needed by users, but shall not beYiecessarily requir

inspgction procedures, such as voltage vs. current characteristicy,"maximum peak cy
derafing characteristic, thermal resistance and abnormal overyoltage withstanding dur

The
Ann

est/measurement methods for these characteristics and parameters are recommend
gx C.

5.12| Technology approval procedures

5.12[1 General

Tec

hnology approval of components covers the complete technological process. It extend

exist|ng concepts — qualification and capability approval — by adding as mandatory:

a)
b)
c)
d)

e)

the use of in-process control methods, for example, SPC;
cpntinuous quality improvement strategy;

onitoring the overall technolagies and operations;

pfrocedural flexibility due~to'the quality assurance management system and market s
requirements;

the acceptance of-asmanufacturer's operational documentation to provide means for
proval or extensien of approval.

5.122 Eligibiity for technology approval

The

manufaeturer shall comply with the specified quality assessment system (if any).

5.12 3\SApplication of technology approval

The

and

anufacturers of the varistors shall provide users with the characteristics and paramgters

ed in
rrent
tion.
din

s the

ector

rapid

manufacturer shall comply with the specified quality assessment system (if any).

5.12.4 Description of technology

The technology shall be described in a technology approval declaration document (TADD) and
a technology approval schedule (TAS) in accordance with the specified quality assessment
system (if any).

5.12.5 Demonstration and verification of the technology

The manufacturer shall demonstrate and verify the technology in accordance with the specified

qua

lity assessment system (if any).
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5.12.6 Granting of technology approval

Technology approval shall be granted when the procedures in accordance with the specified
guality assessment system (if any) have been completely satisfied.

5.12.7 Maintenance of technology approval

Technology approval shall be maintained by complying with the requirements of the specified
guality assessment system (if any).

5.12.8 Quality conformance inspection

The puality conformance test and requirements shall be carried out in accordance with the
detail specification and technology approval schedules.

5.12/9 Failure rate level determination

The |determination of failure rate level and certification shall be described in the ¢etalil
specffication.

5.12[10 Outgoing quality level

The glefinition shall be agreed between the customer and themanufacturer.

6 Test and measurement procedures

6.1 | General

The gectional and/or blank detail specificatipnis shall contain tables showing the tests tp be
madd, which measurements are to be made-before and after each test or subgroup of {ests,
and the sequence in which they shall be-carried out. The stages of each test shall be cgrried
out ip the order written. The measuring conditions shall be the same for initial and |final
meagurements.

If nafional specifications withinc-any quality assessment system include methods other |than
thos¢ specified in the above dacuments, they shall be fully described.

1A%

The issue and amendment status of any IEC 60068 test in this Clause is given in Clause

6.2 | Standard,atmospheric conditions

6.2.1 Standard atmospheric conditions for testing

Unlegsé.otherwise specified, all tests and measurements shall be made under standard

atmosphercrcondiionsiortestingasgivenin4d3-oHEC B50068-1-2013-
Temperature: 15°Cto 35 °C

Relative humidity: 25% to 75 %

Air pressure: 86 kPa to 106 kPa

Before the measurements are made, the varistor shall be stored at the measuring temperature
for a time sufficient to allow the entire varistor to reach this temperature. The same period as
is prescribed for recovery at the end of a test is normally sufficient for this purpose.

When measurements are made at a temperature other than the specified temperature, the
results shall, when necessary, be corrected to the specified temperature. The ambient
temperature during the measurements shall be stated in the test report. In the event of a
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dispute, the measurements shall be repeated using one of the referee temperatures (as given
in 6.2.3) and such other conditions as are prescribed in this specification.

When tests are conducted in a sequence, the final measurements of one test may be taken as
the initial measurements for the next test.

During measurements, the varistor shall not be exposed to draughts, direct sun rays or other
influences likely to cause error.

6.2.2 Recovery conditions

Unless otherwise specified, recovery shall take place under the standard atmospheric
condjtions for testing (see 6.2.1). If recovery has to be made under closely contiolled
condjtions, the controlled recovery conditions of 4.4.1 of IEC 60068-1:2013 shall be used.

6.2.3 Referee conditions

For referee purposes one of the standard atmospheric conditions for referee tests taken|from
4.2 of IEC 60068-1:2013, as given in Table 1, shall be chosen.

Table 1 — Standard atmospheric conditions

Temperature Relative humidity Air pressure
°C % kPa
20+ 1 63 to 67 86 to 106
23+ 1 48 to 52 86 to 106
25+ 1 48 to, 52 86 to 106
27+ 1 63.to 67 86 to 106

6.2.4 Reference conditions

For neference purposes, the standard atmospheric conditions for reference given in 4.1 of
IEC §0068-1:2013 apply:

Temperature: 20 °C
Air ptessure: 101,3"kPa

6.3 | Drying and‘recovery
6.3.1 General

Whelfe<drying is called for in th

measurementis-made
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6.3.2 Procedure |

For 24 h £ 4 h in an oven at a temperature of 55 °C £ 2 °C and relative humidity not exceeding
20 %.

6.3.3 Procedure Il

For 96 h £ 4 hin an oven at 100 °C + 5 °C.

The varistor shall then be allowed to cool in a desiccator using a suitable desiccant, such as
activated alumina or silica gel, and shall be kept therein from the time of removal from the oven
to the beginning of the specified tests.


https://iecnorm.com/api/?name=c9bd29ceca019d9eb4360d7157ca9671

6.4

6.4.1

- 28 — IEC 61051-1:2018 © IEC

Visual examination and check of dimensions

Visual examination

2018

The condition, workmanship and finish shall be satisfactory as checked by visual examination.

6.4.2

Marking

Marking shall be legible, as checked by visual examination. It shall conform to the requirements
of the detail specification.

6.4.3

The
chec

Whe

6.4.4

All d
with

6.5

Dimensions (gauging)

dimensions indicated in the detail specification as being suitable for gauging shg
ked, and shall comply with the values prescribed in the detail specification.

h applicable, measurements shall be made in accordance with IEC 60294 jor IEC 6071

Dimensions (detail)

mensions prescribed in the detail specification shall be chegked and they shall cd
he values prescribed.

General requirements for electrical tests

The fest and measurement shall be made with the varistors being mounted in ways as the

in no
cond

Sam
secti

Unle
in pal
the li

NOTE
can b
relatig

Unle
error

Pulsg
pres(

rmal use, and being fixed in uncontaminated.carrosion-resistant clamps to achieve
Lictive connections.

ble size and sampling method shall bein accordance with the requirement specified i
bnal or detail specification.

5s otherwise specified, measurement shall be made in two directions. The rates of ch
ameters in both directions after the test from the initially measured values shall be
its prescribed in in the sgctional or detail specification.

For varistors used in DC circuits, measurement of parameters and examination of the change of para
e made in the one direetion as specified in the detailed specification on condition that there exists a d
nship between the direction of the test pulse and the direction of the continuous DC voltage.

Es otherwise ‘specified, the accuracy of the measuring equipment shall be such th3
does not€xceed 10 % of the tolerance.

b tests shall be made with the pulse waveform parameters complying with the
ribed’ in Annex B of this specification.

Il be

mply

y are
good

n the

ange
vithin

heters
efinite

t the

imits

Many of the pulse tests in this specification involve high voltage and high current, which are
inherently hazardous. The safeguard for testing personnel and property are essential, such as:

— not to expose personnel with electrical prosthetic devices, including implanted pacemakers,
to the immediate environment of a pulse test;

— maintain good and safe protection grounding to the pulse test system,;

— varistors under test shall be enclosed in a closed test cell during pulse discharge.

In order to achieve correct measurements under pulse conditions, the following precautions

shall

be taken:

a) the pulse current and voltage shall be measured by a device that has passed the approval

p

rocedure described in IEC 60060-2;
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b) "four-termination-connection" (Kelvin connection) should be used to make connections
between varistor under test, pulse generator, and measuring devices, so that the influence
of the impedance of connecting wires and contact resistance are avoided as much as
possible;

c) the pulse current may induce appreciable voltage in the pulse measuring circuit, causing
significant errors. In order to diminish the errors, the pulse voltage divider and pulse current
monitor shall be placed in a proper position and direction, which are found by trial and error.

As a check, it is therefore recommended that the lead that normally joins the voltage divider to
the live end of the test object be disconnected from this point and connected instead to the
earthed end of the test object, but maintaining approximately the same loop. The voltage
meagured under this condition, when the generator Is discharged, shall be neglgifle in
comparison with the voltage across the test object, at least during the part of the pulse that is of
impoftance for evaluating the test results.

6.6 | Varistor voltage

A copstant-current power supply of specified DC current (normally 1 mA) with a regulation
accufacy of not less than = 10 %, shall be used. The ripple of the outputDC voltage shall bje not
more|than 1 %.

The yalue of varistor voltage shall be read at the time specified\in the detail specification|after
the tg¢st current is applied. Unless otherwise specified, the test.duration shall not be less|than
20 ms. Additionally, the test duration shall not be too long.in order to avoid a thermal effect
wher] the temperature of the varistor rises appreciably during measurement.

The fest duration of varistor voltage depends mainly on the electrode area of the vafistor
elempnt, the larger the electrode area, the longerthe test duration if other conditions rgmain
the game. Appropriate test duration of varistop,voltage can be found by trial for each type of
varisfors and shall be prescribed in the detailspecification.

The @ccuracy of the voltmeter shall bex-0,5 %.

The measured value shall be within the limits specified in the detail specification or specified in
the cpntract.

NOTE| Two successive meastrements sometimes give slightly different outcomes, usually the first is less thpn the
seconf; unless otherwise specified, the first is taken.

6.7 | Leakage current

A copstant-veltage power supply of maximum continuous DC voltage Upcy = 0,5 % shall be
used| The ripple of DC voltage shall be not more than 1 %.

The Jeakage current of the varistor is highly temperature sensitive. The varistors shdll be
maintained in the environment of the specified temperature for a specified period given in the
detail specification before the leakage current test is carried out.

The value of leakage current shall be read at the time specified in the detail specification after
the test voltage is applied. Unless otherwise specified, the time shall not be less than 100 ms.
Additionally, the test duration shall not be too long in order to avoid a thermal effect when the
temperature of the varistor rises appreciably during measurement.

The test duration of leakage current depends mainly on the electrode area of the varistor
element, the larger the electrode area, the longer the test duration if other conditions remain
the same. Appropriate test duration of leakage current can be found by trial for each type of
varistors and shall be prescribed in the detail specification.

The accuracy of the microammeter shall be not more than £ 1 % = 0,1 pA.
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The measured leakage current shall be not more than the specified value given in the detail
specification.

6.8 Capacitance

The measurements are taken in normal conditions at the sinewave signal of frequency and at
the signal level prescribed in the detail specification. Unless otherwise specified, the frequency
shall be 1 kHz and the signal level <1 V RMS with no DC bias.

For varistor samples on which any other electrical test has been performed before this test,
measurement of capacitance shall be made on samples that have been allowed to recover for at
least[48 h after any other electrical test or have recovered in compliance with 6.3.2.

The measured capacitance shall comply with the value given in the detail specificationitaking the
tolerance into account.

NOTE| Properties of varistors depend on the frequency, arising from their capacitance.
6.9 | Voltage proof (for insulated varistors only)
6.9.1] General

The fest shall be conducted using one of the following three /mounting methods, as prescribed
in thel detail specification.

6.9.2 V-block method

The yaristor shall be clamped in the trough of ax90° metallic V-block of such size that the
varisfor body does not extend beyond the extremities of the block. The clamping force |shall
be sych as to guarantee adequate contact between the varistor and the block. The clamping
force|is to be chosen in such a way that no destruction or damage to the varistor occurs| The
varisfor shall be positioned in accordanceg,with the following:

— fqr cylindrical varistors: the varistor shall be positioned in the block so that the terminjation
fyrthest from the axis of the varistor is nearest to one of the faces of the block;

— fqr rectangular varistors:the varistor shall be positioned in the block so that the termination
parest to the edge of the“varistor is nearest to one of the faces of the block.

>

For dylindrical and rectangular varistors with axial leads: any out-of-centre positioning qf the
point|of emergence (ofjthe terminations from the body shall be ignored.

6.9.3 Metaliball method

The Wininsulated parts of the varistor shall be enclosed in an insulating material having al very
high [nsulation value.

The complete varistor shall be placed in a container holding 1,6 mm £ 0,2 mm diameter metal
balls such that only the terminations of the varistor are protruding. An electrode shall be inserted
between the metal balls.

6.9.4 Foil method

A metal foil shall be wrapped closely around the body of the varistor.

For varistors not having axial terminations, a space of 3 mm to 3,5 mm shall be left between the
edge of the foil and each termination.

For varistors having axial terminations, the foil shall be wrapped around the whole body of the
varistor protruding by at least 5 mm from each end, provided that the minimum space of 3 mm
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between the foil and the termination can be maintained. The ends of the foil shall not be folded
over the ends of the varistor.

The applied voltage shall be that specified in the applicable safety document. In the absence of
a safety document, the applied voltage shall be as follows.

An alternating voltage with a frequency of 40 Hz to 60 Hz and with a peak value of 1,4 times the
isolation voltage specified in the detail specification shall be applied for 60 s £ 5 s (with a peak
value of 1,4 times) between all terminations of the varistor connected together as one pole and
the metallic balls, the metal foil or the V-block as the other pole.

The yoltage shall be applied gradually at a rate of approximately 100 V/s. The test time mJay be
reduged to 1 s provided the test voltage is increased by 20 %.

There shall be no breakdown or flashover.

6.10| Insulation resistance (for insulated varistors only)
6.10[1 Test procedure

The fest shall be performed using one of the methods specified in 6.9, as prescribed in the
detail specification.

6.102 Measurement and requirements

The Jinsulation resistance shall be measured withJa”direct voltage of 100 V = 15 \f (for
U,sol< 500 V) or 500 V £ 50 V (for U;go > 500 V) between both terminations of the vafistor
connpcted together as one pole and the metalliciballs, metal foil or V-block as the other pole.

The Voltage shall be applied for 1 min, or for such shorter time as is necessary to obtpin a
stable reading, the insulation resistancezbeing read at the end of that period.

When varistors are measured as specified, the insulation resistance shall be not less thah the
appropriate figure specified in the-detail specification.

There shall be no breakdown or flashover.

The [measured insutation resistance shall be not less than that prescribed in the detail
specffication.

6.11| Clamping voltage

The fest pulse shall be of 8/20 waveform (see Annex B) with the peak value of + 5 % qf the
clasq current specified in the detail specification.

The initial voltage overshoot resulting from capacitive charging of the varistor and time lag of
the resistive current of the varistor shall be excluded from the clamping voltage. The clamping
voltage shall be the maximum voltage on the voltage oscillogram in the time range between the
valley point of the initial voltage overshoot and the instant at which the current peak occurs.
Oscillations in the neighbourhood of the valley is tolerated provided that their single-peak
amplitude is not more than 5 % of the peak value. In that case, a mean curve shall be drawn
through the oscillation for clamping voltage determination. The complete time for voltage
oscillogram observation shall be 100 us, and there shall be no any evidence of breakdown,
flashover, or abnormal oscillation.

The measured clamping voltage shall be not more than the value prescribed in the detail
specification.
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6.12 ESD clamping voltage (for surface mount electrostatic protective varistors only)

The samples of SMVs used for electrostatic protection shall be subjected to the contact ESD
test as specified in the detail specification. Unless otherwise specified, the EDS clamping
voltage shall be measured at 30 ns after initiation of the 30 A/8 kV pulse defined in Table 3 and
Figure 2 of IEC 61000-4-2:2008.

The measured ESD clamping voltage shall be not more than that prescribed in the detail
specification.

6.13 Maximum peak current

6.13J1 Initial measurement

Befofe the pulse test, the varistor voltage and the clamping voltage shall be measured forjeach
sample in accordance with 6.6 and 6.12 in this specification.

6.132 Test procedure

After|the initial measurement is made, the samples shall be subjectedyto the pulses with|their
wavgform, number and time interval of applications specified in the-detail specification. Upless
othenwise specified, the application of pulses shall be unidirectional.

In th¢ case of the combination pulse test, the peak currentor the open circuit voltage anfd the
effective output impedance of the combination pulse shall comply with the values specified in
the detail specification. Unless otherwise specified, the tolerance of the peak current dr the
open|circuit voltage of the combination pulse is + 10%.

The varistor samples shall then remain under standard atmospheric conditions for recovefy for
not Ig¢ss than 1 h nor more than 2 h.

6.1383 Final inspection, measurement and requirements

After| recovery, the varistor voltage”and the clamping voltage shall be measured for [each
samgple. For all tested samples,the following shall apply:

sual examination shall show no cracks or other damage to the encapsulation;

sual examination.shall show no evidence of breakdown and/or flashover on any part ¢f the
hmple;

%
%
S
— after the pulse'test, the varistor voltage shall not deviate by more than 10 % from the [nitial
value measured in the same direction;

a

ter the\pulse test, the clamping voltage shall not increase by more than 10 % from the
infitialC value measured in the same direction (a decrease in the clamping voltage is
permiissible).

NOTE Sometimes, it is difficult to find the trace of breakdown and/or flashover on the sample just by visual
examination. An oscilloscope that records the test pulse curve can be used to assist the inspection.

6.14 Rated average dissipation power
6.14.1 General

The compliance of the rated average dissipation power specified in the detail specification shall
be verified with repetitive current pulses whose waveform and peak value shall be prescribed in
the detail specification. Unless otherwise specified, the waveform of the current pulse shall be
8/20 (see Annex B) and its chosen peak value is the same as the maximum peak current for
10 000 pulses of 8/20 waveform.
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6.14.2 Initial measurement

Before the test, the varistor voltage and the clamping voltage shall be measured for each
sample in accordance with 6.6 and 6.12 in this specification.

In order to determine the time interval between the adjacent pulses At, a varistor sample whose
clamping voltage is preferably the lowest among samples shall be subject to one specified
pulse as in the detail specification, the peak current Iy (A) and the limiting voltage U, (V) at Iy
passing through the sample shall be measured during the pulse. At shall be derived from the
following formula.

-6
z-15-Up 10
R

At = (s) (5)
wherp
P\ is the rated average dissipation power specified in the detail specification.

7 i the measured equivalent rectangular pulse duration of the test-pllse (see 3.19).

6.143 Test procedure

After| the initial measurement is made, the samples shall be{subjected to the current pulse
whode waveform and peak value are prescribed in the detail specification, at the time interval
as determined in 6.15.2 for 10 000 times. The pulse polarity shall be alternated after every
50 puilses.

The yaristor samples shall then remain under stagdard atmospheric conditions for recovery for
not lgss than 1 h nor more than 2 h.

6.144 Final inspection, measurementiand requirements

After| recovery, the varistor voltage. and the clamping voltage shall be measured for |[each
sample. For all tested samples, the-following shall apply:

sual examination shall show no cracks or other damage to the encapsulation;

v

— vijsual examination shall show no evidence of breakdown and/or flashover on any part ¢f the
sample;

after the test, thé varistor voltage shall not deviate by more than 10 % from the initial yalue
measured in the same direction;
a
in

ter the pulse test, the clamping voltage shall not increase by more than 10 % from the
itial value measured in the same direction (a decrease in the clamping voltage is
permissible).

NOTEL_Sametimes it is difficult to find the trace of breakdown and/or flashover on the camplp jIIQf by lvisual
examination. An oscilloscope that records the test pulse curve can be used to assist the inspection.

6.15 Rated energy
6.15.1 General

The compliance of the rated energy specified in the detail specification shall be verified with the
current pulse whose waveform is prescribed in the detail specification. Unless otherwise
specified, the current pulse shall be of 2 ms rectangular waveform or 10/1 000 waveform
(see Annex B).

6.15.2 Initial measurement

Before the test, the varistor voltage and clamping voltage shall be measured for each sample in
accordance with 6.6 and 6.12 in this specification.
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In order to determine the peak test current I to be applied to the samples, a varistor sample
whose clamping voltage is preferably the lowest among samples shall be subject to one pulse
with the waveform as specified as in the detail specification, with the peak current |, calculated
by Formula (6). During the pulse, the limiting voltage Uy atl, passing through the sample shall
be measured.

E
ly =——" (6)
UcL 7
where
Ey |is the rated energy specified in detail specification, expressed in J;
UL | is the measured clamping voltage of the sample, expressed in V;
T is the measured equivalent rectangular pulse duration of the test pulse used-(see 3.19) or
T+ of the rectangular wave (see Annex B), expressed in s.
It is determined by the following formula.
Em
IT=3 )
pt

6.153 Test procedure

After|the initial measurement is made, every sample_shall be subjected to one current pulse
with the waveform specified in the detail specificationvand with peak value preset at I;] The
actual peak current 1, and the actual limiting voltage U, at 1, passing through the sample|shall
be measured during the pulse. The actual energy E, absorbed by each sample is calculated by
the following formula.

EAZIA'UA.T (8)

The yaristor samples shall then remain under standard atmospheric conditions for recovery for
not Ig¢ss than 1 h nor more than'2 h.

6.154 Final inspection, measurement and requirements

After| recovery, the(varistor voltage and the clamping voltage shall be measured for |jeach
sample. For all test samples, the following shall apply:

sual examination shall show no cracks or other damage to the encapsulation;

v
— vjsualexamination shall show no evidence of breakdown and/or flashover on any part ¢of the
sample;

— theactuatenergy absorption £, of the sampte shattbe no fess tharm the specified vatue in
the detail specification;

— after the test, the varistor voltage shall not deviate by more than 10 % from the initial value
measured in the same direction;

— after the test, the clamping voltage shall not increase by more than 10 % from the initial
value measured in the same direction (a decrease in the clamping voltage is permissible).

NOTE Sometimes, it is difficult to find the trace of breakdown and/or flashover on the sample just by visual
examination. An oscilloscope that records the test pulse curve can be used to assist the inspection.
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6.16 Electrostatic discharge (ESD) (for surface mount electrostatic protective varistors

6.16.

only)

1 Initial measurement

Before the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

6.16.

2 Test procedure

After the initial measurement is made, samples shall be subjected to the ESD test. The ESD test
method selection, test voltage and number of discharges shall be specified in the detail

spec
disch

Unle

10 unidirectional discharges with a time interval of 1 s, and the air discharge\test sha

perfg

The

not l¢ss than 1 h nor more than 2 h.

6.16

After
folloy

-V

- th
s

6.17
6.17.

The
appli

6.17

The force applied shalt-be:

- fd
- fd

6.17.

3 Final inspection, measurement and requirements

2 Test Ua, — Tensile

arge method or by the air discharge method.

Es otherwise specified, the contact discharge test shall be performed at 8 (1&.,5 %) K

rmed at 15 (1 £ 5 %) kV for 10 unidirectional discharges with a time intérval of 1 s.

aristor samples shall then remain under standard atmospheric conditions for recove

recovery, varistor voltage shall be measured for each-Sample. For all tested sampleq
ving shall apply:

sual examination shall show no evidence of flashover or puncture of the samples;

e varistor voltage shall not deviate by more than the value prescribed in the
becification from the initial value measured, in the same direction.

Robustness of terminations
1 General

varistors shall be subjected to Tests Ua;, Ub, Uc and Ud of IEC 60068-2-21:20(
cable.

r terminations other than wire terminations: 20 N;

r wire terminations, see Table 2.

3 /,Test Ub — Bending (half of the number of terminations)

ntact

\ for
Il be

'y for

, the

letail

6 as

Method 1, two consecutive bends shall be applied in each direction. This test shall not apply if,
in the detail specification, the terminations are described as rigid.

6.17.

Meth

4 Test Uc — Torsion (the other half of the number of terminations)

od 1, severity 2 (two successive rotations of 180°) shall be used.
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Table 2 — Force for wire terminations

Nominal cross sectional Corresponding diameter for Force
area circular sectionwires
mm? mm N
S < 0,05 d < 0,25 1
0,05 <S < 0,10 0,25 <d < 0,35 2,5
0,10 <S <0,20 0,35 <d < 0,50 5
0,20 <S < 0,50 0,50 <d < 0,80 10
0,50 <53 <1.20 0,80 <d < T,25 20
1,20 <S 1,25 <d 40

This ftest shall not apply if, in the detail specification, the terminations are described as figid,
and o components with unidirectional terminations designed for printed wiring applications.

6.17/5 Test Ud — Torque (for terminations with threaded studs.of screws and for

The forque applied shall be chosen from Table 3.

integralmounting devices)

Table 3 — Torque

Nominal thread diameter mm 2,6 3 3,5 4 5 6)

Torque (Nm)

Severity 1 0,4 0,5 0,8 1,2 2,0 2,p
Severity 2 072 0,25 0,4 0,6 1,0 1,7

[¢)]

6.17)6 Visual examination

After[recovery, the varistors shall be visually examined. There shall be no visible damage

6.17)7 Final measurement

The
meagured value shall not exceed the limits prescribed in the detail specification.

6.17)8 Robustness of terminations of surface mount varistors

6.17 8.4~ “Initial measurement

aristor voltage shall be measured as prescribed in 6.6, and the change from the injtially

Before the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

6.17.8.2 Test procedure

The varistors shall be subjected to Test Ue of IEC 60068-2-21:2006. The detail specification
shall specify the following details:

a)
b)

c)
d)
e)

applicable test method(s) (see 8.2 of IEC 60068-2-21:2006);

type and dimensions (thickness and additional detail) of the substrate
(IEC 60068-2-21:2006, 8.2);

shape and dimensions of the solder lands on the substrate (IEC 60068-2-21:2006, 8.3.1);
method of mounting if other than given in 8.3.2 and 8.3.3 of IEC 60068-2-21:2006;
type of solder alloy (IEC 60068-2-21:2006, 8.3.3a));
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use of solder paste with the addition of silver (IEC 60068-2-21:2006, 8.3.3a) 1-2));
viscosity of the specified solder paste (IEC 60068-2-21:2006, 8.3.3a) 2));

conditions of preconditioning the samples (IEC 60068-2-21:2006, 8.3.3b) 3));

conditions of preheating (IEC 60068-2-21:2006, 8.3.3d));

method of cleaning (IEC 60068-2-21:2006, 8.3.3¢) 5));

dwell time between soldering and testing (IEC 60068-2-21:2006, 8.4, 8.5.2.2 and 8.5.3.2);

if the bending test (Ue,) is specified, the depth of the bend and time of remaining bent, if
other than 20 s, and any required monitoring (IEC 60068-2-21:2006, 8.5.1.2);

dius of bending tool, if other than 5 mm, for test Ue; (IEC 60068-2-21:2006, 8.5.1.2),
e¢st method for test Ue, (pull-off or push-off) (IEC 60068-2-21:2006, 8.5.2.2),
method of attachment of the wire for test Ue, (pull-off) (IEC 60068-2-21:2006; 8.5.2.2|1),

gading condition (pulling or pushing force and direction) if other than”as specifigd in
8,5.2.2.1 and 8.5.2.2.2, IEC 60068-2-21:2006;

radius of pushing tool, if other than 0,5 mm, for test Ue, (push-off) {EC 60068-2-21:2006,
8.5.2.2.2);
t

e pushing tool, point of contact between the sample and pushing tool and the type of
cpntact, for test Ue; (shear test) (IEC 60068-2-21:2006, 8.5.3.2);

pulling or pushing force if other than 10 N for test Ue, (pull-off or push-off), pushing fofce if
other than 5 N, for test Ue; (shear test) (IEC 60068-2-21:2006, 8.5.2.2.1, 8.5.2.2.4 and
8,5.3.2);

recovery condition (IEC 60068-2-21:2006, 8.6.1);

indication as to whether the climatic “sequence test (6.24) should be |used
(IEC 60068-2-21:2006, 8.6.4);

ceptable rate of change in varistor.voltage after test.

I

—

After|recovery, the samples shalf be visually examined. There shall be no removal or split ¢f the

termination or visible mechanical damage.

The

aristor voltage shallbe measured for each sample as prescribed in 6.6, and the chlange

from| the initially measured value shall not exceed the limits prescribed in the detail

specffication.

6.18| Resistance to soldering heat

6.18[1 , Preconditioning

Wherrprescribed by the Tetevant specification the varistors strattbedried usingtheprocedures

in 6

The

3.

varistors shall be measured as prescribed in the relevant specification.

6.18.2 Test procedure

Unless otherwise stated in the relevant specification, one of the following tests as set out in the
same specification shall be applied.

The

test conditions including but not limited to the solder’'s alloy composition and the

corresponding test temperature shall be defined in the relevant specification.
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a) For all varistors except those of item b) and c¢) below: IEC 60068-2-20:2008, Test Tb,
method 1 (solder bath).

b) For varistors not designed for use in printed boards, but with connections intended for
soldering as indicated by the detail specification:
1) IEC 60068-2-20:2008, Test Th, method 1 (solder bath)
2) IEC 60068-2-20:2008, Test Th, method 2 (soldering iron)

c) For surface mount varistors:
IEC 60068-2-58:2015, Test Td,, method 1 (solder bath) or method 2 (reflow).

6.18 3—Recovery

The period of recovery shall, unless otherwise specified by the detail specification, be.no
than [L h nor more than 2 h, except for surface mount varistors, for which the period of rec
shalllbe 24 h + 2 h.

6.184 Final inspection, measurement and requirements

For gll varistors, except surface mount varistors, the following shall apply.

Surfgce mount varistors shall be visually examiné€d)'and measured and shall mee
requirements as prescribed in the relevant specification.

6.19| Solderability
6.19/1 General

The 1

Unless otherwise stated in~the relevant specification, the test shall be carried out
non-activated flux.

NOTE| Not applicable to_those terminations which the detail specification describes as not designed for soldg
6.192 Test procedure

Unless otherwise stated in the relevant specification, one of the following tests as set out i
samg specification shall be applied.

The

When the test has been carried out the varistors shall be visually examined.
There shall be no visible damage and the marking shall bgegible.
The varistors shall then be measured as prescribed in the relevant specification.

less
bvery

the

elevant specification shall prescribe whether ageing is to be applied. If accelerated ageing
is required, one of the ageing procedures given in IEC 60068-2-20 shall be applied.

with

ring.

n the

corresponding test temperatures, shall be defined in the relevant specification.

a) For all varistors except those of item b) and c) below:

1) IEC 60068-2-20:2008, Test Ta, method 1 (solder bath).

Depth of immersion (from the seating plane or component body):

2,0 mm, using a thermal insulating screen of 1,5 mm = 0,5 mm thickness.
2) IEC 60068-2-20:2008, Test Ta, method 2 (soldering iron).

3) IEC 60068-2-69, solder bath wetting balance method or solder globule wetting bal
method

ance

b) For varistors not designed for use in printed boards, but with connections intended for

soldering as indicated by the detail specification:
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1) IEC 60068-2-20:2008, Test Ta, method 1 (solder bath).
Depth of immersion (from the seating plane or component body): 3,5 mm.
2) IEC 60068-2-20:2008, Test Ta, method 2 (soldering iron).
c) For surface mount varistors:
1) IEC 60068-2-58:2015, Test Td,, method 1 (solder bath) or method 2 (reflow).
2) IEC 60068-2-69:2017, Annex B and Annex C.

6.19.3 Final inspection, measurements and requirements

hall ha avaminad for ~
oo et e oo g

The termin of-the-splder

with wetting of the terminations.
The yaristors shall meet the requirements as prescribed in the relevant specification.

6.20| Rapid change of temperature
6.20[1 Initial measurement

Befofle the test, the varistor voltage shall be measured for each samplé in accordance with 6.6 in
this gpecification.

6.202 Test procedure

The aristors shall be subjected to Test Na of IE€C60068-2-14:2009 for five cycles.| The
durafion of the exposure at each of the extremes oftemperature shall be 30 min.

The yaristors shall then remain under standard-atmospheric conditions for recovery for nof less
than (1 h nor more than 2 h.

6.203 Final inspection, measuremghnt and requirements

After[recovery, the varistors shall be-visually examined. There shall be no visible damage and
the mparking shall be legible.

The Yaristor voltage shall be measured as prescribed in 6.6, and the change from the injtially
meagured value shall net\exceed the limits prescribed in the detail specification.

6.21| Shock
6.21J1 Initial‘'measurement

Befofe the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

6.21.Z Test procedure

The varistor shall be mounted as indicated in the relevant specification.

The varistors shall be subjected to Test Ea of IEC 60068-2-27:2008 using the degree of
severity prescribed in the detail specification.

The number of shocks shall be prescribed in the detail specification according to Clause 5 of
IEC 60068-2-27:2008.

6.21.3 Final inspection, measurement and requirements

After recovery, the varistors shall be visually examined. There shall be no visible damage.
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The varistor voltage shall be measured as prescribed in 6.6, and the change from the initially
measured value shall not exceed the limits prescribed in the detail specification.

6.22 Vibration
6.22.1 Initial measurement

Before the test, the varistor voltage shall be measured for each sample in accordance with 6.6 in
this specification.

6.22.2 Test procedure

The yaristor shall be mounted as indicated in the relevant specification.

Unless otherwise prescribed by the detail specification the varistors shall be subjected to| Test
Fc off IEC 60068-2-6:2007 using the degree of severity prescribed in the detailspecificatipn.

6.223 Final inspection, measurement and requirements

After[recovery, the varistors shall be visually examined. There shallbe’no visible damage].

The Yyaristor voltage shall be measured as prescribed in 6.6, and’'the change from the injtially
meagured value shall not exceed the limits prescribed in the detail specification.

6.23| Climatic sequence
6.23[1 General

In th¢ climatic sequence, an interval of maximym'3 days is permitted between any of the {ests,
except that the cold test shall be applied imniediately after the recovery period specified fgr the
first ¢ycle of the damp heat, cyclic, Test Dh.

6.232 Initial measurement

Befofle the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

6.233 Dry heat

The paristors shall be subjected to Test Bb of IEC 60068-2-2:2007 at the upper catggory
templerature for a duration of 16 h.

6.234 Damp)heat, cyclic, Test Db, first cycle

The yvaristors shall be subjected to Test Db of IEC 60068-2-30 for one cycle of 24 h, usjng a
temperature of 55 °C (Severity b), Variant 1.

6.23.5 Cold

The varistors shall be subjected to Test Ab of IEC 60068-2-1:2007 at the lower category
temperature for a duration of 2 h.

6.23.6 Low air pressure

a) The varistors shall be subjected to Test M of IEC 60068-2-13:1983 using the degree of
severity prescribed in the detail specification.

b) The test shall be carried out at a temperature of between 15 °C and 35 °C. The duration of
the test shall be 1 h.
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6.23.7 Damp heat, cyclic, Test Db, remaining cycles

The varistors shall be subjected to Test Db of IEC 60068-2-30 for the following cycles of 24 h
as indicated in Table 4, at a temperature of 55 °C (Severity b), Variant 1.

The

1 h nlor more than 2 h.

6.23/8 Final inspection, measurement and requirements

Afte
the

The

meagured value shall not exceed the limits prescribed in the detail specification.

The insulation resistance shall be not less thap that prescribed in the detail specification.
The yoltage proof test shall be performed.as prescribed in 6.9. There shall be no breakdo
flashpver.

6.24| Damp heat, steady state
6.24[1 Initial measurement

Befo

6.242 Test progcedure

The

sevefity cefresponding to the climatic category of the varistor as indicated in the
specffication.

The

Table 4 — Number of cycles

Categories Number of cycles
-/ -156 5
-/-121 1
~T—110 T
-/ —-104 0
-/-1/00 0

aristors shall remain under standard atmospheric conditions for recovery for not less

nparking shall be legible.

aristor voltage shall be measured as prescribed(in*6.6, and the change from the in

varistors~shall be subjected to Test Cab of IEC 60068-2-78:2012 using the degr

than

rirecovery the varistors shall be visually examined. Thergshall be no visible damage and

tially

ivn or

e the test, the varistor voltage shall be measured for each sample in accordance with 6.6.

be of
Hetail

varistors shall be divided into two groups.

a) The first group shall be subjected to this test without voltage applied.

b) The second group shall be subjected to the test and a DC voltage as prescribed in the

sectional or in the detail specification shall be applied.

The varistors shall remain under standard atmospheric conditions for recovery for not less than

1h

nor more than 2 h.

6.24.3 Final inspection, measurement and requirements

After recovery, the varistors shall be visually examined. There shall be no visible damage and

the

marking shall be legible.
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The varistor voltage shall be measured as prescribed in 6.6, and the change from the initially
measured value shall not exceed the limits prescribed in the detail specification.

The i

6.25

nsulation resistance shall be not less than that prescribed in the detail specification.

Fire hazard

The varistors shall be subjected to the needle flame test of IEC 60695-11-5.

The detail specification shall specify the following details:

a) aphy conditioning, if required or if different from that specified in Clause
IEC 60695-11-5:2016;

b) th
c) th

d) th
e) th

f) th
g) re

6.26

6.26.
a)

0 < -

b)

6.26,

S =g

e number of test samples, if not three;

e position of the sample; unless otherwise specified, the sample shall besmounted
brmal use;

e surface to be tested and the point of application; unless otherwiserspecified, the su
Xposed to the flame shall be the side surface;

e underlying layer to be used to evaluate the effect of burning.or glowing particles f
pm the test sample;

e duration of application of the test flame (t,);
quirements:

arrangements of the various parts, and shields and barriers inside the equipment;

requirements, or whether further criteriazshall be introduced,;
burning droplets or glowing parts falling down shall not ignite the underlying layer;
any deterioration of mechanical/électrical properties allowed.

Endurance at upper categefy temperature

1 Test system

est chamber: the temperature of the test chamber shall be maintained at the spe
alue with a toleranee of +2 K.

ower source: thetest voltage applied on the sample shall be of the specified value v
lerance of +0,5°%. The rated output current of the source shall be not less than 1 A
C voltagershall be of a substantially sinusoidal waveform (less than 5 % total harn
stortion):

? . (nitial measurement

o 1

B of

as in
rface

Alling

the permissible duration and extent of burning, considering the design and the

whether the criteria specified are sufficient to check compliance with the gafety

cified

ith a
The
honic

Befo
each

6.26.

o Al 1 % P Y L Al H L Lbaoll L
T U UuraturT tCot, e vAaiTstuT vuTtaytalu uarme Lidimmpiimy vuitayT SiTdin o 11T asuttT

sample in accordance with 6.6 and 6.12.

3 Mounting of the samples

d for

The varistor samples shall be held in position by their terminations to suitable clips on a rack of
insulating material.

The distance between two adjacent varistor samples is recommended not to be less than three
times the major dimension of their body.

There shall be no undue draught over the varistors. Only natural convection resulting from the
hot varistors is allowed.
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6.26.

4 Test procedure, measurement and requirements

a) The varistors shall be kept in the test chamber at a temperature equal to the upper category
temperature specified in the detail specification for 1 000 h (0, +24 h). The maximum
continuous DC or AC voltage, as prescribed in the detail specification, and taking account
of the temperature derating curve, shall be applied continuously throughout the endurance
test. An accidental interruption of the test voltage and/or the test temperature, not exceeding
24 h during the test period is permissible. The duration of interruption will not be counted in
the duration of the test.

b) After approximately 48 h, 500 h and 1000 h, the varistors shall be removed from the
chamber and allowed to cool under standard atmospheric conditions for recovery of 4 h

0,5 h

NPTE Checks after 48 h and/or 500 h are optional.

c) After recovery, the varistors shall be visually examined. There shall be no visible damage
d the marking shall remain legible.

d) Tlhe varistor voltage shall be measured as prescribed in 6.6, and the change from the injtially

easured value shall not exceed the limits prescribed in the detail specification.

e) After intermediate measurements, the varistors shall be returned-tojthe test chamber (not
applicable to the varistors checked after 1 000 h). The interval between the removal of any
vpristor from the chamber and its return to the conditions of test)shall not exceed 12 h.

f) After 1 000 h the varistor shall additionally be subjected to the following tests.

—| The clamping voltage shall be measured and shall<not exceed that prescribed in the
detail specification.

—| The insulation resistance shall be measured and.shall be not less than that prescribjed in
the detail specification.

6.27| Solvent resistance of marking

6.27[1 Test procedure

The pomponents shall be subjected~to Test XA of IEC 60068-2-45:1980 with the follgwing

details.

a) Holvent to be used: see 3:1:2 of IEC 60068-2-45:1980.

b) Holvent temperature: 23°C £ 5 °C.

¢) (Qonditioning: methgd:l (with rubbing).

d) Rubbing material:cotton wool.

e) Recovery timiesnot applicable, unless otherwise stated in the detail specification.

6.272 Reguirements

After|the test, the marking shall be legible.

6.28 Component solvent resistance

6.28.1 Initial measurements

The measurements prescribed in the relevant specification shall be made.

6.28.2 Test procedure
The components shall be subjected to Test XA of IEC 60068-2-45:1980 with the following
details:

Solvent to be used: see 3.1.1 of IEC 60068-2-45:1980.
Solvent temperature: 23 °C £ 5 °C, unless otherwise specified in the detail specification

Conditioning: method 2 (without rubbing).
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Recovery time: 48 h, unless otherwise stated in the detail specification.
6.28.3 Measurement and requirements

The measurements prescribed in the relevant specification shall be made and the specified
requirements shall be met.

6.29 Mounting (for surface mount varistors only)

An example of a mounting for surface mount varistors is shown in Figure 2.

Bimenstors—rrmittimetres

Glass-epoxy PWB 1,6 +0,19

- |
A\\\___;’______
g B 80 08d0 ]y
\z/zzzzzzzle 7
OA0 Q00000047 1
A A0 1A -
AN ANAANND DU AN A 7 1
0 1 2 3 4 5 6 7 8/9 10 a
2 - -
- 57,5 -

\\M

NN

A<
Wh_

2  Thlis conductor.may be omitted or used as a guard electrode

—
]

IEC

Figure 2 — Mounting method for measurement of surface mount varistors

Surfg
depe 6 tstra atetia atrormatty a1 6-mm'thick
epoxide woven glass fabric laminated printed board (as defined in IEC 61249-2-7,
IEC-EP-GC-CU) or a 0,635 mm alumina substrate and shall not affect the result of any test or
measurement. The detail specification shall indicate which material is to be used for the
electrical measurements.

cé/mount varistors shall be mounted on a suitable substrate, the method of mounting

O Vo O O o CHo1-

The substrate shall have metallized land areas of proper spacing to permit mounting of surface
mount varistors and shall provide electrical connection to the surface mount varistor terminals.
The details shall be specified in the detail specification.

If another method of mounting applies, the method shall be clearly described in the detail
specification.
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When the detail specification specifies wave soldering, suitable glue, details of which may be
specified in the detail specification, shall be used to fasten the component to the substrate
before soldering is performed.

Small dots of the glue shall be applied between the conductors of the substrate by means of a
suitable device securing repeatable results.

The surface mount varistors shall be placed on the dots using tweezers. To ensure that no glue
is applied to the conductors, the surface mount varistors shall not be moved about.

The

substrate shall be soldered in a wave soldering apparatus. The apparatus sha

adjugted to have a pre-heating temperature of 80 °C to 130 °C, a solder bath at 260 °C =
and & soldering time of 5s + 0,5 s.

The

The

$oldering operation shall be repeated once more (two cycles in total):

substrate shall be cleaned for 3 min in a suitablé solvent (see 3.1.

IEC §0068-2-45:1980).

Whe

requirements apply.

a)

b)

c)

d)

e)

f)

Tlhe solder used in preform or paste form shall be silver bearing (2 % minimum) eu
n/Pb solder together with a non-activated.flux as stated in IEC 60068-2-20. Altern
splders such as 60/40 or 63/37 may be used,on surface mount varistors whose constry
includes solder leach barriers. The Pb-ffee solder used in preform or paste form sha
n96,5-Ag3,0-Cu0,5 or derivative solder together with a flux as stated in IEC 60068-2

he surface mount varistor shall then'be placed across the metallized land areas of the
substrate so as to make contacthetween varistor and substrate land areas.

he substrate shall then be-placed in or on a suitable heating system (molten solde
plate, tunnel oven, etc.) ~The temperature of the unit shall be maintained between 21
d 260 °C, until the solder melts and reflows forming a homogeneous solder bond, b
npt longer than 10 s.

spbsequent handling shall be such as to avoid contamination. Care shall be takg
aintain cleanliness in test chambers and during post-test measurements.

he detail specification may require a more restricted temperature range.

apted.

lux shall be removed by a suitable solvent (see 3.1.3 of IEC 60068-2-45:1980).

C for

Il be
5°C

B of

W the detail specification specifies reflow soldering, thefollowing mounting procedure¢ and

ectic
ative
ction
ll be
-58.

b test

, hot
5°C
it for

All
en to

I vapour phase soldering is applied, the same method may be used with the temperatures
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Annex A
(informative)

Rules for the preparation of detail specifications for capacitors
and resistors for electronic equipment

2018

A.1 The drafting of a complete detail specification by IEC technical committee 40, if required,

shall

a) T

begin only when all the following conditions have been met.

he generic specification has been approved.

b)

sjx months rule.

c)

d) T
0
W
W
c

A.2

the gtandard or preferred values, ratings and characteristics and severities for environm

tests

Ane
techr

A.3
secti

he sectional specification, when appropriate, has been circulated for approval unde

he associated blank detail specification has been circulated for approval ywnder th
onths rule.

here is evidence that at least three national committees have formally.approved as

here a national committee formally asserts that substantial or-Significant use is
ithin its country of a part described by some other national standard, this assertion
bunt towards the foregoing requirement.

Detail specifications prepared under the responsibility of.technical committee 40 sha

etc., which are given in the appropriate generic or_sectional specifications.

ception to this rule may only be granted for asspecific detail specification when agre(
ical committee 40.

The detail specification shall not héccirculated under the six months rule unti
bnal and blank detail specifications have been approved for publication.

Wn national standard, specifications covering a component of closely similar perforance.

r the
e Six
their

ade
may

| use
ental

ed by

| the
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B.1

Annex B
(normative)

Test pulses used in this specification

Types of test pulses

B.1.1 General

Ther

pulsg type 3, as defined as follows.

B.1.9 Pulse type 1

This

o _are three types of test pulcpc used in this anpr‘ifir‘minn' pulcp type 1. pnlqp type 2 and

type has a shape that increases from zero to a peak value in a short timgyYand thergafter

decrg¢ases to zero either approximately exponentially or in the manner of a heavily damped sine
curve. This type is defined by the virtual front time T, and the virtual time, to half value T, The
wavgform of the pulse current type is denoted by T;/T,, in which\both T; and T, afe in
micrgseconds. The shape of pulse current type 1 and the shape of\pulse voltage type L are

shown in Figure B.1 and Figure B.2 respectively.

Ther
and |
of 1,

b are three test pulses used in this specification: 8/20 current pulse, 10/1 000 current pulse
|,2/50 voltage pulse. The combination pulse is the hybrid of an open-circuit voltage pulse
P/50 waveform and a short-circuit current pulse of-8120 waveform.

s A
5
(8]
20,9
B B
0,5
Lz i T> o
8'1 C \ Time (linear scale)
~ i
- = <20 %
X Ty \_/ °
T
- T - IEC

Virtual front time T,=1,25xT

Figure B.1 — Shape of pulse current type 1

B.1.3 Pulse type 2 (rectangular pulse)

This
peak

type has an approximately rectangular shape and is defined by the virtual duration of the
and the virtual total duration, see Figure B.3.

B.1.4 Pulse type 3 (ESD discharge pulse)

This
Figur

type has a very steep rising front and thereafter decreases in an oscillation manner, see
e B.4.
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B.2 Pulse parameters

B.2.1 Value of the pulse current/voltage

Pulse current/voltage is normally defined by its peak value. With some test circuits, overshoot
or oscillations may be present on the current. The pulse current shall be defined by a smooth

curve drawn through the oscillations provided the peaks of the oscillations comply with
Clause B.3.

; A
35
o
%1 B
© 0,9
S =
0,5
. 7 Ts o
0,3
0,1 I Time (linear scale)
0 el

O1f 7 sso%i : e
Ty

IEC

Virtua| front time T, = 1,67 x T

Figure B.2 — Shapgl(of pulse voltage type 1

§ A
5
(8]
X
o
g N
S 100 = —_—
90
10
0 £ -
i \_/
N
Tr . .
- - Possible polarity
reversal
IEC
To Virtual duration of peak current
Tr Virtual total duration

Figure B.3 — Shape of pulse type 2

B.2.2 Virtual front time T,

Virtual front time T, of a pulse current of type 1 is 1,25 times the interval between the instants
when the pulse is 10 % and 90 % of its peak value. The virtual front time T, of a pulse voltage of
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type 1 is 1,67 times the interval between the instants when the pulse is 30 % and 90 % of its
peak value.

B.2.3  Virtual origin O4

Virtual origin O, of a pulse current of type 1 is the instant preceding that at which the current is
10 % of its peak value by a time 0,1 x T,. The virtual origin O, of a pulse voltage of type 1 is the
instant preceding that at which the voltage is 30 % of its peak value by a time 0,3 x T;.

For oscillograms having linear time sweeps, this is the intersection with the x-axis of a straight
line drawn through the 10 % (30 %, in case of pulse voltage) and 90 % reference points on the
front

B.2.4 Virtual time to half-value T,

Virtugl time to half-value T, of a pulse current or pulse voltage of type 1 is.the time interval
betwgen the virtual origin and the instant on the tail at which the current has first decreasged to
half its peak value.

B.2.5 Virtual duration of peak of a rectangular pulse current Ty

Time|during which the current is greater than 90 % of its peakvalue.

A

100 =+ — e e SR ——

| peak (%)

©

o
1
I

1 (30 ns) \/

1 (60 ns)

10 -+

Y

' 0,7 IEC

Y

Figure B.4 — Shape of pulse type 3

B.2.6  Virtual total duration T4 of a pulse current

Time during which the amplitude of the pulse current of type 2 is greater than 10 % of its peak
value. If oscillations are present on the front, a mean curve shall be drawn in order to determine
the time at which the 10 % value is reached.
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The differences of the pulse parameters between the specified values and those actually
recorded shall be within the tolerances listed in this annex, provided that the measuring system

meets the requirements of IEC 60060-2.

For pulse type 1: see Table B.1.

Table B.1 — Accepted differences between specified
and recorded pulse values

Combination pulse
Pulse waveform 8/20 10/1 000 Open-circuit Short-cirduit
voltage pulse current pulse
Pegk +10 % +10 % +10 % +10 %
Virtpal front time T, +10 % + 100 %, - 10 % +30 % +20 %
Virtpal time to half value T, +10 % +20 % + 20v% +20 %
Virtpial total time T Under consideration (25~ 4T,
For dulse type 2:
Pealj value: +20 %, -0 %.
Visual duration of the peak: +20 %, -0 %.
For gulse type 3: see Table B.2.
Table B.2 — Tolerances for pulse type 3
Indicated First peak current Rise time t, Current at Current at
Level voltage of discharge with discharge switch 30 ns 60 ng
(kV) (A) (ns) (A) (A)
1 2 7(5 £10 % 0,7 ~ 1 4+30% 2+x30pb
. 4 15+ 10 % 0,7 ~ 1 8+30% 4+ 306
3 6 22,5+10 % 0,7 ~ 1 12 +30 % 6 + 30 b
4 8 3010 % 0,7 ~ 1 16 + 30 % 8 +30pb
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Annex C
(informative)

Recommended measurement/test methods for characteristics
and parameters for application reference

C.1 Voltage vs. current characteristic
C.1.1
curre
specffication. Unless otherwise specified, the waveform shall be 8/20 (see Annex B), and the
peak|current range shall be 0,01 1,5, to 1 1, (the maximum peak current for one 8/20 plise).
The Yyoltage vs. current characteristic can be expressed by Formula (C.1) foryboth the ngrmal
voltape-limiting region and voltage up-turn region.
Upax —CIP
U =CIP4+R, 1 =C|P 4 Zmax — > "max | C.1)
Imax
wherg
| is the peak current of the specified current pulse flowing through the varistor;
U is the limiting voltage across the varistor@t the peak current of | (see 3.12, Not¢ 1 to
entry);
Imax is the maximum peak current for one*8/20 pulse (see Annex B);
Una is the limiting voltage across the varistor at the peak current of I, (see B.12,
Note 1 to entry);

R, is the equivalent linear resistance of the varistor;
Cangp see Formula (1).
NOTE| Formula (C.1) is introduced-ta overcome the shortage of the Formula (1) in practical applications, whi¢h can
only ekpress the voltage vs. current.characteristic in its normal voltage-limiting region and does not cover the vpltage
up-turh region.
C.1.3 The test peak'current values (I, I,, I;, ...1,)) shall be selected according to the required
currgnt range and distributed apart from each other over the range in a roughly equal distar|ce in
term$ of geometfyrThe number of the selected values is commonly 5 to 9, the more the number,
the nmpore the, accuracy of the measured voltage vs. current characteristic.
C.1.3 7he limiting voltage (U;, U,, U;, ...U,) shall be measured within the n¢rmal
voltapeZlimiting region at each test current (14, I,, I;, ...l1,) respectively on the same vafistor

sample. The pulse applicaiion shall be performed in an increasing order starting from the
smallest peak value to the biggest. The duration between two pulses shall be sufficient to allow

the s

ample’s temperature to recover to room temperature.

The constants A and B in Formula (C.2) shall be obtained by using the least squares fitting
method. Then the constants C and B in Formula (C.1) shall be calculated by Formula (C.3) and
Formula (C.4) respectively.

Iog%=A+Blog I

c=10"

(C.2)

(C.3)
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B=B+1 (C.4)

NOTE The normal voltage-limiting region of the voltage vs. current characteristic curve is usually defined by a
current density range from 20 A-cm™2 to 2 000 A-cm™2,

C.2 Maximum peak current derating characteristic

c.21 Rationale related to this test

The measurement of the maximum peak current derating characteristic curves is based on the
fact which can be expressed by Formula (C 5) given that repetitive pulses applied on a varistor

with their equivalent rectangular pulse duration r remains the same.

|- nP =D (n=10) C.5)

wher

[{%)

n is the number of pulses applied on the varistor;

| is the maximum peak current for n pulses with the same equivalent rectangular pulse
duration of 1;

p ang D are both constants.

The yalues of the constants p and D in Formula (C.5) can/e calculated by two groups of test
data - (I1, ny) and (I, n,) —which can be obtained from two groups of pulse life tests perfoymed
on two group samples at two different peak currents(l)and I,), respectively, on the condition

that the test pulses are of the same equivalent rectangular pulse duration T and the failure
criteffia for determining the maximum pulse numbers (n; and n,) is the same. The maxjmum
peak| current respectively for 101, 102, 103, 404, 105, 106 pulses with the same equivfalent

rectangular pulse duration of T can be obtained from Formula (C.5) into which the valueg of p
and D are substituted.

C.2.9 Failure criteria
The pulse life test in C.2.1 shalllbe terminated when either of following failure criteria is met:

— the varistor voltage decréases by more than 10 % from the initial value measured ip the
same direction;
— the clamping voltage increases by more than 10 % from the initial value measured inh the
sfme direction;
C.2.3 Pulse'life test

Samples(shall be selected according to the number specified in the relevant specification|, and
divided\nto 4 groups labeled as G-1, G-2, G-3 and G-4 separately.

a) Narrow pulse life test

Unless otherwise specified, the current pulse of 8/20 waveform (see Annex B) shall be selected
in the narrow pulse life test.

Samples of G-1 and G-2 shall be subjected to the narrow pulse life test.

Each sample in G-1 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unified peak current 1, selected as the same as the maximum peak current for 10 pulses of 8/20
waveform at a time interval of 2 min until the failure criteria in C.2.2 is met. The maximum
number of pulses before failure shall be recorded for each sample. The average number shall
be calculated based on the maximum number of pulses for each sample and denoted by n;
after all the samples in G-1 fail.
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Each sample in G-2 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unified peak current I, selected as the same as the maximum peak current for 100 pulses of
8/20 waveform at a time interval of 30 s until the failure criteria in C.2.2 is met. The maximum
number of pulses before failure shall be recorded for each sample. The average number shall
be calculated based on the maximum number of pulses for each sample and denoted by n,
after all the samples in G-2 fail.

The constants p and D in Formula (C.5) for the narrow pulse with an equivalent rectangular
pulse duration of T, (the theoretical value of 1, is 17,5 uys for a standard 8/20 current pulse (see

Annex B), but it is recommended to use the measured value of T, for the actual test current
pulse_for a better accuracy) can be obtained by Formulae (C.6) and (C.7):

- log(l2/11) c.6)
Y log(ny/ny)

D, =ly-nt C.7
o =1 .7)

The aximum peak current respectively for 101, 102, 103, 104, 105106 pulses with the unified

equiyalent rectangular pulse duration of T, shall be calculated,by substituting p,, and D| into
Formula (C.5), and shall be plotted as point marked with A A,, A3, Ay, As, Ag respectively on
the perpendicular line at T = 74 in a log-log scaled graph-as-shown in Figure C.1.

b) \Wide pulse life test

Unlegs otherwise specified, the current pulse of 10/1 000 waveform or a rectangular waveform
of 2 ms (see Annex B) shall be selected in the*wide pulse life test.

Samples of G-3 and G-4 shall be subjected to the wide pulse life test.

Eachl sample in G-3 shall be subjected to repetitive wide current pulses with a unified [peak
currgnt 15 selected as the sameé as the maximum peak current for 10 pulses of 10/1 000
wavegform or a rectangular waveform of 2 ms (see Annex B) at a time interval of 2 min unfil the
failure criteria in C.2.2 issmet. The maximum number of pulses before failure shall be recarded
for epch sample. Theaverage number shall be calculated based on the maximum number of
pulsgs for each sample‘and denoted by nj after all the samples in G-3 fail.

Eachl sample in/G-4 shall be subjected to repetitive 8/20 current pulses (see Annex B) with a
unifigd peak'current 1, selected as the same as the maximum peak current for 100 pulses of
10/1 P00 waveform or a rectangular waveform of 2 ms (see Annex B) at a time interval of| 30 s
until thé failure criteria in C.2.2 is met. The maximum number of pulses before failure shall be
reconded for each sample. The average number shall be calculated based on the maximum

number of pulses for each sample and denoted by n, after all the samples in G-4 fail.

The constants p and D in Formula (C.5) for the wide pulses with an equivalent rectangular
pulse duration of T, (the theoretical value of T, is 1 553 ys and 2 000 s for a standard 10/1 000
current pulse and a standard rectangular pulse of 2 ms (see Annex B) respectively, but it is
recommended to use the measured value of T, for the actual test current pulse for a better
accuracy) can be obtain by following Formulae (C.8) and (C.9):

_ log(l4/13) c.8
log(nz/ng) (©8)

72
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p
D,[.2 = |3‘n3 2

The maximum peak current respectively for 101, 102, 103, 104, 105, 108 pulses with the unified
equivalent rectangular pulse duration of T, shall be calculated by substituting p_, and D, into
Formula (C.5), and shall be plotted as point marked with B, B,, B3, B,, Bs, Bg respectively on

the perpendicular line at T = 7, in a log-log scaled graph as shown in Figure C.1.

c.24 Graphing of the maximum peak current derating curves

The

sepafately through each point pair (A; B;), (A; By), (A3 Bj3), (A4, By), (As Bsg), (Ag B

log-lag scaled graph the as shown in Figure C.1.

71 72

Figure C.1 — Maximum peak current derating characteristic

C.3 | Thermal resistance (for leaded varistors only)

C.3.1 Test system
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The test system includes a DC constant-current power source, a voltmeter, an ammeter, a

thermometer and a timer.

The DC constant-current power source shall be capable of outputting an adjustable constant

current of 0,1 mA to 10 mA to samples.

The voltmeter and the ammeter shall be of an accuracy of + 1 %.

The thermometer shall be of an accuracy + 0,5 °C over the range of 0 °C to 100 °C.
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C.3.2 Mounting of the sample

The varistor sample shall be mounted perpendicularly on an insulated board by inserting the two
leads into two through-holes separately in the board (the spacing between the two through-holes
is similar to that between the sample’s leads), the leads are electrically connected with the DC
constant current source with copper wires of 0,2 mm in diameter. There shall be no undue
draught over the varistor. Only natural convection resulting from the hot varistor is allowed.

c.3.3 Test procedure
a) The ambient temperature shall be measured.

b) T LILILIA"A 0L thC DC bUIIDtaIIt bullcllt PUV\IUI SUUTULT, thc bullcllt f:UVV;IIy thluuyh thc Vﬂ.l;otul Sha”
bp adjusted so that the power dissipated by the varistor is 1,5 ~ 2,0 times the\ rated
aperage dissipation power of the varistor specified in the detail specification/) Then the
stirface temperature of the varistor shall be measured every 1 min untilbthe the¢rmal
efuilibrium is reached (i.e. variation of the surface temperature is less than 2 K within
1
-

D min).
c) The thermal resistance of the varistor can be calculated with Formula (C:10).
T -T
Ry =0 (k/w) (€.10)

Uxl

where

Rir is the measured thermal resistance;

Th is the ambient temperature;

T is the surface temperature of the varistorsample at thermal equilibrium;

I is the current flowing through the vafistor sample when the poweris 1,5 ~ 2,0 {imes
the rated average dissipation power;

U is the voltage across the varistor sample at current I;

Unlegss otherwise specified in theldetail specification, the average value of the thermal
resisfance measured on three samples shall be used as the typical value of thermal resistance.

C.4 | Abnormal overvoltage withstanding duration

c.4.1 Test systém

The fest systeniincludes an AC constant-voltage power source or a DC constant-voltage power
sourge, a sample cell, a voltmeter, an ammeter and a timer.

The AC constant-voltage power source shall output an adjustable AC voltage of substantially
sinudaidal waveform (less than 5% total harmonic distortion) at power frequency and a
maximum current of not less than 1 A (RMS). The regulation accuracy of the AC
constant-voltage power source shall be not less than £ 1 %.

The DC constant-voltage power source shall output an adjustable DC voltage (less than 1 %
voltage ripple) and a maximum current of not less than 1 A. The regulation accuracy of the DC
constant-voltage power source shall be not less than + 1 %.

The response time of the AC constant-voltage power source or the DC constant-voltage power
source shall be not more than 20 ms to step changing of load.

The sample cell is necessary for safety reasons, it shall be transparent or have an observation
window and the walls of the cell and the varistor sample shall be approximately 100 mm apart.
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The voltmeter, which is used to monitor the output voltage of the power source, shall be of an
accuracy of + 1 %.

The timer, which is used to record the abnormal overvoltage withstanding duration, shall be of
an accuracy of + 0,1 s.

The ammeter is used to judge the occurrence of the irreversible breakdown of the varistor
sample which shall be serially connected with it.

C.4.2 Test procedure

a) The varistor sample Kept in the sample cell shall be electrically connected with thp AC
cpnstant-voltage power source or the DC constant-voltage power source in accordaneg with
the relevant specification.

b) The output voltage of the power source shall be adjusted to 1,5 timesithe maximum

cpntinuous AC voltage or 1,5 times the maximum continuous DC voltage ip'accordanceg with
the relevant specification. Then the voltage shall be applied to the varister sample. The timer
shall be turned on at the instant of the voltage application.

c) Thhe ammeter shall be observed closely and the timer shall be stopped when the cyrrent
increases abruptly.

NOTE| When the time is too short, it is difficult to measure the abnormal /overvoltage withstanding dyration
accurately just by a manually controlled timer. An automatically controlled\tifnér or an oscilloscope that records the
test cdirrent curve can be used to assist the measurement.

C.4.3 Requirements

If applicable, the measured abnormal overvoltage.withstanding duration shall be not less|than
the vplue specified in the detail specification.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

VARISTANCES UTILISEES DANS LES EQUIPEMENTS ELECTRONIQUES -
Partie 1: Spécification générique

AVANT-PROPOS

1) LajCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comfposée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour‘objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'é|ectricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes intefnationalgs, des
Spécifications techniques, des Rapports techniques, des Spécifications accessibles au_public (PAS) ¢t des
Gyides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des/comités d'étudels, aux
trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisations
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC,npdrticipent égalemept aux
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de Notmalisation (ISO), selop des

2) Lep décisions ou accords officiels de I''EC concernant les questions technique§ représentent, dans la mespre du
pogsible, un accord international sur les sujets étudiés, étant donné que les(Caomités nationaux de I'lEC intéjlessés

3) Lep Publications de I'lEC se présentent sous la forme de recommandatjons internationales et sont agréées gomme
teljes par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC s'assfire de
I'ekactitude du contenu technique de ses publications; I'lEC ne-pé€ut pas étre tenue responsable de I'éventuelle

4) D4dns le but d'encourager I'uniformité internationale, les «Comités nationaux de I'lEC s'engagent, dans tdute la
mgsure possible, & appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales et
régionales. Toutes divergences entre toutes Publications'de I'lEC et toutes publications nationales ou régipnales

5) L'IEC elle-méme ne fournit aucune attestation\de conformité. Des organismes de certification indépefdants
fodirnissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marques de
copformité de I'lEC. L'IEC n'est responsablend‘aucun des services effectués par les organismes de certification
indépendants.

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

7) Adcune responsabilité ne doit étreximputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandafaires,
y qompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lEQ, pour
todit préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque pature
que enses
découlant de la publication-ou de I'utilisation de cette Publication de I''EC ou de toute autre Publication delI'lEC,

8) L' ations

9) L' I'objet
de|droits.de-brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de byevets

La "IEC:

C i Al
Condensateurs et résistances pour équipements électroniques.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2007. Cette édition
constitue une révision technique.

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

a) 10 nouveaux termes et définitions (varistances a fils, varistances montées en surface (VMS),
décharge électrostatique (DES), tension d'écrétage de DES, durée d'impulsion
rectangulaire équivalente, caractéristique de réduction du courant maximal de créte,
puissance de dissipation moyenne assignée, énergie assignée, durée de résistance a une
surtension anormale et courbe de réduction de la température) ont été ajoutés (voir 3.6, 3.7,
3.14, 3.15, 3.19, 3.20, 3.23, 3.24, 3.25 et 3.29);
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b) des exigences générales pour les essais électriques et 7 nouveaux essais (tension

c)

d)
e)

f)
9)

h)

d'écrétage, tension d'écrétage de DES, courant maximal de créte, puissance de dissip

ation

moyenne assignée, énergie assignée, décharge électrostatique (DES), robustesse des

sorties des varistances montées en surface) ont été ajoutés (voir 6.5, 6.11, 6.12, 6.13,
6.15, 6.16 et 6.17.8);

en 6.6, 6.7, 6.8, 6.9.3, 6.23.2, 6.23.4 et 6.26, les essais suivants ont été révisés:

6.14,

e Tension de la varistance, courant de fuite et capacité: des exigences et des informations

plus détaillées ont été ajoutées;

e Tenue en tension — méthode de la feuille métallique: I'espace entre le bord de la feuille et
chaque sortie a été modifié de 1 mm ~ 1,5 mm a3 mm ~ 3,5 mm pour soumettre a I'essai

les varistances qui ne possedent aucune sortie axiale et 'espace minimal entre {e
de la feuille et la sortie a été modifié de 1 mm a 3 mm pour soumettre a l'\eSsg
varistances qui possedent des sorties axiales;

¢| Séquence climatique — chaleur séche: la méthode a été modifiée (Ba enBb);
¢| Séquence climatique — froid: la méthode a été modifiée (Aa en Ab);

| Endurance a la température maximale de catégorie: la méthode consistant a "appl
des tensions d'essai par cycles de 1,5 h d'application et de 0,5 h.de repos" a été mo
au profit de la méthode consistant a appliquer des tensions/d'€ssai en continu to
long de I'essai qui dure 1 000 h;

@s essais de courant d'impulsion, de tension en condition{d’impulsion et de secousse
été supprimés de l'article concernant les procédures d'éssai et de mesure;

Annexe A et les contenus qui font référence aux appareils de montage d'essai spécif
Annexe A ont été supprimés;

ttus les contenus concernant les varistances au carbure de silicium ont été supprimé

une nouvelle annexe normative intitulée "Impulsions d'essai utilisées dans la prés

pécification" (Annexe B) a été ajoutée;

(7]

une nouvelle annexe informative intitulée "Méthodes de mesure/d'essai recomman

bord
i les

iquer
lifiée
ut au

S ont
iés a

b

sente

dées

pour les caractéristiques et paramegtres pour référence d'application” (Annexe C) a été

outée; elle donne des lignes_directrices pour les caractéristiques et paramétre

esure/d'essai et pour référence d'application (notamment la caractéris
tension-courant, la caractéristigue de réduction du courant maximal de créte, la résist
thermique et la durée de-résistance a une surtension anormale).

Le texte de cette Norme intérnationale est issu des documents suivants:

FDIS Rapport de vote
40/2621/FDIS 40/2625/RVD

abouti & I'approbation de cette Norme internationale.

Le erort de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

s de
tique
ance

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 61051, publiées sous le titre général Varistances
utilisées dans les équipements électroniques, peut étre consultée sur le site web de I'lEC.
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Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiguée sur le site web de I'lEC sous "http://webstore.iec.ch"” dans les données relatives au
document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.
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VARISTANCES UTILISEES DANS LES EQUIPEMENTS ELECTRONIQUES —

Partie 1: Spécification générique

1 Domaine d'application

La présente partie de I'lEC 61051 est une spécification générique applicable aux varistances a

carag

Elle ¢tablit les termes normalisés, les procédures de contrble et les procédures d'essai ut

dans

toute] autre fin.

NOTE|

compl

2 Références normatives

les spécifications intermédiaires et particuliéres a des fins d'assurance depa-qualité

Pte par le comité d'études 40 de I'lEC, si elle est exigée, suit les regles décrites_tdans I'Annexe A.

téristiques tension-courant symétriques, utilisées dans les équipements électroniqugs.

lisés
ou a

Les spécifications particuliéres peuvent étre des spécifications au sein du systéme.de I''EC, un autre sylsteme
de sp¢gcifications lié a I'lEC, ou spécifiées par le fabricant ou l'utilisateur. La rédaction diune spécification parti

uliere

Les documents suivants cités dans le texte constituent, podntout ou partie de leur contenu, des

exiggnces du présent document. Pour les références.datées, seule I'édition citée s'appl

Pour

compris les éventuels amendements).
IEC 60027 (toutes les parties), Symboles littéraux a utiliser en électrotechnique

IEC 60050 (toutes les parties), Vocabulaire Electrotechnique International (IEV)

IEC ¢
IEC ¢
IEC ¢
IEC ¢

IEC §
(sinu

les références non datées, la derniere édition)du document de référence s'appliq

0062, Codes de marquage dés-résistances et des condensateurs

0068-1:2013, Essais dlenvironnement — Partie 1: Généralités et lignes directrices
0068-2-1:2007, Essais d'environnement — Partie 2-1: Essais — Essais A: Froid
0068-2-2:2007, Essais d'environnement — Partie 2-2: Essais — Essai B: Chaleur séc

0068-2-6:2007, Essais d'environnement — Partie 2-6: Essais — Essai Fc: Vibra
soidales)

he

tions

IEC
atmo

0068-2-13:1983, Essais d'environnement — Partie 2-13: EsSaiS — ESSal M: BasSe pression

sphérique

IEC 60068-2-14:2009, Essais d'environnement — Partie 2-14: Essais — Essai N: Variation de

temp

érature

IEC 60068-2-20:2008, Essais d'environnement — Partie 2-20: Essais — Essai T: Méthodes
d'essai de la brasabilité et de la résistance a la chaleur de brasage des dispositifs a broches

IEC 60068-2-21:2006, Essais d'environnement — Partie 2-21: Essais — Essai U: Robustesse des
sorties et des dispositifs de montage incorporés
IEC 60068-2-21:2006/COR1:2012

IEC 60068-2-27:2008, Essais d'environnement — Partie 2-27: Essais — Essai Ea et guide: Chocs
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IEC 60068-2-30:2005, Essais d'environnement — Partie 2-30: Essais — Essai Db: Essai cyclique
de chaleur humide (cycle de 12 h + 12 h)

IEC 60068-2-45:1980, Essais d'environnement — Partie 2-45: Essais — Essai XA — Immersion

dans

les solvants de nettoyage

IEC 60068-2-45:1980/AMD1:1993

IEC 60068-2-58:2015, Essais d'environnement — Partie 2-58: Essais — Essai Td: Méthodes
d'essai de la soudabilité, résistance de la métallisation a la dissolution et résistance a la chaleur

de br

asage des composants pour montage en surface (CMS)

bras
moui

IEC ¢
humi

IEC ¢

IEC ¢
(adre

IEC ¢
Méth
direc

IEC ¢
résis

IEC ¢
et de

IEC §
inspe

IEC ¢
Parti
verre

plaq

IEC 10068-2—69:2017, Essais d'environnement — Partie 2-69: Essais — Essai Te/Tc: ESs

bilité des composants électroniques et cartes imprimées par la méthode de la balan
lage (mesure de la force)

0068-2-78:2012, Essais d'environnement — Partie 2-78: Essais — Essai Cab: Ch
He, essai continu

0294, Mesure des dimensions d'un composant cylindrique a softies axiales

0617, Graphical symbols for diagrams (disponible en anglais seulement)
sse http://std.iec.ch/iec60617)

0695-11-5:2016, Essais relatifs aux risques du-feu — Partie 11-5: Flammes d'es
pde d'essai au brileur-aiguille — Appareillage,/dispositif d'essai de vérification et |
frices

0717:2012, Méthode pour la détermindtion de I'encombrement des condensateu
ances a sorties unilatérales

1000-4-2:2008, Compatibilité électromagnétique (CEM) — Partie 4-2: Techniques d'
mesure — Essai d'immunité aux)décharges électrostatiques

1193-2, Quality assessment systems — Part 2: Selection and use of sampling plan
ction of electronic components and packages (disponible en anglais seulement)

1249-2-7:2002,.Matériaux pour circuits imprimés et autres structures d'interconnex
b 2-7: Matériaux“de base renforcés, plaqués et non plaqués — Feuille stratifiée tissé
E avec deSla‘résine époxyde, d'inflammabilité définie (essai de combustion vertig
ée cuivre

ISO TOOOO-1:2009, Grandeurs et unités — Partie 1: Généralités

ni de
te de

aleur

sai —
gnhes

rs et

pssai

s for

on —
e de
ale),

3 Termes et définitions

Pour

les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |ISO Online browsing platform: disponible & I'adresse http://www.iso.org/obp
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3.1

type

groupe de composants ayant des caractéristiques de conception et des techniques de
fabrication semblables, leur permettant d'étre regroupés pour I'homologation de qualification ou
pour le contrble de conformité de la qualité

Note 1 a l'article: Ces composants sont généralement couverts par une seule spécification particuliere.

Note 2 a l'article: Les composants décrits dans plusieurs spécifications particulieres peuvent, dans certains cas,
étre considérés comme appartenant au méme type et peuvent donc étre groupés dans le cadre de I'homologation et
des contrdles de conformité de la qualité.

[SOU X ; , 2.2.25]
spéclfication particuliere" a été supprimée de la définition. Une NOTE 1 et une NOTE 2 aldrticle
ont éfé ajoutées.]

3.2
mode¢le
subdjvision d'un type, généralement basée sur des facteurs dimensionnels, qui peut inclure
plusigurs variantes, généralement d'ordre mécanique

[SOYURCE: IEC 60115-1:2008, 2.2.20]

3.3
varidtance

résigtance sensible a la tension
VDR
composant dont la conductance, a une plage de températures donnée, augmente rapidegment
avec|la tension dans une plage de courants donnee

Note 1 a l'article: Le terme abrégé "VDR" est dérivé duterme anglais développé correspondant "voltage depgndent
resistor".

Note 2 a l'article: La varistance est représentée’ graphiquement par Z.

Note 3 a l'article: Cette propriété est exprimée par l'une des formules suivantes:

u=clb (1)
ou
I = AUY (2)
ou
| esgt le courant qui traverse la varistance;
U e$t ld tension appliquée a la varistance;
B estle-coeHicient-denon-Hrcaritédinrtensite{vol3-4);
vy estle coefficient de non-linéarité de tension (voir 3.5);
A et C sont des constantes.

3.4

coefficient de non-linéarité d'intensité
en partant de la Formule (1) du 3.3, il est défini selon la formule:

| duU
B:UX_I (3)

Note 1 a l'article: Pour faciliter le calcul, la formule suivante peut étre utilisée:
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Note 2 a l'article:

log, (U, /U
_logyo( 1/Y>) (4)
logyo(11/12)

B est toujours inférieur a 1.
3.5
’Y - - - - -
coefficient de non-linéarité de tension
réciproque du coefficient de non-linéarité d'intensité
Note 1 a l'article: y est toujours supérieur a 1.
Note 2 a l'article: Dans le secteur des varistances et les ouvrages de référence associés, le coefficignt de
non-lipéarité de tension est généralement désigné par a plutdt que par y.
3.6
varidtances a fils
varisfances connectées a des circuits électriques par des fils de raccord, une plaque
condpctrice ou des sorties a vis
3.7
varidtances montées en surface
VMS
varisfances sans fil montées sur des circuits électriqgues selon” une technique de montage en
surface
3.8
UerH _ _
tensjon alternative maximale permanente
tensipn alternative efficace maximale de'forme pratiguement sinusoidale (distorsion
harmlonique totale inférieure a 5 %) qui peut-étre appliquée au composant en fonctionnegment
permianent a 25 °C
Note 1 a l'article: Des informations sur lgs)exigences de réduction supérieures a 25 °C doivent figurer dans la
spéciflcation particuliére.
Note 2 a I'article: Normalement, cette*tension doit étre égale a 1,1 fois la tension d'alimentation.
Note 3 a l'article: Normalement, la valeur de créte de cette tension doit étre inférieure ou égale a la limite bagse de
la tolérance de tension de JaVaristance.
3.9
Upc ] )
tensjon continueé maximale permanente
tensipn continte maximale (avec ondulation inférieure a 5 %) qui peut étre appliquéle au
composantyen fonctionnement permanent a une température ambiante de 25 °C
Note 1 a Tarticle:” Des informafions sur les exigences de reduciion supérieures a 25 °C doivent figurer dans la
spécification particuliere.

La perte de puissance de la varistance a la tension continue maximale permanente doit étre

approximativement égale a celle obtenue a la tension alternative maximale permanente, d'ou la tension continue
maximale permanente qui est environ 1,3 fois supérieure a la tension alternative maximale permanente.

3.10
U

S
tension d'alimentation

tension pour laquelle le systeme est congu et a laquelle certaines caractéristiques de

fonct

ionnement du systeme se référent
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3.11

Uy

tension de la varistance

tension au courant continu spécifié (également appelé courant continu de référence), utilisée
comme point de référence dans la caractéristique du composant

Note 1 a l'article: Sauf spécification contraire, le courant continu de référence est de 1 mA.

3.12

tension limite

valeur de créte de la tension qui apparait aux sorties de la varistance, lorsque l'impulsion de
, )

Lo igi .
courant-speciicetuiest

Note 1 a l'article: Sauf spécification contraire, la créte de tension a l'instant initial du courant d'impulSion”ddit étre
exclug de la tension limite. Cette créte de tension résulte du retard du courant résistif de la varistance d@ a la gharge
de la ¢apacité de la varistance.

3.13
UcLA o
tensjon d'écrétage
tensipn limite dans des conditions atmosphériques normales lorsqu'elle est traversée paf une
impulsion de courant de classe 8/20

VOIR: Annexe B.

3.14
décharge électrostatique
DES
<pour les varistances de protection électrostatigue-montées en surface> transfert de charges
électriques entre des corps ayant des potentiels électrostatiques différents lorsqu'ils|sont
proches ou mis en contact direct

Note 1 a Il'article: 1l existe deux méthodes d'ess@iyde décharge électrostatique:

migthode de décharge par contact: méthode d'essai ou I'électrode du générateur d'impulsions de DHS est
mpintenu en contact avec la VMS, la décharge étant commandée par l'interrupteur de décharge a l'intérigur du
générateur;

mgthode de décharge par air: méthode d'essai ou I'électrode du générateur d'impulsions de DES est rapprfochée
d¢ la VMS, la décharge étant cemmandée par une étincelle envoyée a la VMS.

[SOURCE: IEC 60050161, 161-01-22, modifiée — La NOTE 1 a l'article a été ajoutée.]

3.15
tensjon d'écrétage de DES
<pouf les varistances de protection électrostatique montées en surface> tension de [créte
déve|oppée.aux sorties de la varistance mesurée a 30 ns aprés l'application de l'impulsign de
30 Aj8K\/-définie dans le Tableau 3 et la Figure 2 de I'lEC 61000-4-2:2008

VOIR: Annexe B

3.16

Uiso. _

tension d'isolement

<varistances isolées> tension de créte maximale qui peut étre appliquée en fonctionnement
permanent entre les sorties de la varistance et toute surface conductrice de montage

3.17

I

courant de fuite

courant qui traverse la varistance a la tension continue maximale et a une température de 25 °C
ou a toute autre température spécifiée
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3.18

IPm i R

courant maximal de créte

courant maximal par impulsion qui peut traverser une varistance a une température ambiante de
25 °C, pour un nombre donné d'impulsions

3.19

T

durée d'impulsion rectangulaire équivalente

durée d'une impulsion unidirectionnelle normalisée égale au rapport de la zone de I'onde pulsée
par rapport a la créte d'impulsion

3.20
caragtéristique de réduction du courant maximal de créte
courlpe caractéristique ou formule mathématique exprimant la réduction du courantmaximal de
créte Ip,, avec une durée d'impulsion rectangulaire équivalente t croissanteyet un nombre
d'imgulsions répétitives n qui peuvent étre appliquées a la varistance ,a une tempérpture
ambipnte de 25 °C

3.21
lcLs
courpnt de classe
valedr de créte du courant, soit 1/10 du courant maximal de cré€té pour 100 impulsions pouf une
impulsion de courant de forme d'onde 8/20 avec un intervalle de temps de 30 s

VOIR: Annexe B

3.22
impylsion
onde| unidirectionnelle de tension ou de coutant sans oscillations significatives

VOIR: Annexe B

Note 1 a l'article: Dans I'lEC 60060-2, le mot "choc" est utilisé. Toutefois, pour la présente spécification, seul [e mot
"impulsion” est utilisé.

3.23
Pm

puissance de dissipatioh moyenne assignée
puisgance de dissipation moyenne maximale des impulsions répétitives pouvant étre appliquées
aux Jaristances atune température ambiante de 25 °C

3.24
Ew
énergie assignée
énerdqi i i b est
exposée a une impulsion de courant de forme d'onde 10/1 000 ou une impulsion d'onde
rectangulaire de 2 ms, a une température ambiante de 25 °C

VOIR: Annexe B

3.25

durée de résistance a une surtension anormale

durée pendant laquelle la varistance peut résister a une tension anormale qui la traverse, sans
subir un claquage irréversible

3.26

plage des températures de catégorie

plage de températures ambiantes définie par les limites de température de la catégorie
climatique adéquate pour laguelle la varistance est congue pour un fonctionnement permanent
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3.27

température maximale de catégorie
température ambiante maximale pour laquelle une varistance a été congue pour fonctionner en
continu

2018

[SOURCE: IEC 60115-1:2008, 2.2.26, modifiée — Dans la définition, "résistance" a été remplacé
par "varistance", "sur la partie de la dissipation assignée indiquée dans la dissipation de
catégorie" a été supprimé de la définition. Les NOTES a l'article ont également été supprimées.]

3.28
température minimale de catégorie

tempgrature ambiante minimale pour laquelle une varistance a été congue pour fonctionn
contipu

[SOURCE: IEC 60115-1:2008, 2.2.12, modifiée — Dans la définition, "résistance" la été rem
par "paristance". La Note a l'article a également été supprimée.]

3.29
courpe de réduction de la température
sentation graphique de la réduction des parameétres des varistances avec l'augmentation
de lajtempérature ambiante

repré

Note 1 a l'article: Les paramétres comprennent notamment la tension® continue et/ou alternative ma
permanentes, ainsi que la puissance de dissipation moyenne assignée. Leurs courbes de réductior]
générglement définies dans la spécification particuliere.

3.30
résidtance thermique

rapport entre I'échauffement de I'élément de Ya varistance au-dessus de la tempér
ambipnte et la puissance appliquée

3.31
impylsion combinée
impulsion avec une forme d'onde detension de 1,2/50 et une forme d'onde de courant de

qui

VOIR: Annexe B

4

4.1

Les Unités,\les symboles graphiques et littéraux, ainsi que la terminologie doivent, chaqu
que

ept exprimée par "tension de'créte/courant de créte"

Caractéristiques’techniques

Unités,symboles et terminologie

ela est possible, étre issus des publications suivantes:

eren

blacé

imale
sont

ature

3/20,

b fois

série IEC 60027:
série IEC 60050:
IEC 60617;

ISO 80000-1.

Si d'autres éléments sont exigés, ils doivent étre établis conformément aux principes énoncés
dans les documents référencés ci-dessus.

4.2

Valeurs préférentielles et caractéristiques

Chaque spécification intermédiaire doit prescrire les valeurs préférentielles appropriées a la
sous-famille couverte par cette spécification intermédiaire.
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Marquage

1 Généralités

Les informations contenues dans le marquage sont normalement choisies dans la liste suivante;
I'importance relative de chaque information est indiquée par sa position dans la liste:

a)
b)
c)
d)

La varistance doit comporter un marquage indiquant clairement I'information a) ci-dessus
plus grand nombre possible des autres renseignements. Toute duplication des informatio
marguage de la varistance doit étre évitée.

Pour| les composants de tres petite taille, la spécification intermédiairé. doit prescrir
exiggnces applicables.

L'engemble des informations indiquées ci-dessus doit étre clairement indiqué sur I'emballa
la ouldes varistances.

Tout|marquage complémentaire doit étre appliqué de fagdn qu'aucune confusion ne p
subvenir.

4.3.

Lorsqu'un codage est utilisé, la méthode doit étre choisie de préférence parmi celles don

dan

5

5.1

5.1.
Lorsque la présente specification et toute spécification associée sont utilisées pour un sys|

d'asqurance de la (qualité complet, les procédures du 5.5 et du 5.6 ou 5.12 doivent
respgctées.

Lorsque ces'spécifications sont utilisées en dehors de systemes d'assurance de la qualite

fins

du 5/5.4 et du 5.5.3 peuvent étre utilisées, mais les essais et parties d'essais doivent
appligues dans l'ardre danné par les programmes d'essai

tension alternative maximale permanente ou tension nominale de la varistance;
date de fabrication;
numéro de la spécification particuliére et référence du modele;

nem-dufabricantodmargue commerciale———

2 Codage

s|I'lEC 60062.

Rrocédures d'assurance de la,qualité
Généralités

1 Vue d'emsemble

‘approbation de la conception ou des essais de type, les procédures et les exige

et le
s du

b les

je de

llisse

nées

teme
étre

B aux
nces
étre

Avant que les varistances puissent étre qualifiées selon les procédures de la présente
spécification, le fabricant doit obtenir I'approbation de son organisation conformément aux
dispositions du systeme d'assurance de la qualité spécifié (le cas échéant).

Les méthodes suivantes existent pour I'homologation des varistances selon la qualité évaluée et

son

t couvertes dans les paragraphes suivants:

I'homologation de qualification (voir 5.5);
l'agrément de savoir-faire (voir 5.6);
I'approbation de la technologie (voir 5.12).
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Pour une sous-famille de varistances donnée, des spécifications intermédiaires distinctes pour
I'homologation de qualification et I'agrément de savoir-faire sont nécessaires, et I'agrément de
savoir-faire est par conséquent applicable uniquement lorsqu'une spécification intermédiaire
pertinente a été publiée.

5.1.2  Applicabilité de I'homologation de qualification

L'homologation de qualification est appropriée pour une gamme normale de varistances
fabriguées selon une structure/un design et des procédés de fabrication semblables et
conformes a une spécification particuliére publiée.

Le programme d'essai défini dans la spécification particuliere pour I'évaluation et les nivealix de
perfgrmance appropriés s'applique directement & la gamme de varistances a qualifier prescrite
au 54, ainsi que dans la spécification intermédiaire pertinente.

5.1.3] Applicabilité de I'agrément de savoir-faire

L'agrement de savoir-faire est approprié lorsque les varistances basées sur des réglgs de
concgption communes sont fabriquées selon un groupe de processus communs. || est
parti¢ulierement indiqué lorsque les composants sont fabriqués selon les exigences spécifiques
d'un ptilisateur.

Soug agrément de savoir-faire, les spécifications particulieres\s€ partagent en trois catégories:
a) {Jomposants pour agrément de savoir-faire (CQC)

Une ppécification particuliére doit étre établie pour‘ehaque CQC. Elle doit identifier I'objet du
CQClet inclure I'ensemble des limites et sévérités.d'essai pertinentes;

b) Hléments de catalogue normaux

Lorsque le fabricant a besoin d'un composant approuvé selon la procédure d'agrément de
savo|r-faire, une spécification particultiere d'agrément de savoir-faire qui respecte la
spécffication particuliere cadre (le cas eéchéant) doit étre rédigée;

c) HIéments spécifiques au client

Le cgntenu de la spécification particuliere (souvent appelée spécification particuliére du g¢lient
[CDY]) doit faire I'objet d'tin accord conformément au systéme d'assurance de la qualité spgcifié
(le cas échéant).

De plus amplestinformations sur ces spécifications particulieres sont données danps la
spécfficationintermédiaire pertinente.

L'homologation est accordée a une installation de fabrication sur la base de réglels de
concgeption, de processus et de procédures de contréle de la qualité validés et des résultats
d'essai sur les composants pour agrément de savoir-faire, y compris tout véhicule d'essai de
validation de processus. Pour de plus amples informations, se référer au 5.4 et a la spécification
intermédiaire pertinente.

5.1.4 Applicabilité de I'approbation de la technologie
L'approbation de la technologie est appropriée lorsque le processus technologique complet

(conception, réalisation du processus, fabrication du produit, essai et expédition) couvre les
aspects de qualification communs a I'ensemble des varistances déterminées par la technologie.

5.2 Etape initiale de fabrication

La premiére étape de la fabrication doit étre indiquée dans la spécification intermédiaire.
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Sous-traitance

En cas de sous-traitance de la premiere étape et/ou des étapes ultérieures de la fabrication,
celle-ci doit étre conforme au systeme d'assurance de la qualité spécifié (le cas échéant).

La spécification intermédiaire peut:

5.4

Les

regrdqupées sur la base d'une structure semblable afin de former les lots . deycontréle
réselve que les exigences suivantes soient respectées.

a)

b)

c)

d)

5.5

5.5.1 Admissibilité a I'nomologation de qualification

Le fapricant\deit se conformer au systéme d'assurance de la qualité spécifié (le cas éché

5.5.2 Demande d'homologation de qualification

interdire cette sous-traitance pour des raisons techniques; ou

lorsque cela est jugé nécessaire, inclure toute exigence spéciale, par exemple pou
étapes successives spécifiées a effectuer par le méme fabricant; ou

p tmettra la sollsatraitanca sans rdsarva

Composants de structure semblable

aristances relevant du domaine d'application de la présente spécification peuvent

(@]

bnception, les mémes matériaux, les mémes processus et les mémes méthodes.

our les essais électriques, les dispositifs possédant les mémesicaractéristiques électr
buvent étre regroupés sous réserve que I'élément déterminant ces caractéristiques
bmblable pour I'ensemble des dispositifs concernés.

ructure de base interne et les mémes processusqdée.finition peuvent étre regroupés.

ht été fabriqués sur la méme ligne de production, s'ils ont les mémes dimensions
émes caractéristiqgues d'encapsulation et.de finition externe.

b regroupement peut aussi étre utilisé pour les essais de robustesse des sorties ¢
5sais de brasage lorsqu'il est pratigite de regrouper les dispositifs ayant des struc

P
p
s
P
s
Plour I'examen visuel (a I'exception du marquage),des dispositifs peuvent étre regroupé
o
n
L
e
riternes différentes (voir point c¢) ci:déssus).

Plour les essais d'endurance, le§)dispositifs peuvent étre regroupés s'ils ont été fabr
s

Id seule différence concernant les caractéristiques électriques. S'il peut étre démontré
type du groupe subit des\contraintes plus importantes que les autres, alors les essais
type peuvent étre acceptés pour les autres membres du groupe concerné.

Procédures d'hemologation de qualification

r les

étre
sous

Elles doivent étre produites par un méme fabricant sur un méme site“en utilisant la méme

ques
soit

our les essais d'environnement, les dispositifs ayant/la méme encapsulation, la méme

5 s'ils
, les

bt les
tures

qués

blon les mémes procédés delfabrication au méme endroit en utilisant la méme conception,

ju'un
le ce

ant).

Le fabricant doit se conformer au systéme d'assurance de la qualité spécifié (le cas échéant).

5.5.3 Procédure d'essai pour I'homologation de qualification

L'une des deux procédures suivantes doit étre appliquée.

a) Le fabricant doit démontrer par des essais la conformité aux exigences de la spécification,
sur trois lots prélevés dans une période aussi courte que possible pour le contréle lot par lot,
et sur un seul lot pour le contrdle périodique. Aucune modification importante du processus
de fabrication ne doit intervenir pendant la période au cours de laquelle sont prélevés les

lots de contrble.

Les échantillons doivent étre prélevés sur les lots, conformément a I'lEC 61193-2. Le mode
de contréle normal doit étre utilisé, mais si I'effectif de I'échantillon conduit & un critére
d'acceptation de zéro non-conformité, des spécimens supplémentaires doivent étre prélevés
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de maniére a atteindre I'effectif d'échantillons exigé pour l'acceptation d'une piéce non

conforme.

Le fabricant doit prouver la conformité aux exigences de la spécification en produisant les
résultats des essais effectués selon le programme d'essai sur échantillon d'effectif fixe

donné dans la spécification intermédiaire.

Les spécimens formant I'échantillon doivent étre prélevés de maniére aléatoire da
production courante ou comme convenu.

ns la

Pour les deux procédures, la taille des échantillons et le nombre de non-conformités admises
doivent étre d'ordre comparable. Les conditions et exigences d'essai doivent étre identiques.

5.5.4 Octroi de I'homologation de qualification

L'homologation de qualification doit étre accordée lorsque les procédures ont été comple

btées

confgrmément au systéme d'assurance de la qualité spécifié (le cas échéant)et’de mahiere

satisfaisante.

5.5.5 Maintien de I'homologation de qualification

L'homologation de qualification doit étre maintenue en démontrant-régulierement la confo
aux gxigences de contrdle de conformité de la qualité (voir 5.5.6).

5.5.6 Contrdle de conformité de la qualité

La oy les spécifications particuliéres-cadres associées.aine spécification intermédiaire dg
presgrire le programme d'essai pour le contrdle de la)cenformité de la qualité.

Ce pfogramme doit également spécifier les groupements, échantillonnages et périodicités
les cpntrdles lot par lot et périodiques.

Les plans d'échantillonnage et les niveaux de contréle doivent étre choisis parmi ceux do
dans|I'lEC 61193-2. Si nécessaire, plusieurs programmes d'essai peuvent étre spécifiés.

5.6
5.6.1 Généralités

L'agrement de savoir-faire couvre:

Procédures d'agrémentcde savoir-faire

I'intégralité detla. conception, la préparation du matériel et les techniques de fabricati
compris les/essais et procédures de contrdle;

Igs limites-de performances revendiquées pour les processus et produits, a savoir
spécifiés pour les composants pour agrément de savoir-faire (CQC) et les parametrg
cpntrole de processus (PCP);

rmité

ivent

pour

nnés

on, y

ceux
bs de

la gamme des structures mécaniques auxquelles Tapprobation est accordée.

Pour une présentation générale de I'agrément de savoir-faire, voir Figure 1.
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Gamme de composants

Choix des PCP Choix des CQC
(5.6.10.3) (5.6.5.1)

Préparation Préparation d'une spécification

du plasnedioc?lntréle particuliére pour chaque CQC
(5.6.10.4) (5.6.5.1)

Préparation du programme
T T )

peput du controle

de processus d'essai pour chaque CQC

(5.6.6)

AGREMENT
DE SAVOIR-FAIRE INITIAL
(5.6.10)

Contrdle de processus Essai lot par lot

Vérification
des limites

5.6.10.4
( ) IEC

Figure 1 — Schéma général de I'agrémient de savoir-faire

5.6.2 Admissibilité a I'agrément de savoir-faire

Le fapricant doit se conformer aux exigences.du systéme d'assurance de la qualité spécifjé (le

cas gchéant).

5.6.3 Demande d'agrément de savoir-faire

Le fapricant doit se conformer aux exigences du systeme d'assurance de la qualité spécifjé (le

cas 4chéant), ainsi qu'aux exigénces de la spécification intermédiaire pertinente.

5.6.4 Description des.capacités

Les ¢apacités doivent-€tre décrites dans un manuel des capacités conformément au sys
d'asqurance de lavgualité spécifié (le cas échéant), ainsi qu'aux exigences de la spécific
intermédiaire pertinente. Le manuel doit contenir au minimum les éléments suivants, ou y
référence:

— upe présentation et une description générales des technologies utilisées;

teme
ation
faire

saspects de la relation avec les clients, y compris les dispositions relatives aux regl

ps de

conception (le cas échéant) et l'assistance aux clients lors de la formulation de
exigences;

— une description détaillée des régles de conception a appliquer;

leurs

la procédure de vérification du respect des regles de conception pour la technologie
pertinente du composant fabriqué selon une spécification particuliére;

une liste de I'ensemble des matériaux utilisés, avec une référence aux spécifications d'achat
correspondantes et aux spécifications du contrdle a I'arrivée des marchandises;

un organigramme de l'intégralité du processus montrant les points de contrdle de la qualité
et les boucles de remise en état admises et contenant des références a I'ensemble des
processus et procédures de contrble de la qualité;

une déclaration des processus pour lesquels I'agrément a été demandé conformément aux
exigences de la spécification intermédiaire pertinente;
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5.6.5.1 Généralités
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une déclaration des limites pour lesquelles I'agrément a été demandé conformément aux
exigences de la spécification intermédiaire pertinente;

une liste des CQC utilisés pour évaluer les capacités et une description générale de chaque
CQC, appuyées par un tableau détaillé montrant ou les limites de capacités déclarées sont
démontrées par la conception d'un CQC particulier;

une spécification particuliere pour chaque CQC;

un plan de contrdle détaillé incluant les PCP utilisés pour contréler les processus ainsi
gu'une description générale de chague PCP montrant la relation entre un PCP donné et les
propriétés et performances associées du composant fini;

des recommandations relatives a |'application de la similarité structurelle de
bchantillonnage pour les essais de conformité de qualité.

Le fapricant doit démontrer et vérifier les capacités conformément au systeme d'assurance|de la
qualifé spécifié (le cas échéant), ainsi qu'aux exigences de la spécification intermédiaire

pertipente avec les détails indiqués en 5.6.5.2.

5.6.5.2 CQC pour démontrer les capacités

Le faI)ricant doit convenir avec lI'organisme de certification des parameétres de qualification des

proc
démgntrer I'éventail des capacités spécifié dans le manuel des capacités.

ssus et de la gamme de composants pour agrément de savoir-faire nécessaires|pour

La d¢monstration doit étre faite en soumettant a l'essai la gamme convenue de CQC qui ddivent
étre |congus et fabriqués, et dont les parameétres de processus doivent étre confrblés
confgrmément au manuel de capacités. Les)CQC doivent satisfaire aux exigences suivanfes:

a)

b)

la gamme de CQC utilisés doit représenter I'ensemble des limites des capacités déclarées.
Les CQC doivent étre choisis de* maniere a démontrer les combinaisons de limites
r¢alisables mutuellement;

les CQC doivent étre, au choix:

—| des composants spécialement congus pour démontrer une combinaison de limites de
capacités;

—| des composantsyde conception utilisée dans la production générale;
—| une combinaison des deux, a condition que les exigences du a) soient respectées

Lorsque les ,€QC sont congus et produits uniquement pour l'agrément de savoir-faile, le
fabrigant doit'utiliser les mémes régles de conception, matériaux et procédés de fabrication que

ceux|appligués aux produits acceptés.

Une sSpecification particuliere doit eire etablie pour chaque CQC, et sa premiere page doit
répondre a un format spécifique. La spécification particuliere doit identifier I'objet du CQC et
inclure I'ensemble des niveaux de contraintes et limites d'essai pertinents. Elle peut faire
référence a la documentation de contréle interne qui spécifie les essais et enregistrements de
production afin de démontrer le contréle et la gestion des processus et limites de capacités.

5.6.5.3 Limites de capacités

Les limites de capacités doivent étre décrites dans la spécification intermédiaire.

5.6.6 Programme de lI'agrément de savoir-faire

Conformément au systéme d'assurance de la qualité spécifié (le cas échéant), le fabricant doit
établir un programme pour I'évaluation des capacités déclarées. Ce programme doit étre congu
de maniére a ce que chaque limite de capacité déclarée soit vérifiée par un CQC approprié.
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Le programme doit inclure les éléments suivants:
— un graphique ou tout autre moyen présentant le calendrier proposé pour l'exercice
d'approbation;

— les détails de I'ensemble des CQC a utiliser, ainsi que les références a leurs spécifications
particuliéres associées;

— un tableau montrant les caractéristiques que chaque CQC doit démontrer;
— la référence aux plans de contrdle destinés a étre utilisés pour le contrbéle de processus.

5.6.7 Rapport d'essai de I'agrément de savoir-faire

Confprmément au systéme d'assurance de la qualité spécifié (le cas échéant), un.rapport
d'esdai de I'agrément de savoir-faire doit étre produit. Le rapport doit satisfaire aux-exiggnces
spécffiques applicables au rapport d'essai de l'agrément de savoir-faire et doit,conten|r les
informations suivantes:

g numéro et la date de publication du manuel de capacités;

g programme de lI'agrément de savoir-faire conformément au 5.6.5;
— tqus les résultats d'essai obtenus pendant I'exécution du programme;

ds méthodes d'essai utilisées;

gs rapports sur les mesures prises en cas de défaillance.(voir 5.6.10.2).

énoncé des résultats obtenus et présenté a l'organismé, désigné dans les régles natiorales,

Le erort doit étre signé par le représentant désigné de Ja direction (DMR) en tant que véritable
n
respdnsable de I'octroi de I'agrément de savoir-faire;

5.6.8 Résumé de la description des capacités

Ce rgésumé est destiné a étre officiellement publié aprés I'octroi de I'agrément de savoir-faire.

Il dojt inclure une description concise des capacités du fabricant et donner suffisamment
d'infgrmations sur la technologie, les’ méthodes de construction et la gamme de produits|pour
lesqyelles le fabricant a été approuveé.

5.6.9 Modifications susceptibles d'affecter I'agrément de savoir-faire

Toutg¢ modification susceptible d'affecter I'agrément de savoir-faire doit satisfaire aux exiggnces
du systéme d'assurance de la qualité spécifié (le cas échéant).

5.6.10 Agrément de savoir-faire initial

5.6.10.1 . Généralités

L'aplr rabation est accordée Inrc.nlllp'

— la gamme choisie de CQC a collectivement satisfait aux exigences d'évaluation des
spécifications particuliéeres des CQC, sans élément non conforme admis;

— le plan de contréle a été entiérement mis en ceuvre dans le systeme de contrble des
processus.

5.6.10.2 Procédure en cas de défaillance

Se reporter au systéme d'assurance de la qualité spécifié (le cas échéant), avec les détails
suivants.

Lorsque les spécimens ne parviennent pas a satisfaire aux exigences d'essai, le fabricant doit
indiquer son intention d'appliquer I'une des mesures décrites en a) et b) ci-dessous:
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a) modifier I'étendue proposée des capacités;
b) mener une investigation afin de déterminer I'origine de la défaillance comme étant:

— une défaillance de I'essai lui-méme, en raison, par exemple, d'une panne de l'appareil
d'essai ou d'une erreur de I'opérateur; ou

— une défaillance de conception ou de processus.

Si l'origine de la défaillance est établie comme étant une défaillance de I'essai lui-méme, alors
le spécimen qui a apparemment échoué ou un nouveau spécimen, selon le cas, doit étre remis
a l'essai aprés les mesures correctives nécessaires. Si un nouveau spécimen doit étre utilisé, il
doit étre soumis a I'ensemble des essais de la séquence donnée du ou des programmes d'essai
appliguésauspetimenT qui & apparenment echoue a tessar.

Si I'grigine de la défaillance est établie comme étant une défaillance de conceptioh dqu de
procgssus, alors un programme d'essai doit étre déployé afin de démontrer qu'il a‘été éliminé et
gue llensemble des mesures correctives (documentation incluse) ont été prises:Apres celg, les
séquences d'essai au cours desquelles s'est produite la défaillance doivent étre répétéegs en
intégralité en utilisant de nouveaux CQC.

Aprés cette mesure, le fabricant doit envoyer un rapport et doit ynnelure une copie daps le
rapport d'essai de I'agrément de savoir-faire (voir 5.6.6).

5.6.10.3 Plan général pour le choix des PCP et CQC

Chadue fabricant doit établir un organigramme de proceSsus, basé sur I'exemple donné dgns la
spécffication intermédiaire pertinente. Pour I'ensemble.des étapes de processus incluses|dans
cet ofganigramme, le fabricant doit inclure les contrdles de processus correspondants.

Les pontrbles doivent étre signalés par le_fabricant comme le montre I'exemple dans la
spécffication intermédiaire pertinente.

5.6.10.4 Plans d'essai de contrbéle\de processus

Les plans d'essai doivent faire .partie du systéeme de contrble de processus employé gdar le
fabri¢ant. Lorsqu'un contrble statistique de processus (SPC) est utilisé, la mise en ceuvrg doit
étre ponforme aux exigences de base du SPC. Les plans de SPC représentent les contréles
obligptoires au niveau des‘nceuds de processus.

Pour|chaque étapecdiprocessus ou est utilisé I'équipement de production, le fabricant doit
survgiller les parametres de processus a intervalles réguliers et comparer les relevés avgc les
limitgs de contr6le et d'action qu'il met en place.

5.6.10.5 ~ Plans d'essai pour les CQC démontrant les limites de capacités

Des plans d'essai pour les COC démontrant les limites de capacités doivent étre prescritsfdans
la spécification intermédiaire pertinente.

5.6.11 Octroi de I'agrément de savoir-faire

L'agrément de savoir-faire doit étre accordé lorsque les procédures ont été complétées
conformément au systéme d'assurance de la qualité spécifié (le cas échéant) et de maniéere
satisfaisante, et lorsque les exigences de la spécification intermédiaire pertinente ont été
respectées.

5.6.12 Maintien de I'agrément de savoir-faire

L'agrément de savoir-faire doit étre maintenu en se conformant aux exigences du systéme
d'assurance de la qualité spécifié (le cas échéant), ainsi qu'aux exigences déclarées dans le
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manuel de capacités selon le programme de maintenance défini dans la spécification
intermédiaire pertinente.

Les détails suivants sont en outre applicables.

a) L'agrément de savoir-faire reste valide sans nouveaux essais pour une durée de deux ans.

b) Le programme des nouveaux essais des CQC doit étre défini par le fabricant. Le fabricant
doit établir un systéme de contrdle pour le contrdle de processus. Un exemple de tableau de
programme de contrble peut étre fourni dans la spécification intermédiaire. Pour vérifier les
limites de capacités, le fabricant doit s'assurer que I'ensemble des plans d'essai du 5.6.10.5
applicables & son agrément de savoir-faire sont répétés au moins tous les deux ans.

c) L contrble de conformité de la qualité des composants a livrer peut étre utilisé pour-sautenir
¢ maintien de I'agrément de savoir-faire lorsque cela est pertinent. En particulierylorsdque le
fabricant est titulaire d'une homologation pour une gamme de composants fabriqués selon
les mémes processus et qui s'inscrivent également dans les limites de.capacités |pour
lgsquelles il détient I'agrément de savoir-faire, les résultats des essais“de contréle de
pfocessus et des essais périodiques de la conformité de la qualité décoularlt de
I'hnomologation de qualification peuvent étre utilisés pour soutenir le, mdintien de I'agrément
de savoir-faire.

d) L fabricant doit s'assurer que la gamme de CQC reste représentative des produits acceptés
et conforme aux exigences de la spécification intermédiaire(particuliére.
e) Ll fabricant doit assurer la gestion de la production de maniére a ce que:
—| les processus spécifiés dans le manuel de capacités\restent inchangés, a I'exception des
éventuels ajouts ou suppressions préalablemept.€onvenus selon la procédure du 5.6.9;
—| aucun changement ne se produit sur le lieu.d€ fabrication et de I'essai final;
—| aucune pause de plus de six mois n'a interrompu la production du fabricant faisant ljobjet
de l'agrément de savoir-faire.
f) L fabricant doit tenir un registre de I'évolution de la gestion du programme de capacités afin

Q

pouvoir établir, a tout moment, les;limites de capacités qui ont été vérifiées et qui sgnt en
tente de vérification pour la périade indiquée.

5.6.13 Extension de l'agrément de savoir-faire

Le fgbricant peut étendre Iésylimites de son agrément de savoir-faire en exécutant le|plan
d'esdai du 5.6.10.5 qui concerne le type de limite a étendre. Si I'extension proposé¢ fait
référence a un autre type“de limite que celles décrites au 5.6.10.5, le fabricant doit proposer
I'échantillonnage et les/essais a utiliser, et ceux-ci doivent étre approuvés. Le fabricanf doit
égalg¢ment établir.un-contréle pour les nouveaux processus nécessaires pour une fabrigation
confgrme aux nguvelles limites.

Une |demande d'extension de capacités doit étre déposée de la méme maniére que [pour
I'applobation initiale.

5.6.14 Contrble de conformité de la qualité

Les exigences des essais de conformité de la qualité sont définies dans la spécification
particuliere et doivent étre exécutées conformément au systéme d'assurance de la qualité
spécifié (le cas échéant).

5.7 Remise en état et réparation
5.7.1 Remise en état

Toute remise en état définie dans le systéme d'assurance de la qualité spécifié (le cas échéant)
ne doit pas étre exécutée en cas d'interdiction dans la spécification intermédiaire pertinente. La
spécification intermédiaire pertinente doit indiquer si le nombre de remises en état pouvant
porter sur un composant spécifique est restreint.
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Toute remise en état doit étre effectuée avant la création du lot proposé a des fins d'inspection
conformément aux exigences de la spécification particuliere.

Les procédures de remise en état doivent étre décrites en détail dans la documentation
pertinente produite par le fabricant et déployées sous le contréle direct du DMR. Une remise en
état ne doit pas étre sous-traitée.

5.7.2 Réparation

Les composants qui ont été réparés comme défini dans le systeme d'assurance de la qualité
spécifié (le cas échéant) ne doivent pas étre acceptés.

5.8 | Acceptation de livraison
5.8.1 Généralités
Les ¢omposants doivent étre acceptés a des fins de livraison conformément au 5.5.6 et au

systgdme d'assurance de la qualité spécifié (le cas échéant), apres I'exécution du contréje de
conf@rmité de la qualité prescrit dans la spécification particuliére.

5.8.2 Rapports certifiés de lots acceptés

pertinente et sont demandés par un acheteur, les informations suivantes doivent étre fournies

Lors:Fue des rapports d'essai certifiés de lots acceptés sont prescrits dans la spécificlation
au mnimum.

nformations relatives aux attributs (c'est-a-dire‘@ombre de composants ayant été squmis
alix essais et nombre de composants ayant été.déclarés non conformes) pour les essais des
spus-groupes concernés par le contrble“périodique, sans référence au paramétre
réesponsable du refus.

— Informations relatives aux variables paur la variation de tension ou de courant aprés I'essai
dlendurance indiquées dans la spécification intermédiaire.

NOTE| Pour lI'agrément de savoir-faire, lesrapports d'essai certifiés font uniquement référence aux essais rdalisés
sur dgs composants pour agrément de savoir-faire.

5.8.3 Livraisons différées

Les VYaristances stockées ‘pendant une durée supérieure a deux ans (sauf indication confraire
dans|la spécification intermédiaire) apres l'acceptation du lot doivent étre recontrblées avant
livraison et étre sgumises a I'examen visuel, a I'essai de brasabilité, a la tension de la varisfance
et a Un courant de-fuite comme spécifié dans les contrbles de Groupe A ou B de la spécifigation
parti¢uliére.

Compme lieffet de la variation de la tension de la varistance ou du courant de fuite dépend dy type,
de I valeur e DMR du
fabricar ‘ ' T
fuite.

La procédure de réexamen adopté par le DMR du fabricant doit étre approuvée.

Lorsqu'un lot réussit le nouveau contrfle, sa qualité est a nouveau assurée pour la période
spécifiée.

5.8.4  Acceptation de livraison avant I'achévement des essais du Groupe B

Lorsque les conditions de I'lEC 61193-2 pour le passage en contrOle réduit sont réunies pour
I'ensemble des essais du Groupe B, le fabricant peut livrer les composants avant I'achévement
de ces essais.
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