IEC 60384-1

Edition 4.0 2008-07

INTERNATIONAL
STANDARD

QC 300000

Fixed capacitors for use in elec
Part 1: Generic specification

IEC 60384-1:2008(E)

Full docu


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2008 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch

Web: www.iec.ch f\

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organizatiQ
International Standards for all electrical, electronic and related technologies.

repaxes and/publishes

About IEC publications

The technical content of IEC publications is kept under constant revie
latest edition, a corrigenda or an amendment might have been publis,

gure that you have the

= Catalogue of IEC publications: www.iec.ch/searchpub
The IEC on-line Catalogue enables you to search by a variety ofgriteria {rgfergence number
It also gives information on projects, withdrawn andreplaced p sations/ @

" |EC Just Published: www.iec.ch/online _news/jlistpu

Stay up to date on all new IEC publications. Just
on-line and also by email.

" Electropedia: www.electropedia.org

Vocabulary online.

® Customer Service Centre: www.i€s.ch/ ts
If you wish to give us your fieedback™an this\ publicati

Centre FAQ or contact us:
Email: csc@iec.ch Q

Tel.: +41 22 919 02 1
Fax: +41 22 919 03 00 %

d further assistance, please visit the Customer Service

Documents

Document Sharing Hub

Full document details: IEC 60384-12008


mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

IEC IEC 60384-1

Edition 4.0 2008-07

INTERNATIONAL
STANDARD

@@

Fixed capacitors for use in elec
Part 1: Generic specification

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE XC

ICS 31.060 ISBN 2-8318-9907-9

Documents

® Registered trademark of the International Electrotechnical Commission Document Sharin g9 Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

-2- 60384-1 © IEC:2008(E)

CONTENTS
FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 7
I €= 0T - Y PP 9
I S Yo o o 1P 9
1.2 NOrmMative refereNCES ..o 9
2 Technical data. ... 10
2.1 UNItS @nd SYMDOIS ...ouie e 10
2.2 Terms and definitions ... 11
2.3 Preferred ValUes . ... e 17
2.3.1  GeNneral .o, e e DN 17
2.3.2 Preferred values of nominal capacitance
2.3.3 Preferred values of rated voltage................c.co .o\

2.4 Marking ...oooiiiiiii e AN N e
241 General ..o e e e
242 CoAING..uiiiiiiiiiiiiiiiieiiee e S NN N e\ e e e
3 Quality assessment proCcedures .........c.covvevveviineefene i i e e N e e e
Tests and measurement procedures .........oocovvibove o on i e N e G et eeeeeeeeeeneeaneaaenns
4.1 General..oocooiiiiiii ey

4.2 Standard atmospheric condijon
4.2.1 Standard atmospheric
4.2.2 Recovery conditions /.............\.. >
4.2.3 Referee conditions

G T Y/ Tt A N N P
4.4 Visual exam i

4.41 @u

4.4.2 i

4.5

Mperature CoOmMpPeNnSatioN ... 22
4.5.6 The relevant specification shall prescribe: ... 22
4.8 VOl age PrOOf. .o 23
4.6.1 Test circuit (for the test between terminations) .............ccoooiiiin, 23
2 I Y PP 24
4.6.3 ReqUIrEMENTS . o 26
4.6.4 Conditions to be prescribed in the relevant specification............................ 26
A 0% Yo T- Tl | - o [ o1 =S PPR 26
4.7.1 Measuring frequency and measuring voltage ............coooiiviiiiiiinin, 26
4.7.2 Measuring eqQUIPMENT ... 26
4.7.3 Conditions to be prescribed in the relevant specification............................ 26
4.8 Tangent of loss angle and equivalent series resistance (ESR)............cccceeeiennnnnne. 27
4.8.1 Tangent of 10SS @NgIe .....c.iiuiiiiii e 27
4.8.2 Equivalent series resistance (ESR)........ccc.ccoiiiiiiiiii Docu-ﬁients

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

60384-1 © IEC:2008(E) -3-

4.9 LeaKage CUIMTENT ..ot 27
4.9.1  Preconditioning.....coiiiii 27
4.9.2  Test Method ... 28
I TR B e o 111 =T o 11 o YN 28
e I |V == UL T o = Voo U - T Y 28
4.9.5  TesSt CIrCUIT «.oee i e 28
4.9.6 Conditions to be prescribed in the relevant specification........................... 28
g O 1o T o Y=Y o = o o = P 28
4.11 Self-resonant frequency and inductancCe .............coooiiiiiiiii 29
4.11.1 Self-resonant frequency (f,) ........oooooieiiiii 29
4.11.2 INdUCIANCE...coniii e e D e 32
4.11.3 Conditions to be prescribed in the relevant specificatjgn\... ... \¢...coueonnn. 32
4.12 Outer foil termination ... AN U N 32
4.13 Robustness of terminations ............cooiiiiiiiiii i a e N\ ce NS e 33
4.13.1 TestUay —Tensile......ccooooin S N N N R 33
4.13.2 Test Ub — Bending (half of the sample).. . 05 Mo N erereNureenreeerneeneenens 33
4.13.3 Test Uc — Torsion (remaining sample) e o D\ e Gyl eerneeneeneeneennnns 33

4.13.4 Test Ud — Torque (for terminations Avith _thres

and for integral mounting devices)
4.13.5 Visual examination ...a.........
4.14 Resistance to soldering hea
4.14.1 Preconditioning...........0¢....N\¢-D
4.14.2 Testprocedure ........fceeeeeccin . NG
4.14.3 Recovery,

L B o TR To] (o 1T =T o X111 4V AN o N N PP

4.15.1 8L N PP 34
4.15. t PEOCEAIIE v e eeeeeeeeeeseeeee e eeee e eere e 35
4.15.3 Fin4 pecti neasyrements and requirements ... 35

Test procedure

4.17.3 Electrical test. ... 36
4.17.4 Final inspection, measurements and requirements .................ccciiiii. 36
I T = TV 4T o PP 36
4.18.1 Initial MEASUrEmMENt .. ..o 36
4.18.2 TeSt PrOCEAUIE . onit e 36
4.18.3 Final inspection, measurements and requirements ..............cccoevieiiiiennne. 36
e TS Y o Y] PP 36
4.19.1 Initial MEASUIrEMENT .. ..o 36
e B I == A o] o Yo =Y o [0 = 36
4.19.3 Final inspection, measurements and requirements .................ccooiiiiin. 37
4.20 Container SEAlING ...ivuiiiii e e 37
4.21 ClimatiC SEQUENCE . ... e et 37
4.21.1 Initial MeasSUremMeENtS ......o.oviiiiii e Docuiients

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

—4— 60384-1 © IEC:2008(E)

4.21.2 Dry heat ..o 37
4.21.3 Damp heat, cyclic, test Db, first cycCle .........cooiiiiiiii 37
g O S O ] o P 37
4.21.5 LOW @Il PreSSUIE ettt ettt ettt et e e e e e e e e e e e 38
4.21.6 Damp heat, cyclic, test Db, remaining cycles............ccoviiiiiiiiiiiiiiiiieen 38
4.21.7 Final measurements . ... e 38
4.22 Damp heat, steady state.......cooiiiiii 38
4.22.1 Initial MeasuUremMeNnt .. ... e 38
4.22.2 TeSt PrOCEAUIE .. onie e 38
4.22.3 Final inspection, measurements and requirements ...............ccooeviiiiieiienn.. 39

L T = o (o [V 1 =1 o [o1 = T AU 39

4.23.1 Initial measurements .........cooooiiiiiiiiiiii N e N e 39
4.23.2 Test procedure ........oooiiiiiiiiiieieiiieee e AN O NC e Do N e 39
4.23.3 Conditions to be prescribed in the relevant spegification..\.....\.\/....... 39

4.23.4 Testvoltage......cooiiiiiiiiiiiiii e Sl O e e NG e e e e
4.23.5 Placement in the test chamber
4.23.6 RECOVEIY .oviiiiiii e e s o0 N e Sy e e enennenenneneanens
4.23.7 Final inspection, measurements and requi

4.24 Variation of capacitance with temperat
4.24.1 Static method

4.27.5 Final inspection, measurements and requirements ..............cccooeveiiiiiiennnnn. 47
4.28 Pressure relief (for aluminium electrolytic capacitors).........cccooeviiiiiiiiiiiieeee e, 47
4. 28 .1 A.C. S oo e 47
4.28.2 d.C. St e 47
4.28.3 Pneumatic test. ... 47
4.28.4 Final inspection, measurements and requirements ..............cccooeviiiieieenn.. 48
4.29 Characteristics at high and low temperature ..............ccoiiiiiiiie 48
4.29.1 TeSt PrOCEAUIE . oniei e e 48
4.29.2 ReQUINEMENTS 1.t 48
4.30 Thermal stability test .. ..o 48
4.31 Component solvent resistanCe........cc.iiiiiiii i 48
4.31.1 Initial MeasSUremMeENtS ... 48
4.31.2 TSt PrOCEAUIE ...iuii e e e e e e e 48
4.31.3 Final inspection, measurements and requirements ...................... Documents

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

60384-1 © IEC:2008(E) -5-

4.32 Solvent resistance of Marking.... ..o 49
G At T I == A o] o Yo =Y [ = 49
4.32.2 Final inspection, measurements and requirements ..............cccoooviiiiiiiinnn.e. 49

4.33 Mounting (for surface mount capacitors only) .........cccoooiiiiiiiii 49
4.33.1 SUDSIIAE . oot 49

4. 34 Shear 1St oo e 52
4.34.1 TSt PrOCEAUIE ...t e e 52
4.34.2 Final inspection, measurements and requirements .................ccoii. 52

4.35 Substrate bending test .. ...
4.35.1 TSt PrOCEAUIE ...oui e e e
4.35.2 RECOVEIY ..iiiiiiiiiiieii e [ e e
4.35.3 Final inspection and requirements ...............cc.oooe 40N

4.36 Dielectric absorption....... ..o NN NG e N
4.36.1 Test procedure .......coooiiiiiiiiiieii e e s N e e e NG e e
4.36.2 Requirement........cccoiiiiiiiiiiiiiirire e e e o e e NG e e ee e

4.37 Accelerated damp heat, steady state (for multilayérs
4.37.1 Mounting of capacitors
4.37.2 Initial measurement .........cooiiiiiii o O e e N e e
4.37.3 Test procedure
4.37.4 Recovery......cocoee i NG e

4.38 Passive flammability..............
4.38.1 Test procedure

4.39 High surge current test
4.39.1 Initia

Annex A (normative)Interpretation of sampling plans and procedures as described in

IEC 60410 for use within the IECQ System ........ccooiiiiiiii e 58
Annex B (normative) Rules for the preparation of detail specifications for capacitors

and resistors for electronic equipment for use within the IECQ system.............c..cooiiiiinnnnn. 59
Annex C (normative) Layout of the first page of a PCP/CQC specification................cc...ooeee. 60
Annex D (normative) Requirements for capability approval test report ... 61
Annex E (informative) Guide for pulse testing of capacitors ..........cccocoeiiiiiiiiiiicc e, 62
Annex F (informative) Guidance for the extension of endurance tests on fixed

Loz= ] o 1= 1 (] <SP 65
Annex G (normative) Damp heat, steady state with voltage applied, for metallized film
CAPACITOIS ONIY et ettt 66
Annex Q (normative) Quality assessment procedures ..........ccoevieiiiiiiiiii i 67
Figure 1 — Reactive power against freqUuUenCy..........cooviiiiiiiiinini D OCUmentS

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

—6- 60384-1 © IEC:2008(E)

Figure 2 — Relation between category temperature range and applied voltage ...................... 16
Figure 3 — Voltage-proof test CIrCUIt ... ..coiiii i 24
Figure 4 — Schematic diagram of the impedance measuring circuit .................cooeeiiiiinnnnn. 28
Figure 5 — Capacitor mounting arrangement .. ... ... 30
Figure 6 — Capacitor mounting arrangement .. ... ... 30
Figure 7 — Typical diagram of an absorption oscillator-wavemeter ..................coooiiiiinn. 31
Figure 8 — Schematic diagram of the measuring Circuit ...............coooiiiiiiiii e, 31
FIgure 9 — TesSt CIrCUIL ... e e e 32
Figure 10 — Test circuit for electrolytic capacitors ...........coooi i

Figure 11 — Relay CirCUit . ...
Figure 12 — Thyristor CirCuUit ..o S
Figure 13 — Voltage waveform across capacitor ...........c.covevvenn NG
Figure 14 — Voltage and current waveform.............coooiiii G N - ee

Figure 15 — Suitable substrate for mechanical tests (may no -
MEASUIEMENTS) ..ottt e e e e e e SN e e e e e e e ereeneennernenneennas

Figure 16 — Suitable substrate for electrical tests
Figure 17 — High surge current test.............coooonc b Lo NG N
Figure 18 — Voltage transient overload test cirguoy
Figure 19 — Voltage waveform ...........Nc....\..D

Figure Q.1 — General scheme for capabiti

Table 2 — Measureme

Table 3 — Measuring
Table 4 — Tensil
Table 5 — Torque ...

Table 6 — Numbe
Table 7 — Se

Documents

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

60384-1 © IEC:2008(E) _7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0 is to promote

this end and in addition to other activities, IEC publishes International Standard echnical ‘Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (be eferred Mo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE atio i i

in the subject dealt with may participate in this preparatory work. \

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity, 1¥ i s itttes”undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' ional and regional publications. Any divergence
between any IEC Publication and the corre i er regional publication shall be clearly indicated in
the latter.

7) No liability shall 4 e
members of its te atftonal Committees for any personal injury, property damage or
other damage of an S gther direct or indirect, or for costs (including legal fees) and
expenses arising ot i ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn e references cited in this publication. Use of the referenced publications is
indispensable for ion of this publication

9) Attentio o thte pyssibility that some of the elements of this IEC Publication may be the subject of
patentrights s a held responsible for identifying any or all such patent rights

International IEC 60384-1 has been prepared by IEC technical committee 40

Capacitors and resisiors for electronic equipment

This fourth edition cancels and replaces the third edition issued in 1999 and constitutes a
technical revision, including minor revisions related to tables, figures and references.

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

e implementation of Annex Q which replaces Clause 3.

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

FDIS Report on voting
40/1915/FDIS 40/1924/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table. Documents
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The QC number that appears on the front cover of this publication is the specification number
in the IECQ Quality Assessment System for Electronic Componenets (IECQ).

A list of all the parts of the IEC 60384 series, under the general title Fixed capacitors for use
in electronic equipment, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

»

Documents
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General

1.1  Scope

This part of IEC 60384 is a generic specification and is applicable to fixed Capacitors for use

in electronic equipment.

ectional

It establishes standard terms, inspection procedures and methods<o
3 Qr “arly other

and detail specifications of electronic components for quality
purpose.

1.2 Normative references

The following referenced documents are indispensdble fs ¢ pjon of this document.
For dated references, only the edition cited appl nces, the latest edition
of the referenced document (including 2

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

IEC 60068-2-14:1984, Environmental testing — Part 2: Tests — Test N: Change of temperature
IEC 60068-2-17:1994, Environmental testing — Part 2-17: Tests — Test Q: Sealing
IEC 60068-2-20:1979, Environmental testing — Part 2-20: Tests — Test T: Soldering

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

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

IEC 60068-2-29:1987, Environmental testing — Part 2-29: Tests — Test Eb an(bgwdance
Bump cuments
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IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-45:1980, Environmental testing — Part 2-45: Tests — Test XA and guidance:
Immersion in cleaning solvents

IEC 60068-2-54:2006, Environmental testing — Part 2-54: Tests — Test Ta: Solderability
testing of electronic components by the wetting balance method

IEC 60068-2-58:2004, 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 60068-2-78:2001, Environmental testing — Part 2-78: T¢
steady state

ISO 3, Preferred numbers — Series of preferred numbers

ISO 1000, S/ units and recommendations for the use of their multiples and of certain other units

ISO 9000, Quality management systems — Fundamentals and vocabulary

2 Technical data

2.1 Units and symbols

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

1 To be published. Documents
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- |EC 60027;

— |IEC 60050 (series);
- |IEC 60617;

— 1S0O 1000.

When further items are required, they should be derived in accordance with the principles of
the publications listed above.

2.2 Terms and definitions

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

221
a.c. capacitor
capacitor designed essentially for application with alternating voltages

2.2.2

bipolar capacitor (for electrolytic capacitors)
electrolytic capacitor designed to withstand an altg
applied direct voltage

or reversal of the

223

category of passive flammability
category of passive flammability is give
of flame application

224

range of ambient te

continuously; this f gi
22,5

category voltage A
maximum voltage pplied continuously to a capacitor at its upper category
temperature

capacitor has been designed to operate
pper category temperature

2.2.6

capacitor designed essentially for application with direct voltage

NOTE A d.c. capacitor may not be suitable for use on a.c. supplies.

2.2.7

family (of electronic components)

group of components which predominantly displays a particular physical attribute and/or fulfils
a defined function

228

grade

term to indicate an additional general characteristic concerning the intended application of the
component

Documents
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229

insulated capacitor

capacitor in which all terminations of a section may be raised to a potential different (but not
less than the rated voltage) from that of any conducting surface with which the case is liable
to come into contact in normal use

2.2.10

lower category temperature

minimum ambient temperature for which a capacitor has been designed to operate
continuously

2211

maximum storage temperature

maximum ambient temperature which the capacitor withstands in the
without damage

tiag condition

2.2.12
maximum temperature of a capacitor
temperature at the hottest point of its external surface

NOTE The terminations are considered to be part of the externg¥surface:

2.2.13

minimum storage temperature
minimum ambient temperature which
without damage

the non-operating condition

2.2.14

NOTE The termina@r

2.2.15

2.2.16

ability of a ¢apacitor\to bdrn with a flame as a consequence of the application of an external
source of heat

2217

polar capacitor (for electrolytic capacitors)

capacitor intended for use with a unidirectional voltage connected according to the polarity
indication

2.2.18
pulse capacitor
capacitor for use with pulses of current or voltage

NOTE The definitions of IEC 60469-1 and IEC 60469-2 apply.

2.2.19
pulse equivalent circuit of a capacitor
equivalent circuit consisting of an ideal capacitor in series with its residual inductance and the

equivalent series resistance (ESR) Documents
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NOTE For pulse operation the equivalent series resistance will be similar to, but not identical with, the ESR
measured with a sinusoidal voltage. The pulse ESR should take into account the series of harmonics in the pulse
and the variation of the losses with frequency.

2.2.20

rated a.c. load

maximum sinusoidal a.c. load which may be applied continuously to the terminations of a
capacitor at any temperature between the lower category temperature and the rated
temperature (see 2.2.24); it may be expressed:

a) at low frequencies as a rated a.c. voltage;

b) at high frequencies as a rated a.c. current;

c) atintermediate frequencies as a rated reactive power (var).
This is shown in Figure 1.
A
Reactive power

o
2
g limited (var) NN
2
©
©
5]
o
Voltage limited % ent limited
N -
Q Frequency
IEC 1190/08
NOTE 1 For a particular |typ i it n necessary to specify one or more of the above
characteristics.
NOTE 2 Capacitors@% s spexification are normally less than 500 var at 50 Hz to 60 Hz. Low
frequencies may be 50 H z 210\ 120" Hz, or 400 Hz. Voltages may be up to 600 V r.m.s. at 50 Hz to
60 Hz. However, capaci i nitter or converter circuits may be required to operate under power
over a wide range of<{req to 10/kvar at the higher frequencies with voltages up to 1 000 V r.m.s.

2.2.21

terminations of a capacitor at any temperature between the lower category temperature and
the rated temperature (see 2.2.24); it may be expressed as a) and b) and any of the
remaining items:

W)

peak current per uF or du/dt (V/us);

[}

relative duration of charge and discharge periods;

o O

)

)

) current;
) peak voltage;
)

D

peak reverse voltage;
f) pulse repetition frequency (see note 1);

g) maximum active power.

These parameters are fixed for periodic pulses.

NOTE 1 In the case of intermittent pulses, the duty cycle should be specified. In the case of randoaow ments
total number expected over a given time period should be stated.
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NOTE 2 The r.m.s. pulse current should be calculated in accordance with IEC 60469-1, 2.5.2.4. In the case of
intermittent or random pulses, the time interval should be chosen to correspond with the maximum temperature
rise.

2.2.22

rated ripple current

r.m.s. value of the maximum allowable alternating current of a specified frequency, at which
the capacitor may be operated continuously at a specified temperature

NOTE As the ripple current will generate a ripple voltage across the capacitor, the sum of the direct voltage and
the peak value of the alternating voltage applied to the capacitor should not exceed the rated voltage or
temperature derated voltage as applicable.

2.2.23

rated ripple voltage
r.m.s. value of the maximum allowable alternating voltage
superimposed on the d.c. voltage at which the capacitor may be
specified temperature

NOTE The sum of the direct voltage and the peak value of the altern
not exceed the rated voltage or temperature derated voltage, as appli

2.2.24
rated temperature
maximum ambient temperature at whig 2 C gontinuously applied

2.2.25
rated voltage (Ug)

2.2.25.1
rated d.c. voltage
maximum d.c. voltage

temperature
NOTE Maximum d.c. ;o

the capacitor.

continuously to a capacitor at the rated

ve d.¢. voltage and peak a.c. voltage or peak pulse voltage applied to

2.2.25.2
rated a.c. vo

rated pulse voltage
peak value of the pulse voltage within a given pulse wave form which may be applied
continuously to a capacitor at the rated temperature

2.2.26
reverse voltage (for polar capacitors only)
voltage applied to the capacitor terminations in the reverse polarity direction

2.2.27

self-healing

process by which the electrical properties of the capacitor, after a local breakdown of the
dielectric, are rapidly and essentially restored to the values before the breakdown

2.2.28

style

subdivision of a type, generally based on dimensional factors, which may include several
variants, generally of a mechanical order Documents

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

60384-1 © IEC:2008(E) - 15—

2.2.29
subfamily (of electronic components)
group of components within a family manufactured by similar technological methods

2.2.30

surface mount capacitor

fixed capacitor whose small dimensions and nature or shape of terminations make it suitable
for use in hybrid circuits and on printed boards

2.2.31

surge voltage ratio
quotient of the maximum instantaneous voltage which may be applied to the terminations of
the capacitor for a specified time at any temperature within the category perature range
and the rated voltage or the temperature derated voltage, as appropriate

2.2.32

tangent of loss angle (tan J)
power loss of the capacitor divided by the reactive pew
voltage at a specified frequency

at a sinusoidal

2.2.33

maximum variation of capacitance p
category temperature range, normally ¢
to a reference temperature of 20 °C

2.2.34

temperature co <

rate of change of /capae I emperature measured over a specified range of
temperature, normaé ; s per million per kelvin (10'6/K)

2.2.35

maximum irreversible/variation of capacitance observed at room temperature during or after
the completion of a number of specified temperature cycles; it is expressed normally as a
percentage of the capacitance related to a reference temperature, usually 20 °C

NOTE 1 The term characterizing this property applies to capacitors of which the variations of capacitance as a
function of temperature are linear or approximately linear and can be expressed with a certain precision.

NOTE 2 The conditions of measurement, during or after temperature cycling, a description of the temperature
cycle and the number of cycles, should be stated.

2.2.36

temperature derated voltage

maximum voltage that may be applied continuously to a capacitor, when it is at any
temperature between the rated temperature and the upper category (see Figure 2)

NOTE Information on the voltage/temperature dependence at temperatures between the rated temperature and
the upper category temperature should, if applicable, be given in the relevant specification. D
ocuments

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

- 16 - 60384-1 © IEC:2008(E)

A

Voltage
UR Temperature
/ derated voltage
Ugt-———————

2.2.37

temperature rise
temperature rise of the capacitor relative to the 3
in the capacitor due to operation unde S

emperature resulting from the losses
gchae conditions

2.2.38
time constant

2.2.39
type

group of components kavihg si
them to be con <

inspection; they are’g

dualification approval or for quality conformance
a single detail specification

2.2.40
uninsulate
capacitor i
different (but no han the rated voltage) from that of any conducting surface with which
the case is liable to Come into contact in normal use

2.2.41

upper category temperature

maximum ambient temperature for which a capacitor has been designed to operate
continuously

2.2.42

variation of capacitance with temperature

variation of capacitance with temperature expressed either as the temperature characteristics
of capacitance or as the temperature coefficient of capacitance

2.2.43
visible damage
visible damage which reduces the usability of the capacitor for its intended purpose
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2.3 Preferred values
2.3.1 General

Each sectional specification shall prescribe the preferred values appropriate to the subfamily;
for nominal capacitance see also 2.3.2.

2.3.2 Preferred values of nominal capacitance

The preferred values of nominal capacitance shall be taken from the series specified in
IEC 60063.

2.3.3 Preferred values of rated voltage

The preferred values of the rated voltage are the values of the R10 se
-16-20-25-3,15-4,0-5,0-6,3-28,0 and their decimal m

2.4 Marking
241 General

The sectional specification shall indicate the identifigation criterts other information to be

shown on the capacitor and/or packing.

2.4.2 Coding

When coding is used for
shall be selected from tha

3  Quality assis
When this standafd

assessment system

(IECQ), the relewant\cla » \ Q apply.
NOTE Clause Annex Q. To maintain reference to previous editions of this standard, the
clause nu ave been converted into the clause numbers of Annex Q as shown by the following

examples:

Clause 3.1
Clause 3.1.2
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4 Tests and measurement procedures

General information on test and measurement procedures Subcl.
General 4.1
Standard atmospheric conditions 4.2
Drying 4.3
Storage 4.25
Mounting (for Surface mount capacitors only) 4.33

Electrical tests and measurements
Insulation resistance 4.5
Voltage proof 4.6
Capacitance 4.7
Tangent of loss angle and equivalent series resistance (ESR) 4.8
Leakage current 4.9
Impedance 4.10
Self-resonant frequency and inductance 4.11
Variation of capacitance with temperature 4.24
Surge 4.26
High surge current test 4.39
Charge and discharge tests and inrush currermt 4.27
Dielectric absorption 4.36

Voltage transient overload (for alumini a pacitors with non- 4.40

Visual examination and.check of di 3 4.4

Outer foil terminatio 4.12
Robustness of terfrnina 4.13
Vibration 4.17
Bump 4.18
Shock 4.19
Container seah 4.20
Shear test 4.34
Substraté bendi 4.35
Environg
Rapid chahge\of.temperature 4.16
Climati 4.21
Damp heat (Steady state) 4.22
Endurance 4.23
Characteristics at high and low temperature 4.29
Thermal stability test 4.30
Accelerated damp heat, steady state (for multilayer ceramic capacitors only) 4.37
Tests related to component assembly
Resistance to soldering heat 4.14
Solderability 4.15
Component solvent resistance 4.31
Solvent resistance of marking 4.32
Test related to safety
Pressure relief (for aluminium electrolytic capacitors) 4.28
Passive flammability 4.38
Documents
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4.1 General

The sectional and/or blank detail specification shall indicate the tests to be made, which
measurements are to be made before and after each test or subgroup of tests, and the
sequence in which they shall be made. 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 specifications, they shall be fully described.

Limits given in all specifications are absolute limits. The principle to take measurement
uncertainty into account shall be applied (see IEC QC 001002-3, Annex C to Clause 2).

4.2 Standard atmospheric conditions

4.21 Standard atmospheric conditions for testing

Unless otherwise specified, all tests and measurements sk r standard

atmospheric conditions for testing as given in IEC 60068-1,

— temperature: 15 °C to 35 °C;
— relative humidity: 25 % to 75 %;
— air pressure: 86 kPa to 106 kPa.

Before the measurements are made
temperature for a time sufficient to allow
period as prescribed for recovery at th

results shall, where nec - e specified temperature. The ambient
temperature during the f he stated in the test report. In the event of a
dispute, the measurements’sk ated usmg one of the referee temperatures (as given
in 4.2.3) and su@ itfon®

Unless otherwise specified recovery shall take place under the standard atmospheric
conditions for testing (4.2.1).

If recovery under closely controlled conditions is necessary, the controlled recovery
conditions of IEC 60068-1, 5.4.1 shall be used.

Unless otherwise specified in the relevant specification, a duration of 1 h to 2 h shall be used.

The definition of recovery is as given in IEC 60068-1, 4.1.3, being further restricted for
capacitors as follows:

When a recovery period is specified as, for example, 1 h to 2 h, this means that measurement
(or other subsequent action) on a batch of capacitors may start after 1 h and shall be
completed before 2 h from the beginning of the recovery period.

The preferred method of specifying a recovery period is in the form "x h to » h" Documents
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4.2.3 Referee conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken from
IEC 60068-1, 5.2, as given in Table 1 below, shall be selected.

Table 1 — Referee conditions

Temperature Relative Air pressure
humidity
°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 86toy§

4.2.4 Reference conditions

For reference purposes, the standard atmospheric c itigns . fON referende given in
IEC 60068-1, 5.1 apply:

— temperature: 20 °C;
— air pressure: 101,3 kPa.

4.3 Drying
Unless otherwise specified in the releva

96 h + 4 h by heating in a circulating
humidity not exceeding 20/

oven to the begi

4.4 Visual exami

4.4.2 Dimensions (gauging)

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

When applicable, measurements shall be made in accordance with IEC 60294 or IEC 60717.

4.4.3 Dimensions (detail)

All dimensions prescribed in the detail specification shall be checked and shall comply with
the values prescribed.

Documents

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

60384-1 © IEC:2008(E) -21-

4.5 Insulation resistance
4.51 Preconditioning

Before this measurement is made, the capacitors shall be fully discharged.

4.5.2 Measuring conditions

Unless otherwise specified in the relevant specification, the insulation resistance shall be
measured at the voltage specified in Table 2.

The insulation resistance shall be measured after the voltage has been applied for60s + 5 s,
unless otherwise prescribed in the detail specification.

Table 2 — Measurement of insulation resist?\\

Voltage rating of Measuring volta
capacitor

\

Ugor U, <10
10 < Uz or U, <100
100 < Uy or U, <500

500 < Ug or U,

Ugr is the rated voltage
atmospheric condifions

hall’be measured between the measuring points defined in Table 3,
ecification.

Test A, between inations, applies to all capacitors, whether insulated or not.

Test B, internal insulation, applies to insulated capacitors in uninsulated metal cases and to
insulated and uninsulated multiple section capacitors.

Test C, external insulation, applies to insulated capacitors in non-metallic cases or in
insulated metal cases. For this test, the measuring voltage shall be applied using one of the
three following methods as specified in the relevant specification:

4.5.4 Test methods
4.5.4.1 Foil method

A metal foil shall be closely wrapped around the body of the capacitor.

For capacitors with axial terminations this foil shall extend beyond each end by not less than
5 mm, provided that a minimum distance of 1 mm can be maintained between the Dimei“hﬁents

Document Sharing Hub

Full document details: IEC 60384-12008


http://www.avadocuments.com/doc/iec-60384-1-2008
http://www.avadocuments.com/doc/iec-60384-1-2008

—22- 60384-1 © IEC:2008(E)

terminations. If this minimum distance cannot be maintained, the extension of the foil shall be
reduced by as much as is necessary to establish the distance of 1 mm.

For capacitors with unidirectional terminations, a minimum distance of 1 mm shall be
maintained between the edge of the foil and each termination.

4.5.4.2 Method for capacitors with mounting devices

The capacitor shall be mounted in its normal manner on a metal plate, which extends at least
12,7 mm in all directions beyond the mounting face of the capacitor.

4.5.4.3 V-block method

The capacitor shall be clamped in the trough of a 90° metallic V-block™q ize that the
capacitor body does not extend beyond the extremities of the block.

block;

For cylindrical and rectangular cap
positioning of the terminations_at theirken

4.5.5 Temperature

When prescribe
made shall be noted

a) the measur
points;

ing ponts and the measuring voltage corresponding to each of these test

the method of applying the voltage (one of the methods described in 4.5.4);
time of electrification if other than 1 min;
any special precautions to be taken during measurements;

any correction factors required for measurement over the range of temperatures covered
by the standard atmospheric conditions for testing;

f) the temperature of measurement if other than the standard atmospheric conditions for
testing;

g) the minimum value of insulation resistance for the various measuring points (see Table 3).
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Table 3 — Measuring points

Test

Applicable to:

1: Single-section
capacitors

2: Multiple-section
capacitors having
common termination
for all sections

3: Multiple-section
capacitors having
no common
termination

A. Between terminations
(see note)

All capacitors

1a: Between
terminations

2a: Between each of
the terminations and
the common termin-
ation

3a: Between termin-
ations of each
section

B. Internal insulation

Insulated single-
and multiple-
section capacitors
in uninsulated
metal cases (1b,
2b, 3b)

1b: Between ter-
minations con-
nected together
and the case

2b: Between all
terminations con-
nected together and
the case

3b: Between all

terminations con-

nected together and
case

Insulated and
uninsulated
multiple-section
capacitors (2c and
3c)

twg termin-
atiows of each

>ection being
connected together

C. External insulation

Insulated capaci-
tors in non-metallic
cases orin
insulated metal
cases

1c: Between t
two terminations

3d:

Between all terminations connected
together and, as appropriate: the metal foil,
the metal plate or the metal V-block

NOTE Where a capacitor has
insulated from one angther

the measuring point
case or mounting fac

The test circuit elermients shall be selected in such a way as to ensure that the conditions

relating to the charging and discharging currents and the time constant for charging,
prescribed in the relevant specification, are maintained.

Figure 3 specifies the characteristics of a suitable test circuit.

The resistance of the voltmeter shall be not less than 10 000 Q/V.

The resistor Ry includes the internal resistance of the voltage source.

The resistors Ry and R, shall have a value sufficient to limit the charging and discharging
current to the value prescribed in the relevant specification.

The capacitance of capacitor C, shall be not less than 10 times the capacitance of the

capacitor under test.
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