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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields| o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG~Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deqt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé)nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.hetWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 60384-9:2015. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60384-9 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2015. This edition
constitutes a technical revision.

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

a) The document has been completely restructured to comply with ISO/IEC Directives, Part 2
and to make it more useable; tables, figures and references have been revised accordingly.

nex X contains all cross-references of changes in clause/subclause numbers.

b) The requirements of reference temperature 25 °C have been added in Table # \JFable 9,
Thble 11, Table 13 and Table 15.

c) The table of temperature characteristics of capacitance for the reference temperature 2

hfave been added in Table B.1, Table B.2 and Table B.3.

d)
e)

The

Full i
the 4

The |

This
acco
at w
desc

A list
use i

The
stabi
spec

nex B has been changed from informative to normative.

lause C.5 (Test schedule for quality conformance inspection) has’been newly add
ithdraw the blank detail specification: IEC 60384-9-1.

ext of this International Standard is based on the following‘documents:

Draft Repgrt on voting

40/3145/FDIS 40/3162/RVD

5°C

bd to

hformation on the voting for its approval can™be found in the report on voting indicated in

bove table.
anguage used for the developmentiof this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in thelEC 60384 series, published under the general title Fixed capacito
n electronic equipment, can be found on the IEC website.

are

rs for

ommittée)has decided that the contents of this document will remain unchanged untjl the

ity date*indicated on the IEC website under webstore.iec.ch in the data related t
fic’doecument. At this date, the document will be

b the

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 9: Sectional specification —
Fixed capacitors of ceramic dielectric, Class 2

1+—General

2024

41 $cope

This [part of IEC 60384 is applicable to fixed capacitors of ceramic dielectric with a defined
tempgrature coefficient (dielectric Class 2), intended for use in electronic equipmeént, incl
leadlpss capacitors but excluding fixed surface mount multilayer capacitors of ceramic dielgctric,
whiclh are covered by IEC 60384-22 (Class 2).

Caps

IEC $0384-14.

1.2 | Object

The

seled
meas

Test

sectipn

ding

citors for electromagnetic interference suppression are not in€luded, but are covergd by

pbject of this document is to-preseribe specify prefécred ratings and characteristics and to
t from IEC 60384-1:20082021 the appropriate quality assessment procedures, testg and
uring methods and to give general performance requirements for this type of capagitor.
sever|t|es and requlrements—p#esepmed specified in detail speC|f|cat|ons refernng tc-—this

MeLra;eLneppem%ted th|s document prowde speC|f|c test severltles and requwements

equa

and detail specifications can be found i¥the Introduction of IEC 60384-1:2021.

2 Normative references

3f an

| or higher performance level. Furthepinformation on the conception of generic, secfional

The following documents are referred to in the text in such a way that some or all of their conptent
itutes requirements.of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including
dments) applies!

cons
For
amer

blies.
any

IEC 60384-1:20082021, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification

IEC 61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages
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3 Terms and definitions

For the purposes of this document, the-applicable terms and definitions given in IEC 60384-1
and the following apply.

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

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1
fixed-capacitors; capacitor of ceramic dielectric, Class 2
capatitor which has a dielectric with a high permittivity and is suitable for by-passyand coupling
applifpations or for frequency discriminating circuits where low losses and high stability of
capatitance are not of major importance

Note {1 to entry: The ceramic dielectric is characterized by the non-linear change of capacitance over the cajegory
temperature range (see Table 2).

3.2
subdlass
<Cla$s 2> maximum percentage change of capacitance within‘the category temperature fange
with fespect to the capacitance at the reference temperature.20 °C or 25 °C

Note {1 to entry: The subclass may be expressed in code form (see/Table 2 and Annex B).

3.3
rated voltage
Ur
maximum DC voltage that-may can be applied continuously to the terminations of a capacitor
at the rated temperature

Note 1 to entry: Maximum DC voltage js'the sum of the DC voltage and peak AC voltage or peak pulse vpltage
appliefd to the capacitor.

sod

4 PRreferred ratings and characteristics

4.1 Preferred-characteristics

Prefgrred_climatic categories only shall be given in the preferred characteristics.

The tapacitars covered by this document are classified into climatic categories in accardance
with the general rules given in IEC 60068-1:2013, Annex A.

For a reference temperature of 20 °C, the lower and upper category temperatures and the
duration of the damp heat, steady state test shall be chosen from the following:

— lower category temperature: -55 °C, -40 °C, -25 °C and -10 °C
— upper category temperature: +70 °C, +85 °C, +100 °C, +125 °C and +150 °C

— duration of the damp heat, steady state 4 days, 10 days, 21 days, and 56 days
test (40 °C, 93 % RH):

For arefence temperature of 25 °C, the lower and upper category temperatures shall be chosen
from Table B.1 in Annex B.
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The severities for the cold and dry heat tests are the lower and upper category temperatures,
respectively.

4.2 Preferred values of ratings
4.21 Rated temperature

For capacitors covered by this document, the rated temperature is equal to the upper category
temperature.

4.2.2 Rated voltage (Ug)

The preferred values of rated voltage are: (25, 40, 63, 100, 160, 250, 400, 630, 1 000,-1|600,
2 500, 4 000 and 6 300) V. These values conform to the basic series of preferredxyalugs R5
giver] in ISO 3. If other values are needed, they shall be chosen from the R10 series. Thel sum
of thg¢ DC voltage and the peak AC voltage or the peak to peak AC voltage, whichever is the
greafer, applied to the capacitor shall not exceed the rated voltage.

Fhe{

=

I

(0]
-

4.2.3 Category voltage (Ug)

Since the rated temperature is defined as the upper catedgory temperature, the category voltage
is equal to the rated voltage, as defined in IEC 6038451:20082021, 3.5.

4.2.j Preferred values of nominal capacitance and associated tolerance values
4.2.41 Preferred values of nominal capacitance

Nominal capacitance values-shall shauld be taken from the E3, E6 and E12 series given in

IEC $0063-preferably.

4.2.4.2 Preferred tolerancé€s on nominal capacitance

Tabl¢ 1 denotes the preferred values of tolerance on nominal capacitance.

Table 1 — Preferred tolerance on nominal capacitance

Preferred series Tolerances Letter code
%
E3 and E6 -20/+80 z
-20/+50 S
E6 +20 M
E6 and E12 +10 K

4.2.5 Temperature characteristic of capacitance

Table 2 shows the temperature characteristic with and without DC voltage applied for the
reference temperature 20 °C. The method of coding the subclass is also given; for example, a
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dielectric with a percentage change of +20 % without DC voltage applied over the temperature
range from —-55 °C to +125 °C, will be defined as a dielectric of Class 2C1. The temperature
characteristics, category temperatures and corresponding codes for the reference temperature
25 °C are given in Annex B.

The temperature range, for which the temperature characteristics of the dielectric is defined, is
the same as the category temperature range.

Table 2 —Preferred-valuesof temperature-characteristics Temperature characteristic of

capacitance

Maximum capacitance change within Category temperature range and
the category temperature range with corresponding number code
respect to the capacitance at 20 °C
cslgt; measured with and ";’_“20‘“ a DC voltage | _55/4150 |-55/+125 | ~55/+85 | -40/+85 | -25/+85 | +10/+85
applie
Iett}r . °C °C °C °C C C
code )
without DC with DC voltage
voltage applied applied 2 0 1 2 R 4 6
2B +10 - * * * -
pie +20 * * X - -
2D +20/-30 Requirements specified - - - x -
in
2E +22/-56 the detail specification - % % % %
2F +30/-80 - * * X X
2R 15 * - - - -
= —= el * - - - -

Wher] the upper category temperature is above 125 °Cuthe limits of capacitance change, both with and withopt DC
voltage applied, should be given in the detail specification.

a8  [OC voltage applied is either rated voltage ‘of¢the voltage specified in the detail specification.

NOTH Annex B can be referred to for _pfeferred values of the temperature characteristics for the refefence
température 25 °C.

5 Test and measurement procedures

5.1 General

This [Clause 5ysupplements the information given in IEC 60384-1:20082021, Clause 45 to
Clause 10:

5.2 | Special preconditioning

Unless otherwise specified in the detail specification, the special preconditioning, when
specified in this document before a test or a sequence of tests, shall be carried out under the
following conditions: exposure at upper category temperature or at such higher temperature as
may be specified in the detail specification for a period of 1 h, followed by recovery for a period
of 24 h £ 1 h at standard atmospheric conditions for testing.

NOTE Class 2 capacitors lose capacitance continuously with time following a logarithmic law (this is called ageing).
However if the capacitor is heated to a temperature above the Curie point of its dielectric then "de-ageing" takes
place, i.e. the capacitance lost through "ageing" is regained, and "ageing" recommences from the time when the
capacitor recools.

The purpose of special preconditioning is to bring the capacitor to a defined stage regardless of its previous history
(see Clause A.4 for further information).
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Visual examination and check of dimensions

See |[EC 60384-1:2008;2021, 7.1.

5.4
5.4.1

5.4.1

Electrical tests
Capacitance

A General

See |IEC 60384-1:20082021, 6.3, with the details of 5.4.1.2 and 5.4.1.3.

5.4.1

The
detai

2024

.2 Measuring conditions

Capacitance shall be measured in accordance with Table 3 and in accordance wit
|s given below Table 3.

Table 3 — Measuring conditions

h the

Reference temperature Subclass Measuring voltage Referee voltage 2
2B, 2C, 2X 1,0+£0,2V 1,0+ 0,02V
20 °C 0,3+x0,2V 0,3+0,02V
2D, 2E, 2F, 2R or as specified in the*detail or as specified in the deiail
specificatjon specification
25°C R,S,T,U 1,0+£4Q,2V 1,0+ 0,02V

O

case of dispute about results of measurements, refereg voltage is applied.

Freq

lency: Cy < 100 pF /=1 MHz unless.6therwise specified in the detail specification
Cn 2 100 pF f=1 kHz £ 20;% for measuring purposes and 1 kHz for referee {
Cy>10puF /=100 Hz or 120 Hz + 20 % with measuring voltage 0,5V *

for meastring purposes and 100 Hz or 120 Hz for referee tests|

ests.

D,2 V

cified

see

5.4.13 Requirements

The ¢apacitance value shall correspond with the rated value taking into account the spe
tolerance.

For referee measurements the capacitance value shall be the value extrapolated to an ageing
time |of 1 000°hy unless otherwise specified in the detail specification (for explanation
Anngx A).

5.4.2

5.4.2

Tangent of loss angle (tan o)

A General

See |IEC 60384-1:20082021, 6.4, with the details of 5.4.2.2 to 5.4.2.4.

5.4.2

.2 Measuring conditions

See 5.4.1.
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5.4.2.3 Accuracy

The accuracy of the measuring instruments shall be such that the measuring error does not
exceed 0,001.

5.4.2.4 Requirements

The tangent of loss angle shall not exceed 0,035, or such lower value as may be given in the
detail specification.

5.4.3 Insulation resistance (R;)

5.4.311 General
See |EC 60384-1:20082021, 6.1, with the details of 5.4.3.2 and 5.4.3.3.

5.4.3|.2 Measuring conditions

See |EC 60384-1:20082021, 6.1.2, with the following details:

For Ur < 100 V, the measuring voltage may be of any value not greater than Ug, the refefence
voltape being Ug.

The yoltage shall be applied immediately at the specified, value for 1 min + 5 s for qualification
approval testing and periodic tests (Group C). For lot<by-lot testing (Group A), the test may be
terminated in a shorter time, if the required value offinsulation resistance is reached.

The product of the internal resistance of the voltage source and the nominal capacitance ¢f the
capatitor shall not exceed 1 s unless otherwisSe—prescribed specified in the detail specification.

The ¢harge current shall not exceed 0,05’A.

The insulation resistance (R;) shall be measured at the end of the 1 min period.

5.4.3/.3 Requirements

The insulation resistance (R;) shall meet the requirements given in Table 4.

Table 4 — Insulation resistance requirements

Style Measuring points Cy S25nF Cy > 25nF
R, R, x Cy
Insulated Ta and 1c
24 000 MQ 2100 s
Non-insulated 1a

5.4.4 Voltage proof
5.4.4.1 General
See IEC 60384-1:20082021, 6.2, with the details of 5.4.4.2 t0 5.4.4.4.

5.4.4.2 Test conditions

The product of R; and the nominal capacitance C, shall be smaller than or equal to 1 s.
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The charge current shall not exceed 0,05 A.

5.4.4.3 Test voltage
The voltages in Table5 shall be applied between the measuring points of

IEC 60384-1:20082021, Table 3, for a period of 1 min for qualification approval testing and for
a period of 1 s for the lot-by-lot quality conformance testing.

Table 5 — Test voltages

Type Rated voltage Test voltage
\ \Y
Leaded multilayer ceramic Ug = 100 2,5 Ug
capdcitors
100 < Uy = 200 1,5 Ug + 100
200 < Ug = 500 1,3 Ug #1100
500 < Uy 1,8 Ug
Othefrs Ug < 500 2,5 Ug
Ug > 500 1,5 Ug + 500

NOTE—If Ug > 500V, then the test voltage for Test C (external insulation)\i§s/1,5 U, + 500 V or as specified ip the
detall specification.

5.4.4.4 Requirement

Therg shall be no breakdown or flashover during the test.

5.5 | Temperature characteristic of capacitance (reference temperature 20 °C)
5.5.1 Special preconditioning

See $.2.

5.5.2 Measuring conditions

See |EC 60384-1:20082021, 6.8.1.2 and 6.8.1.3, with Table 6.

The neasuringssteps and conditions for a reference temperature 25 °C are given in Annex B.
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Table 6 — Details of measuring conditions

NOTH
NOT

give
temg
resu
mea
6.8.1

E-3—Reference capacitance is the capacitance measured at Step 3.

Measuring step Temperature DC voltage applied
°C
1 20+ 2 -
2 T,2+3 -
3 20+ 2 -
b -
4 TgP+2
5 T +2 X
B
6 20+ 2 X
7 Tpt3 X
8 20+ 2 =
NOTE "-"indicates: no DC voltage applied.
"x" indicates: DC voltage applied (if specified in the detail specification)
NOHE 2 Intermediate measurement temperatures are used when ensuring the requirements of 4.2.5.

E-4—Because of the effects described in the Note in 5.2, the capacitahce values measured at temperg

refeflence, Steps 5 to 7, with DC voltage applied, are time dependent™\Fhis time dependency is included i

limits for capacitance change. The capacitance change between the first and the last measuremen
erature reference, Steps 1 and 8, indicates the amount of@geing involved. In case of a dispute abou
ts of measurements with DC voltage applied, it is advisable’ to agree upon a fixed time interval bet
surements at temperature reference, Steps 5 and 7 with DC voltage applied (see IEC 60384-1:2008%

3).

ture
the
Is at
t the
veen
021,

a

b7

Lower category temperature.

Upper category temperature.

5.5.3
The

Requirements

Variation of capacitance_shall be calculated in accordance with IEC 60384-1:20082
6.8.3

1.

The temperature characteristics with and without DC voltage applied shall not exceed the v

giver

5.6

See

in Table 2.

Robustness of terminations

EC/60384-1:20082021, 7.3.

021,

hlues

5.7

5.7.1

Resistance to soldering heat

General

See |IEC 60384-1:20082021, 9.1, with the details of 5.7.2 to 5.7.5.

5.7.2 Special preconditioning
See 5.2.
5.7.3 Initial measurement

The capacitance shall be measured in accordance with 5.4.1.
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Recovery

The capacitors shall recover for a period of 24 h + 2 h.

2024

5.7.5 Final inspection, measurements and requirements
The capacitors shall be visually examined. There shall be no visible damage and the marking
shall be legible.

The capacitances shall be measured in accordance with 5.4.1, and the capacitance change

shall

not exceed the values in Table 7.

5.8
5.8.1

See

5.8.2

The
spec
soldq

Table 7 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B, 2C and 2X +10 %

2D and 2R +15 %

2E and 2F +20 %

NOTE 1 See 4.2.5 for explanation of the subclass codes.

Reference temperature 25 °GC

Subclass Requirements
R +10 %
S +10 %
T +15 %
u +20%

NOTE 2 See-2.2.5 Table B.2 for-explanation of the subclass codes.

Solderability
General

EC 60384-1:20082021, 9.2, with the details of 5.8.2 to 5.8.3.

Test conditions

requirements for the globule test method shall be—prescribed specified in the
fication.” When neither the solder bath nor the solder globule method is appropriat
ricig iron test shall be used with soldering iron size A.

letail
e the

5.8.3

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, or see the detail specification for the wetting balance method.

5.9
5.9.1

Rapid change of temperature (if required)

General

See |IEC 60384-1:20082021, 8.1, with the details of 5.9.2 to 5.9.5.

5.9.2

Special preconditioning

See 5.2.
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5.9.3

Initial measurement

The capacitance shall be measured in accordance with 5.4.1.

5.9.4

Test conditions

Number of cycles: 5.

Duration of exposure at the temperature limits: 30 min.

5.9.5

Recovery

The

5.10
5.10.

See

5.10.

The 1

The
mour

apacitors shall recover for a period of 24 h £ 2 h.

Vibration
1 General

EC 60384-1:20082021, 7.4, with the details of 5.10.2 and 5.10.3.

2 Test conditions
ollowing degree of severity of test Fc applies:

0,75 mm displacement or 100 m/s2, whichever is,the lower amplitude, over one g
following frequency ranges: 10 Hz to 55 Hz, 10 Hz to 500 Hz, 10 Hz to 2 000 Hz
total duration of the test shall be 6 h.

jetail specification shall specify the frequency range and shall also-presecribe specif]
ting method to be used. For capacitors-with axial leads and intended to be mountg

f the
The

y the
d by

the lgads only, the distance between the body and the mounting point shall be 6 mm + 1 mm.

5.10.

The

5.11
5.11.

See

The
shoc

3 Final inspection, measurements and requirements

apacitors shall be visually eéxamined. These shall be no visible damage.

Bump (repetitive shock)
1 General

EC 60384-1:20882021, 7.5, with the details of 5.11.2 to 5.11.4.

Hetail specification shall state whether the bump (repetitive shock) or the non-repe
test applies.

titive

5.11.

5 tritiat I

Not required.

5.11.

3 Test conditions

The detail specification shall state which of the following preferred severities applies:

Total number of bumps: 1 000 or 4 000
Acceleration: 400 m/s2 } {100 m/s?
or

Pulse duration: 6 ms 16 ms
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The detail specification shall also—preseribe specify the mounting method to be used. For
capacitors with axial leads and intended to be mounted by the leads only, the distance between
the body and the mounting point shall be 6 mm £ 1 mm.

5.11.4 Final inspection, measurements and requirements

The capacitors shall be visually examined and measured and shall meet the requirements given
in 5.12.4.

5.12 Shock (non-repetitive shock)

5.12 T General

See |EC 60384-1:20082021, 7.6, with the details of 5.12.2 to 5.12.4.

The getail specification shall state whether the bump (repetitive shock) or the, non-repstitive
shock test applies.

5.12.2 Initial measurements

Not required.

5.12;3 Test conditions

The detail specification shall state which of the preferred{severities applies as stated in Table 8.
Pulsg-shape: half-sine.

Table 8 — Preferred severities (of non-repetitive shock)

Peak acceleration Corresponding duration of the pulse
m/s? ms
300 18
500 11
1°000 6

The fetail specification shall also—presecribe specify the mounting method to be used| For
capatitors with dxial leads and intended to be mounted by the leads only, the distance betyween
the blody and-the mounting point shall be 6 mm £ 1 mm.

5.124 , Fihal inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage and the marking
shall be legible.

The capacitance shall be measured in accordance with 5.4.1, the change shall not exceed the
values in Table 9.
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Table 9 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B, 2C and 2X +10 %

2D and 2R +15 %

2E and 2F +20 %

NOTE 1 See 4.2.5 for explanation of the subclass codes.

Reference temperature 25 °C

Subclass Requirements
R +10%
S +10%
T +15%
u +20%

NOTE 2 See-2-2.5 Table B.2 for explanation of the subclass codes.

5.13| Climatic sequence
5.131 General
See |EC 60384-1:20082021, 8.2, with the details of 5)13.2 to 5.13.8.

5.13.2 Special preconditioning

See .2.

5.13.3 Initial measurements

The ¢apacitance shall be measured’in accordance with 5.4.1.

5.134 Dry heat
See |[EC 60384-1:20082021, 8.2.3.

5.13/5 Damp heat, cyclic, Test Db, first cycle
See |EC 60384-1:20082021, 8.2.4.

5.13/6.</Cold

See IEC 60384-1:20082021, 8.2.5, with the following detail.
The capacitor shall be visually examined. These shall be no visible damage.

5.13.7 Low air pressure
5.13.7.1 General
See IEC 60384-1:20082021, 8.2.6, with the details of 5.13.7.2 to 5.13.7.4.

5.13.7.2 Test conditions

The test, if required in the detail specification, shall be carried out at a temperature of 15 °C to
35 °C and a pressure of 8 kPa.
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The duration of the test shall be 1 h.

5.13.

Immediately after achieving the low pressure, Ug shall be applied for 1 min to 2 min.

5.13.

The capacitors shall be visually examined. These shall be no visible damage.

5.13.
5.13.

See

5.13.

7.3 Test procedures

7.4 Final inspection and requirements

8 D heat lic. Tost DI - !

8.1 General

EC 60384-1:20082021, 8.2.4, with the details of 5.13.8.2 to 5.13.8.4:

8.2 Test conditions

The {est conditions are shown in Table 10.

No v

5.13.

The

5.13.

The

Ther

The ¢

bltage is applied.

Table 10 — Number of damp heat cycles

Category Number of cycles of 24 h
-/-156 5
-/-121 1
-/-110 1
-/-104 0

8.3 Recovery

apacitors shall recoverfor24 h £ 2 h.

8.4 Final inspection, measurements and requirements

apacitors shallkbe visually examined.

b shall bevno visible damage and the marking shall be legible.

If th¢ ‘capacitance value is less than the minimum value permitted, then after the

apacitors shall be measured and shall meet the following requirements given in Tabl

e 11.

bther

measurements have been carried out the capacitor shall be preconditioned in accordance with

5.2a

nd then the requirement in Table 11 shall be met.
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Table 11 — Final inspection measurements and requirements
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(whichever is less of the two values)

Measuring Requirements (reference temperature 20°C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B, 2C and 2X 2D and 2R 2E 2F
Capacitance 5.4.1 AC/C<210% | AC/C<£15% | AC/C<£220% | AC/C =+ 30 %
Tangent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R,2 1000 MQorR;xCyz225s
Insulation resistance 5.4.3

(whichever isdess’of the two values)

NOTE 1 See 4.2.5 for explanation of the subclass codes.
Measuring Requirements (reference temperature 25°G)
Measurement conditions Subclasses Subclasses Subclasses Subclasges
R S T u
Capacitance 5.4.1 AC/C£215% | AC/C<+£15% | AC/C {3715 % | AC/C<+£20%
Tapgent of loss angle 5.4.2 < 2 x value of 54%2.3
R, 21000 MQ of /' C 225 s
Inqulation resistance 5.4.3

NOTE 2 See Table B.2 for an explanation of the subclass codes.

5.14| Damp heat, steady state
5.141 General

See

5.14.2 Special preconditioning
See 5.2.

5.143 Initial measurement
The

5.144 Test conditions

apacitance shallbe measured in accordance with 5.4.1.

EC 60384-1:20082021, 8.3, with the.fetails of 5.14.2 to 5.14.6.

No voltageds.applied, unless otherwise specified in the detail specification.

The

severity of the test should be selected from the test conditions as shown in Table 12

and

as specified in the detail specification.

The duration time of the test should be selected in accordance with 4.1 and shall be specified
in the detail specification.
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Table 12 — Test conditions for damp heat, steady state

Severity Temperature Relative humidity
°C %
1 +85+ 2 85+3
2 +60 + 2 93+3
3 +40 2 93+3

When-the ::pplm:mnn of \/nl’rngn is prncr\rlhnd cpnmfmrl’ ”n shall be qpplmd to one half of the

lot and no voltage shall be applied to the other half of

5.14/5 Recovery

the lot.

The ¢apacitors shall recover for a period of 24 h £ 2 h.

5.146 Final inspection, measurements and requirements

The ¢apacitors shall be visually examined.

Therg¢ shall be no visible damage and the marking shall be legible.

The gapacitors shall be measured and shall meet the %équirements given in Table 13. If the
capatitance value is less than the minimum value permitted, then after the other measurements
have| been made the capacitor shall be preconditioned in accordance with 5.2 and thep the

requirement in Table 13 shall be met.

Table 13 - Final inspection;\measurements and requirements

(whichever is less of the two values)

Measuring Requirements (reference temperature 20°C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B, 2C and 2X 2D and 2R 2E 2F
Capacitance 5.41 AC/C<210% | AC/C<215% | AC/C<+20% | AC/C <+ 30 %
Tanpgent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R,21000MQorR, xCy225s
Inqulation resistance 5.4.3

NOTE 1 See 4:2.5 for explanation of the subclass codes.

(whichever is less of the two values)

Measuring Requirements (reference temperature 25 °C)
Measurement conditions Subclasses Subclasses Subclasses Subclasges
R S T U
Capacitance 5.4.1 AC/C=215% | AC/C<£15% | AC/C<x15% | AC/C<+£20%
Tangent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R, 21000 MQorR xCy225s
Insulation resistance 5.4.3

NOTE 2 See-2.2.5 Table B.2 for an explanation of the subclass codes.
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5.15 Endurance

5.15.1 General

- 23—

See |IEC 60384-1:20082021, 8.5, with the details of 5.15.2 to 5.15.6.

5.15.2 Special preconditioning

See 5.2.

5.15.3

Initial measurement

The ¢apacitance shall be measured in accordance with 5.4.1.

5.154 Test conditions

The ¢apacitors shall be tested in accordance with Table 14.

Table 14 — Endurance test conditions

temperature

Type Temperature Rated voltage Testrvoltage Duration
\Y \ h
Leaded multilayer Upper category Ug = 200 1,5 Ug 1000
ceramic capacitors temperature
200 < Ug =< 500 1,3 Ug 1500
500 < U{ 1,2 Ug 2 000
Othefrs Upper category Ur 1,5 Ug 1 000

5.15/5 Recovery

The ¢apacitors shall recover for a period of 24 h £ 2 h.

5.15/6 Final inspection, measurements and requirements

The ¢apacitors shall be«visually examined.

Therg¢ shall be nowisible damage and the marking shall be legible.

The gapacitars) shall be measured and shall meet the requirements given in Table 15.

f the

capatitancevalue is less than the minimum value permitted, then after the other measurements

have|bgen/made the capacitor shall be preconditioned in accordance with 5.4.1 and the
requirement in Table 15 shall be met.

n the
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Table 15 — Final inspection, measurements and requirements

. Requirements
Mesetromens 9
conditions Subclasses Subclass Subclass Subclass
2B, 2C-and - 2X 2D-and-2R 2E 2F
B
Insulation 443 R-=>2000-MQ or Ry (y=>50s
A {whicheverisless)
NOTE See 2.2.5 for explanation-of the subclass codes-
Measuring Requirements (reference temperature 20)°C)
Measurement conditions Subclasses Subclasses Subclasses Subclaskes
2B and 2C 2D and 2R 2E 2F
Capacitance 5.4.1 AC/C£+10 % AC/C£+15% ACGE+ 20 % AC/C £+ B30 %
Tanjgent of loss angle 5.4.2 < 2 x value df-6+4.2.3

R, 22000 MQQUR, x C\ 250 s

Insplation resistance 5.4.3
(whichever is_less of the two values)

NOTE 1 See 4.2.5 for an explanation of the subclass codes.

Measuring Requirelents (reference temperature 25 °C)
Measurement conditions Subclasses Subclasses Subclasses Subclaspes
R S T U
Capacitance 5.4.1 AC/C <& 15 % AC/C<+15% AC/C<t 15% | AC/C<+P0 %
Tanjgent of loss angle 5.4.2 <2 x value of 5.4.2.3

R; 22000 MQorR; x Cy250s

Insplation resistance 54.3

(whichever is less of the two values)

NOTE 2 See Table B.2 for an explanation of the subclass codes.

5.16| Component solvent resistance (if applicable)

See |EC 60384:1:20082021, 9.4.

5.17| Salvent resistance of the marking (if applicable)

See IEC’50384-1:20082021 9 5

6 Marking

6.1 General

See |[EC 60384-1:20082021, 4.3, with the details of 6.2 to 6.5.

6.2 Information for marking

The information given in the marking is normally selected from the following list; the relative
importance of each item is indicated by its position in the list:

a) nominal capacitance;
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b) rated voltage (DC voltage may be indicated by the symbol: __ [IEC 60417-5031(2002-10)]
or —)

c) tolerance on nominal capacitance;

d) the dielectric subclass, see Table 2;

e) year and month (or week) of manufacture;

f) manufacturer's name or trade mark;

g) cl

imatic category;

h) manufacturer's type designation;

orn

6.3

The
poss

the marking on the capacitor should be avoided.

6.4

The packaging containing the capacitor(s) shall be clearly marked with all the information
in 6.2.

6.5

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

7 1

7.1

Deta

Deta
blanK

1 9-of the-detail-specificationand indicated in the test schedules, for example by an aster

The i

I) r TCToTTue TU uare ucuaill OPU\;IIIUGLIUII
Inforjnation required under item b) and d) may be given in code form under the manufactu

tional, type or style designation.

Marking on the body

capacitor shall be clearly marked with items a), b) and c) of 6.2 land with as mar
ble of the remaining items as is considered necessary. Any duplication of informati

Marking on the packaging

Additional marking

hformation to be given in a detail specification

General

| specifications shall be derived from the relevant blank detail specification.

| specifications shall'not specify requirements inferior to those of the generic, section

nformation given in 7.2 may for convenience, be presented in tabular form.

rer's,

y as
on in

isted

al or

detail specification. When more severe requirements are included, they shall be-lised-in

sk.

nformatlon in 7 2 to 7 5 shall be glven in each deta|l specmcatlon and the values qy

7.2

Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easy recognition and for comparison
of the capacitor with others.

Dimensions and their associated tolerances, which affect interchangeability and mounting, shall
be given in the detail specification. All dimensions shall-preferably be stated in millimetres,
however when the original dimensions are given in inches, the converted metric dimensions in
millimetres shall be added.

Normally, the numerical values shall be given for the length of the body, the width and height
of the body and the wire spacing, or for cylindrical types, the body diameter, and the length and
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diameter of the terminations. When necessary, for example when a number of items
(capacitance values/voltage ranges) are covered by a detail specification, the dimensions and
their associated tolerances shall be placed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state such
dimensional information as will adequately describe the capacitors. When the capacitor is not
designed for use on printed boards, this shall be clearly stated in the detail specification.

7.3 Mounting

The detail specification shall specify the method of mounting to be applied for normal use and
for the application of the vibration and the bump or shock tests. The design of the capacitor
may |be such that special mounting fixtures are required in its use. In this case, thé*detail
specification shall describe the mounting fixtures and they shall be used in the appticatipn of
the vjbration and the bump or shock tests.

7.4 | Ratings and characteristics
7.4.1 General

The Jratings and characteristics shall be in accordance with the-relevant clauses of this
document, together with the provisions of 7.4.2, 7.4.3 and 7.4.4(

7.4.2 Nominal capacitance range

The pominal capacitance range shall be specified as described in 4.2.4.1.

When products approved to the detail specification have different ranges, the follqwing
statement should be added: "The range ef‘capacitance values available in each voltage rfange
is givien in the register of approvals, available for example on the IECQ on-line certificate syjstem
webdite www.iecq.org".

7.4.3 Particular characteristics

Addifional characteristics ‘may be listed, when they are considered necessary to specify
adeguately the component for design and application purposes.

7.4.4 Soldering

The ¢etail specification shall-prescribe specify the test methods, severities and requirements
applifableferthe solderability and the resistance to soldering heat tests.

7.5 Marking

The detail specification shall specify the content of the marking on the capacitor and on the
packaging. Deviations from Clause 6 shall be specifically stated in the detail specification.

8 AQuality assessment procedures

8.1 Primary stage of manufacture

For single layer capacitors, the primary stage of manufacture is the metallizing of the dielectric
to form the electrode; for multilayer capacitors it is the first common firing of the dielectric-
electrode assembly.
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8.2  Structurally similar components

Capacitors, considered as being structurally similar, are capacitors produced with similar
processes and materials, though they-may can be of different case sizes and values.

8.3 Certified test records of released lots

The information required in IEC 60384-1:20082021, Q.1.5, shall be made available when
prescribed specified in the detail specification and when requested by a purchaser. After the
endurance test, the parameters for which variables information is required are the capacitance
change, tan 6 and the insulation resistance.

8.4 | Qualification approval
8.4.1 General

The [procedures for qualification approval testing are given in IEC 60884-1:20082021,
Clause Q.2.

The gchedule to be used for qualification approval testing on the basis’af lot-by-lot and petfiodic
tests|is given in-3-5 Annex C. The procedure using a fixed sample-size schedule is given in
8.4.2)and 8.4.3.

8.4.2 Qualification approval on the basis of the fixed-sample size procedure

The fixed sample size procedure is described in IEC60384-1:20082021, Q.2.4. The sample
shall|be representative of the range of capacitors forwhich approval is sought. This rangg may
oer-mpy-not be different from the complete range covered by the detail specification.

The $amples shall consist of specimens having the lowest and highest voltages, and for fhese
voltapes the lowest and highest capacitance values. When there are more than four rated
voltapes an intermediate voltage shall also be tested. Thus, for the approval of a range, testing
is required of either four or six values (capacitance/voltage combinations). When the range
cons|sts of less than four values, the' number of specimens to be tested shall be that required
for fqur values.

Sparg specimens are permitted as follows.

Two |(for six values) ‘or three (for four values) per value may be used as replacemenfis for
spec|mens which are-hon-conforming because of incidents not attributable to the manufacfurer.

The humbers given in Group 0 assume that all groups are applicable. If this is not sq, the
numbers may be reduced accordingly.

Whem_additional groups are introduced into the qualification approval test schedule the number
of specimens required for Group 0 shall be increased by the same number as that required for
the additional groups.

Table 3 gives the number of samples to be tested in each group or subgroup together with the
number of permissible non-conformances for qualification approval tests.

8.4.3 Tests

The complete series of tests specified in Table 16 and Table 17 are required for the approval
of capacitors covered by one detail specification. The tests of each group shall be carried out
in the order given.

The whole sample shall be subjected to the tests of Group 0 and then divided for the other
groups.
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Non-conforming specimens found during the tests of Group 0 shall not be used for the other
groups.

"One non-conforming item" is counted when a capacitor has not satisfied the whole or a part of
the tests of a group.

The approval is granted when the number of non-conforming items is zero.

Table 16 and Table 17 together form the fixed sample size test schedule for which Table 16
includes the details for the sampling and permissible non-conforming item for the different tests
or gr ups of tests—Table4Z fngnfhnr with tha dotaile of tast contained in Clause 5 gi\ es a
complete summary of test conditions and performance requirements and indicates wherg¢, for
example for the test method or conditions of test, a choice has to be made in~the detail
specfification.

The ¢onditions of test and performance requirements for the fixed sample size test sc:fdule
shalllbe identical to those-preseribed specified in the detail specification for quality conformance
inspgction.

Tablle 16 — Sampling plan together with numbers of permissible-non-conforming it¢ms
for qualification approval tests, assessment level EZ

Groyp Test Subclause of this Number of Permissible
No document specimens number of non-
conforming ifems
nb Cd
0 Visual examination 5.3
Dimensions 5(3
Capacitance 5.4.1
Tangent of loss angle 5.4.2 108 0
Insulation resistance 5.4.3
Voltage proof 5.4.4
Spare specimens 8
1A Robustness of terminations 5.6 12 0
Resistance to soldering heat 5.7
Component sblvent resistance © 5.16
1B Solderability 5.8 24 0
Solvéntyresistance of the marking °© 5.17
Rapid change of temperature 2 5.9
Yibration 5.10
Bump or shock 2 5.11 or 5.12
1 Climatic sequence 5.13 36 0
2 Damp heat, steady state 5.14 24 0
3 Endurance 5.15 36 0
4 Temperature characteristic of 5.5 12 0

capacitance
@ As required in the detail specification.
Capacitance/voltage combinations, see 8.4.2.

¢ If required in the detail specification.

This is the acceptance number, and not exceeded for acceptance.
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Table 17 — Test schedule for qualification approval

—29_

Subclause number b Conditions of test* Number—ef Performance
and test? or {#)-and requirements®
ND number-of
issibl
b non-
conforming
items{e)-°
Group 0 ND See
4.3 Visual-examination A ifnAs
. .
I:ega__s ar ga{a”
spee_ﬁ_ed_ the-dq
Di . ) e . fidation
Frequency and measuring
T { ) voltage{see4-4-1
4-413—nsulationresistance . e v Asin4-433
See-detail-specification for the
method
See detail specification for the
e
D
Group-1A See
Table3
- Robustness-of . L Plemsnlbl e e
S Visual-examination
—1—terminations
&7 Capacitance
47 Resi S . L
74sgl-deﬂﬂg—heat' }‘n—4—2 O
e ) ficationf
e
+.7158m ) R . X
Leai .
Capacitance v AC/Casind 15
. if
Method-2
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Table 4 (4 of4)
Subclause number b Conditionsof test* Numberof Performance
a specimens . .
Smetest oF (n)-and seculremente—
ND. number-of
issibl
b Ron-
conforming
items{e)-°
Group-3 i} See
415 Endurance Special preconditioning as-in
TZ
Voltage:—V
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Test ? Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 0 ND See Table 16
5.3 Visual examination As in 5.3
Legible marking and as
specified in the detail
specification
5.3 Dimension (detail) See the detail
specification A
5.4.1] Capacitance Frequency: ... Hz Within specifj
) tolerance
Measuring voltage: V RMS
5.4.2] Tangent of loss Frequency and Measuring As in @{124
angle (tan o) voltage same as in 5.4.1
5.4.3| Insulation See detail specification for the A%"I 5.4.3.3
resistance method (b
5.4.4] Voltage proof See detail specification for the Q(b No breakdown or
method Q) flashover
GROUP 1A D S@S‘Egble 16
5.6 Robustness of Visual examination q \ No visible damage
termination ) )\
Capacitance
5.7.3] Initial measurement OQ
5.7 Resistance to Special preconditioning as in 5. Z\‘Q
soldering heat
9 See detail specification for tQ@\
method
5.7.5| Final inspection, Visual examination \"Q No visible damage
measurement and $ ) )
requirements X2 Legible marking
Q\
Capacitance’\,O AC/C asin5.7.5
5.16 | Component solvent |Solve t\Q See detail specification
resistance Gﬁ
(if applicable) Solv temperature:
4&gthod 2
)Recovery
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Test 2 Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 1B D See Table 16
5.8 Solderability See detail specification for the Good tinning as
method evidenced by free

flowing of the solder with
wetting of the
terminations, or see the
detail specification for
wetting balance method

5.17 [ Solvent resistance | Solvent: ... Cegible marking

of the marking (if Solvent temperature:... A
applicable) Method 1 \/

Rubbing material: cotton wool Q‘

Recovery: ...

5.9 Rapid change of Special preconditioning as in 5.2
temperature -

5.9.3] Initial measurement | Capacitance ‘>‘/
T, = Lower category temperature Q(b(b
Ty = Upper category temperature Q)

Five cycles \Q/C)

Duration = 30 min

O~
~7

Visual examination 1 No visible damage

Recovery: 24 h+2h QQQ

5.10 | Vibration For mounting method see de@
specification
Z

Frequency range: \"Q

from ... Hz to ... Hz
Amplitude: 0,75 m
acceleration 100

(whichever is Qe ess severe)
Total duratioh;6 h

5.10.B Intermediate Visual e ination No visible damage
inspection

5.11 | Bump (or shock, For mounting method see detail
see 5.12) cification

C) >Number of bumps: ...

~’ |Acceleration: ... m/s?

@ Duration of pulse: ... ms

5.12 | Shock ( mp, For mounting method see detail
see specification

Q/C) Acceleration: ... m/s?
N

Duration of pulse: ... ms

5.11.4 0or 5.12.4 Visual examination No visible damage

Legibl ki
Final inspection, egible marking

measurements and | Capacitance AC/C asin 5.12.4
requirements
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Test 2 Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 1 D See Table 16
5.13 Climatic sequence |Special preconditioning as in 5.2
5.13.3 Initial measurement [ Capacitance
5.13.4 Dry heat Temperature: upper category
temperature
Duration: 16 h
5.13.5_Damp heat, cyclic
Test Db, first cycle A
5.13.6 Cold Temperature: lower category \/
temperature Q‘
Duration: 2 h b(
Visual examination No @/damage
5.13.7 Low air pressure (if | Air pressure: 8 kPa Cb’ .
required by the ‘>‘/
detail specification (b
5.13.7.4 Intermediate Visual examination Q(b No breakdown or
inspection Q) flashover
5.13.8 Damp heat, cyclic, Q/C)
Test Db, remaining LN
cycles Recovery: 24 h+2 h C)\
5.13.8.4 Final inspection, |Visual examination No visible damage

measurements and
requirements

Capacitance <
N

Tangent of loss angle

Insulation resistance \‘Q

Legible marking
AC/C as in 5.13.8.4
As in 5.13.8.4

As in 5.13.8.4

Group 2 @& D |See Table 16
5.14 | Damp heat, steady | Special precondi{k}ning as in 5.2
state
Capacitance\o
5.14.8 Initial
measurements Recove‘\' 4h+2h
5.14.6 Final inspection, Visugl:éxamination No visible damage
measurements and & . I_egible marking
requirements N
C)}tapacitance AC/C as in 5.14.6
@Q Tangent of loss angle As in 5.14.6
AQ~ Insulation resistance As in 5.14.6
Group 3 SU D |See Table 16
5.15 @ance

5.15.

5.15.

N

Special preconditioning as in 5.2

3 Initial measurement

6 Final inspection,
measurement and
requirements

\
h

Voltage:
Duration:
Capacitance

Recovery: 24 h+2 h

Visual examination

Capacitance
Tangent of loss angle

Insulation resistance

No visible damage
Legible marking

AC/C as in 5.15.6
As in 5.15.6
As in 5.15.6
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Test? Conditions of test 2 D or n c Performance
ND b requirements 2
(see Table 16)
Group 4 ND See Table 16
5.5 Temperature Special preconditioning as in 5.2 AC/C as in 5.5.3
characteristic of
capacitance

a8 Subclause numbers of test and performance requirements refer to Clause 5.

b In this table: D = destructive, ND = non-destructive.



https://iecnorm.com/api/?name=18b273121a7b74b54fb53f636f3b51cc

IEC 60384-9:2024 RLV © IEC 2024 - 37 -

Annex A
(informativenormative)

Capacitance ageing of fixed capacitors of ceramic dielectric, Class 2

A1

General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties, and exhibit

a Cu

Abov
below the Curie temperature the crystal structure is less symmetrical. Although in single‘Cry
bhase transition is very sharp, in practical ceramics, it is often spread 'over a f[finite

this

rie temperature.

e this temperature the dielectric has the highly symmetric cubic crystal structure WheLreas

stals

tempgrature range, but in all cases it is linked with a peak in the capacitance/temperature curve.

Unddr the influence of thermal vibration, the ions in the crystal lattice continue to moye to

posit

ons of lower potential energy for a long time after the dielectricthas cooled througp the

Curig temperature. This gives rise to the phenomenon of capacitance ageing, whereby the

capa

Howgver, if the capacitor is heated to a temperature above\the Curie temperature, the
g takes place; i.e. the capacitance lost through—ageing is regained, and ageing
recommences from the time when the capacitor recools

agein

A.2

Durirlg the first hour after cooling through the.Curie temperature, the loss of capacitance i
well defined, but after this time it follows a tagarithmic law (see K.W. Plessner, Proc. Phys.
vol. §9B, P1261, 1956) which can be expressed in terms of an ageing constant.

The

procgss of the dielectric whichCoccurs during a "decade", i.e. a time in which the cap
increpses its age tenfold, for example from 1 h to 10 h.

As thie law of decrease-of‘capacitance is logarithmic, the percentage loss of capacitance w
2 x kl|between 1 h and~100 h and 3 x k between 1 h and 1 000 h. This-may can be exprsg
mathematically byzthe following formula:

Citor continually decreases its capacitance.

Law of capacitance ageing

n de-

s not
Soc.,

hgeing constant k is defined as the percentage loss of capacitance due to the aieing

k
Ct = C1(1—mxlgtj

citor

ill be
ssed

(A1)

where

is the capacitance ¢ h after the start of the ageing process;
is the capacitance 1 h after the start of the aging process;

is the ageing constant in percent per decade (as defined above);
is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known
times thereafter.
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k is then given by the following formula:

100x(Cy, — Cy,)
Cy, xlgt, = Cy, xlgt,

2024

(A.2)

If capacitance measurements are made three or more times, then it is possible to derive k& from
the slope of a graph where C; is plotted against Ig ¢.

Durir
so th
ageir

A3

g measurements of ageing, the capacitor should be maintained at a constant temper
at capacitance variations due to the temperature characteristic do not mask those d

g.

Capacitance measurements and capacitance tolerance (se€¢ 5.4.1)

Becajuse of ageing, it is necessary to specify a reference age at whictthe capacitance sh

withi
there

In or

W the-prescribed specified tolerance. This is fixed at 1 000 h,since for practical purp
is not much further loss of capacitance after this time.

jer to calculate the capacitance Cq oqgg after 1 000 h, the ‘ageing constant shall be k

or dgtermined as in Clause A.2, when the following formula'may be used:

For f
1 00(

For g
inspeg

Caps
temp
hand

k
C = Cix|1¢=>—(3-lgt
1000 tXI: 100( 9)}

pctory measurements, the loss of‘¢apacitance from the age at the time of measurems
h age will be known and can‘be off-set by using asymmetric inspection tolerances.

xample, if it is known that the capacitance loss will be 5 %, then the capacitors ma

cted to limits of *23 %.instead of +20 %.

citance is normally declared at 20 °C, and it may be necessary to measure aft

5, and capacitors should therefore always be handled with tweezers.

ature
ue to

bll be
oses

hown

(A.3)

bnt to

y be

this

erature or correct the results to this temperature. Errors can also arise from heat from the
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A4

Special preconditioning (see 5.2)

In many of the tests in this document, it is required to measure the capacitance change which
results from a given conditioning (e.g. climatic sequence). In order to avoid the interfering effect
of ageing, the capacitor is specially preconditioned before these tests by maintaining it for 1 h
at the upper category temperature, followed by 24 h at standard atmospheric conditions for
testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and subsequently bringing the capacitors to an age of 24 h. The recovery

after

the conditioning is also arranged, if possible, to bring the capacitors to an age of 24

h, so

that

If the
spec

apacitance changes due to ageing are minimised.

Curie temperature of the dielectric is above the upper category temperature the
al preconditioning will not completely de-age the capacitor, but it will nevertheless b

into & state where its capacitance is not so dependent on its previous histeny;’and the

effec
com
delet
capa
nece

t will be achieved, though not completely de-aged. In order to de-age“such capa
letely, temperatures up to 160 °C-may can be required, and this ltemperature cou
erious to the encapsulation. Therefore, in the few cases where complete de-ageing of

5sary precautions.

h the
ing it
same
Citors
d be
such

Citors-may can be required, the detail specification shall be consulted for details and any
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Annex B
(normative)

Temperature characteristics of capacitance of 25 °C

For the temperature characteristics of capacitance for the reference temperature of 25 °C (the
related EIA-198-1-F), the lower and upper category temperatures shall be chosen from
Table B.1.

Table B.2 denotes with a cross the preferred values of the temperature characteristic with and
withdut DC voltage applied. The method of coding the subclass is also given accordipg to
Tablg B.1; for example, a dielectric with a percentage change of +15 % without DC Voftage
applied over the temperature range from -55 °C to +125 °C will be defined as dietectfic of
subclass X7R.

The ¢xact conditions of temperature characteristics of capacitance are shown%n Table B.B.

Table B.1 — Temperature characteristics of capagitance

Category temperature characteristic capacitance Maximum-~capacitance change within the
categorytemperature range with respedt to
Lower category Upper category the capa€itance at 25 °C measured with fand
temperature temperature without ? DC voltage applied
%
Alpha Low Numeric High Sub-class Without DC | With DC voltage
syimbol temperature symbol temperature létter code voltage applied
°C applied
(if requireld)
+10 2 +458 A +1,0
-30 4 *+65 B +1,5
-55 5 +85 C +2,2
6 +105 D +3,3
¥ +125 E +4,7
8 +150 F +7,5
9 +200 P +10 Requirements
specified in|the
3 +175b R +15 detail
specificatipn
S + 22
T +22/- 33
U + 22/- 56
V + 22/- 82
LC + 15/- 40
Q° +15/- 70

a8 DC voltage applied is either rated voltage or the voltage specified in the detail specification.

b Upper category temperature of 175 °C is not defined in EIA-198-1-F.

¢ Maximum capacitance change "L" +15/-40, "Q" +15/-70 are not defined in EIA-198-1-F.
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Table B.2 — Preferred values of the temperature characteristic of
with and without a DC voltage applied

Maximum capacitance change within Category temperature range and
the category temperature range with corresponding number code
respect to the capacitance at 20 °C
sub_ measured Wlth and WIthOut a Dc _55I+85 _55I+105 _55/+125 _55/+150
class voltage applied °C °c °c °c
letter %
code
without DC with DC voltage
voltage applied 2 X5 X6 X7 X8
applied
(i required)
R +15 X X X X
S +22 Requirements specified X X X
in the detail
T +22/-33 specification x x X
u +22/-56 X pé X
a8 [JC voltage applied is either rated voltage or the voltage specified in the detail specification.

NOTE "x"indicates preferred.

Table B.3 — Measuring conditions of tempetature characteristic
of capacitance for the reference température of 25 °C

Tentpevature DC voltage applied
Niethod Measuring step c
1 25+ 2 -
2 Tyt 2 -
3 25+2 -
A 4 Tg £2 -
5 Tg*2 x
¢ 25+ 2 x
7 Tyt2 x
B 1234 See above -

Meagurements may _Be‘made at such intermediate temperatures as to ensure that the requirements of 4.2.% are
met.

NOT

1 "“lindicates: no DC voltage applied

"x"indicates: DC voltage applied (if specified in the detail specification)

NOTE2—Referencecapacitance s the capacitance measuredat-Step—3-
T, = Lower category temperature.

Ty = Upper category temperature.
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Annex C
(normative)

Quality conformance inspection

Formation of inspection lots

Groups A and B inspection

2024

These-tests-shall be carried out on-a-lot hy lot basis

A m
folloy
a) T

b) F
d

o Tl

€

f
s

c)
C.1.2
Thes|

Sam
divid

ratinis and capacitance values in, production shall be tested with the aim of covering the v
range.

Cc.2

The 3
Claud

C.3

nufacturer may aggregate the current production into inspection lots subject” tq
ving safeguards:

he inspection lot shall consist of structurally similar capacitors (see 8.2);
mensions contained in the inspection lot:
in relation to their number;

with a minimum of five of any one value.

pr subgroup B2 the sample shall include capacitors of\€very temperature characte
presented in the lot.

there are less than five of any one value in the sample the basis for the drawing of san
nall be agreed between the manufacturer and the“ceertification body (CB).

Group C inspection

e tests shall be carried out on a periodi¢ basis.

bd into high, medium and low capacitance values. In subsequent periods, different vo

Test schedule

o2, Table-S-ef the-blank-detail-specification Table C.3 and Table C.4.

Delayed delivery

the

br Group A, the sample tested shall consist of each of the values and each of the

ristic

hples

bles shall be representative of the ¢drrent production of the specified periods and shall be

Itage
hole

chedule for the-lot-by-lot and periodic tests for quality conformance inspection is givien in

Whe

1, In_accordance with the procedures of IEC 60384-1 20082021, Q. 1.7, re-inspection-has

te shall be carried out, solderability and capacitance shall be checked as specified in Groups A
and B inspection.

C.4

Assessment levels

The assessment level(s) given in-the-blank-detail- specification-shallpreferably Table C.3 and
Table C.4 should be selected from Table C.1 and Table C.2.
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Table C.1 — Lot-by-lot inspection

Inspection EZ
subgroup ¢ I B .
A0 100 % @
A1 S-4 b 0
A2 S-3 b 0
B1 S-3 b 0
B2 S-2 b 0
IL = inspection level;
n = sample size;
¢ = permissible number of non-conforming items.

8 The inspection shall be performed after removal of nonconforming items by 100, %
testing during the manufacturing process. Whether the lot was accepted on not,
all samples for sampling inspection shall be inspected in order to monitoroutgoing

quality level by nonconforming items per million (x1075).

The sampling level shall be established by the manufacturer;preferablyacecording
te and should be in accordance with IEC 61193-2:2007, Annex A:

In case one or more nonconforming items occur in a sample; this lot shall be
rejected but all nonconforming items shall be counted forthe.calculation of quality
level values. Outgoing quality level by nonconforming ‘iters per million (x107%)
values shall be calculated by accumulating inspectien. data in accordance with
the method given in IEC 61193-2:2007, 6.2.

Number to be tested: Sample size shall_be determined according to
IEC 61193-2:2007, 4.3.2.

¢ The content of the inspection subgroup<is’described in-Clause-2-of therelevant
blank-detail specification Table C.3.

Table€.2 — Periodic tests

Inspection EZ
subgroup ?@
p n c
C1A 6 9 0
C1B 6 18 0
C1 6 27 0
C2 6 15 0
C3 3 15 0
C4 12 9 0
p = periodicity in months;
7= SaImpie SiZE;
¢ = permissible number of non-conforming items.
2 The content of the inspection subgroup is described in-Clause-2-of the relevant
blank-detail specification Table C.4.

C.5 Test schedule for quality conformance inspection

For quality conformance inspection, the test schedules given in Table C.3 and Table C.4 include
sampling, periodicity, severities and requirements. The formation of inspection lots is given in
Clause C.1.
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Table C.3 — Test schedule for quality conformance inspection (lot by lot)

Lot-by-lot tests

Test? Conditions of test® D¢ or IL® c Performance
ND requirements
Group A0 [100 % tests]
5.4.1 Capacitance Frequency: ... kHz ND 100 %4 Within specified
. tolerance
Measuring Voltage: ... V
) Asin54.1.3
As in 5.4.1
5.4.2 —Fergenteftoss As—Hr-54-2 ASH—54—24
angle A
5.4.3| Insulation Asin 5.4.3 As in 5.4.3.?&
resistance (R))
5.4.4] Voltage proof Asin 5.4.4 As |?\Q§14.4
Group A1 [Sampling tests] N l/
5.3 | Visual examination s4e| 0. AsIn53
ND QJ . .
(b Legible marking and as
@Q specified in the detdil
C specification
Group A2 [Sampling tests] \Q/
5.3 | Dimension (gauging)f ND C)\S-3 e 0 |See the detail
specification
-
Group B1 [Special tests] 400
5.8 solderability See detail specification for the \\\ D S-3¢€ 0 Good tinning as
method S\Q evidenced by free
(%4} flowing of the soldef with
\Q wetting of the
S terminations or solder
$ shall flow within ... §, as
“\\Q) applicable
-
5.17 | Solvent resistance |Solvent: ... | () Legible marking
of the marking (if
applicable) Solvent‘t erature: ...
Met@
Bbing material: cotton wool
4
\ecovery:
Group B2 [Special tq\sspi’g
5.5 Temperat@\ Special preconditioning as in 5.2 ND S-2¢ 0
charact@ ics of
capagi e Capacitance AC/C: As in 5.5.3
G
a A)p@y}e tests, test conditions, requirements and clause numbers as selected from this document.
b T < IIII‘UIIIIGt;UII S;VUII ;II th;o Tab:c C.S oha” PIUV;dU [=] ou;tab:c UVUIV;UVV Uf thc IIIUOt IU:UVGIIt }JGIGIIIUtJrS Of

each test, however, it shall not take precedence over any more detailed specification given in a respective
clause of this document or in a cited normative reference.

¢ Refer to Table C.1 for lists of symbols and of abbreviated terms.

After 100 % measurement and removal of nonconforming items, a re-inspection shall be performed in order to
monitor the outgoing quality level, in accordance with the detail specification. A lot shall be rejected if one or
more nonconforming items occur in a sample during re-inspection.

€ Inspection levels are selected from IEC 61193-2:2007.

This test may be replaced by in-production testing if the manufacturer installs statistical process control (SPC)
on dimensional measurements or other mechanisms to avoid parts exceeding the limits.

9 This subgroup may be omitted if a corresponding test is carried out on each manufacturing batch of dielectric
material.
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Table C.4 — Test schedule for quality conformance inspection (periodic test)

Periodic tests

. D€ or Performance

a b c c c

Test Conditions of test ND Y4 n c requirements

Group C1A® D

Part of sample of 6 9 od

group C1

5.3 Dimensions (detail) See detail specification

5.6 Robustness of Visual examination No visible damage
terminations

5.7.2| Initial measurement |Capacitance

5.7 Resistance to Special preconditioning
soldering heat asin 5.2

Method: ...

5.7.5] Final inspection, Visual examination No visible damage
measurements and Legible marking
requirements

Capacitance AC/C as in 5.7.5

5.16 | Component solvent |Solvent: ... Legible marking
reS|s_tance (if Solvent temperature: ...
applicable)

Method 2
Recovery: ...

Group C1B® D b

Othel part of sample 5) 18 od

of sulpgroup C1

5.9 Rapid change of Special preconditioning
temperature asin 5.2
(if required)

5.9.3| Initial measurement |Capacitance

T, = Lower category.
temperature
Ty = Upper category
temperature
Five cycles
Durations?; = 30 min
Receyvery: 24 h £ 2 h
Wisual examination No visible damage
5.10 | Vibration Method of mounting: see
7.3 of this document
Frequency range:
...Hzto ... Hz
Amplitude 0,75 mm or
acceleration 100 m/s?
(whichever is the less
severe)

5.11.3 Final inspection,

measurements and
requirements

I'otal duration: 6 h
Visual examination

5.11 Bump [repetitive Method of mounting: see
shock (or shock, see | 7.3 of this specification
5.12)] Acceleration: ... m/s?
Duration of pulse: ... ms
5.12 Shock [non- Method of mounting: see

repetitive shock (or
bump, see 5.11)]

7.3 of this specification
Acceleration: ... m/s?
Duration of pulse: ... ms

No visible damage

No visible damage

No visible damage
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Periodic tests

L. D€ or Performance
a b c .C
Test Conditions of test ND n c requirements
5.11.4 0r5.12.4 Visual examination No visible damage
Final inspection, Legible marking
measurements and
requirements
Capacitance AC/C as in 5.12.4
Group C1° D
Combined sample of
specimens of group CTA
and ¢1B
5.13 | Climatic sequence Special preconditioning 27 od
asin 5.2
5.13.8 Initial measurement |Capacitance
5.13.4 Dry heat Temperature: upper
category temperature
Duration: 16 h
5.13.p Damp heat, cyclic,
test Db, first cycle
5.13.¢ Cold Temperature: lower
category temperature
Duration: 2 h
Visual inspection No visible damage
5.13.F Low air pressure (if |[Air pressure
required by the
detail specification) 8 kPa
5.13.1.4 Final inspection Visual examination No breakdown or
and requirements flashover
5.13.8 Damp heat, cyclic, Recovery: 24 h+2 h
test Db, remaining
cycles
5.13.8.4 Final inspection, |Visual examination No visible damage,
measurements Legible marking
and requirements Capacitangce AC/C: As in 5.13.8.4
Tangent of loss angle As in 5.13.8.4
InSulation resistance As in 5.13.8.4
\J
Group C2 ¢ (@
5.14 | Damp heat, steddy; Special preconditioning D 15 od
state asin 5.2
5.14.8 Initial meaSurement |Capacitance
Recovery: 24 h £ 2 h
5.14.¢ Finat inspections, Visual examination No visible damage,
meagurements and Legible marking
requirements
Capacitarnce AC/CTAS M 5. 140
Tangent of loss angle As in 5.14.6
Insulation resistance As in 5.14.6
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Periodic tests

L D€ or Performance
a b c c .C
Test Conditions of test ND )4 n c requirements
Group C3° D
5.15 Endurance Special preconditioning 3 21 od
asin 5.2
Duration: ...h
Temperature: ...°C
Voltage: ...V
5.15.3 Initial measurement |Capacitance
Recovery. Za T 2N
5.15.¢ Final inspections, Visual examination No visible damage}
mea§urements and Legible marKifg
requirements
Capacitance AC/C: A8\in5.15.6
Tangent of loss angle As ipy9.15.6
Insulation resistance As)in'%5.15.6
Group C4° ND n_!
5.5 Temperature Special preconditioning 12 9 39
characteristic of asin 5.2
capacitance capacitance AC/C: As in 5.7.3

a8 Applicable tests, test conditions, requirements and clause numbers as\s€lécted from this document.

b The information given in Table C.4 shall provide a suitable overview of the most relevant parameters of|each
gst, however, it shall not take precedence over any more detail€d specification given in a respective clayse of
this document or in a cited normative reference.

—_

¢ Regfer to Table C.2 for lists of symbols and of abbreviated.te¥ms.

4 If|lone non-conforming item is obtained, all the tests af\fh&é subgroup shall be repeated on a new sampl¢ and
thien no further non-conforming items are permitted. Release of product may continue during repeat testir|g.

€ Al tests of the sub-group shall be repeated if ong*of more nonconforming item is obtained. No nonconfofming
itgms are permitted in the repeat testing. Releage of products may continue during repeat testing.
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Comparison of cross-references in relation to IEC 60384-9:2015

The drafting of this document has resulted in a new structure. Table X.1 indicates the new

clause and subclause numbers with respect to the previous edition of this document,

IEC 60384-9:2015.

Table X.1 — Reference to IEC 60384-9:2015 for clauses/subclauses/annexes

IEC 60384-9:2015 IEC 60384-9:20xx
Fourth edition Fifth edition Notes
Clayse/Subclause/ Annex Clause/Annex
1.1 1 Scope and Object are merged into one ¢élause in
12 accordance with the ISO/IEC Directives, Part 2
1.3 2 In accordance with ISO/IEC DireCtiyes, Part 2
1.4 7 In accordance with the chapge'of clause numbers
1.5 3 In accordance with ISO/IEC Directives, Part 2
1.6 6 In accordance with the‘ehange of clause numbers
2 4 In accordance with the change of clause numbers
3.1t0 3.4 8.1t0 8.4 In accordange\with the change of clause numbers
3.5.11t03.5.4 C1toC.4 In accordafce with the change of clause numbers
4 5 In acebrdance with the change of clause numbers
Annex A Annex A Ne‘ehange
- Annex B Newly added.
- Annex C Newly added. Modified from IEC 60384-9-1:2005, Clausle 2
Annex X Annex X Newly added.

Tablg¢ X.2 indicates the new figure and table numbers with respect to IEC 60384-9:2015.

Table X.2 — Reference to IEC 60384-9 for figure/table

HC 60384-9:2018
Fourth edition

FiguretFable

IEC 60384-9:2024
Fifth edition

Figure/Table

Notes

Favle 1

Table 1

No change

Iaple £

rable 5.2

I accoraance with tne cnange ol table Numpers

Table 3 and Table 4

Table 16 to Table 17

In accordance with the change of table numbers

Table 5 and Table 6

Table C.1 and Table C.2

In accordance with the change of table numbers

Table 7 to Table 19

Table 3 to Table 15

Table B.1

Newly added

Table B.3

Newly added

Table C.1 and Table C.2

Newly added. Modified from IEC 60384-9-1:2005, Table 5

Table X.1 and Table X.2

Newly added.

This document has no figure.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 9: Sectional specification —
Fixed capacitors of ceramic dielectric, Class 2

2024

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields| o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG~Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deqt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé)nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.hetWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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IEC 60384-9 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2015. This edition
constitutes a technical revision.

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

a) The document has been completely restructured to comply with ISO/IEC Directives, Part 2

and to make it more useable; tables, figures and references have been revised accordi
Annex X contains all cross-references of changes in clause/subclause numbers.

ngly.

b) The requirements of reference temperature 25 °C have been added in Table 7, Table 9,

Table 11, Table 13 and Table 15.
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c) The table of temperature characteristics of capacitance for the reference temperature 25 °C
have been added in Table B.1, Table B.2 and Table B.3.

d) A

nnex B has been changed from informative to normative.

e) Clause C.5 (Test schedule for quality conformance inspection) has been newly added to
withdraw the blank detail specification: IEC 60384-9-1.

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

Draft Report on voting

40/3145/FDIS 40/3162/RVD

Full i
the 4
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at w
desc

A list]
use i

The
stabi
spec

—

q

e W
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bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Rart 2, and develop

vw.iec.ch/members_experts/refdocs. The main document _types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 60384 series, published under the general title Fixed capacito
n electronic equipment, can be found on the IEC website.

ity date indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, the documentWwill be

confirmed,

ithdrawn, or

vised.

hformation on the voting for its approval can be found in the report on voting ipdicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives,JE€ Supplement, avalilable

are

rs for

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

b the
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 9: Sectional specification —
Fixed capacitors of ceramic dielectric, Class 2

1 Scope

2024

This [part of IEC 60384 is applicable to fixed capacitors of ceramic dielectric with a detined

tempgrature coefficient (dielectric Class 2), intended for use in electronic equipment,incl
leadlpss capacitors but excluding fixed surface mount multilayer capacitors of ceramic diels
whiclh are covered by IEC 60384-22 (Class 2).

ding
pctric,

Capdcitors for electromagnetic interference suppression are not included{but are covergd by

IEC $0384-14.

The ¢bject of this document is to specify preferred ratings and characteristics and to select
IEC §0384-1:2021 the appropriate quality assessment procedures, tests and meas
methpds and to give general performance requirements for thisitype of capacitor. Test seve
and fequirements specified in detail specifications referring to this document provide sp

from
uring
rities
bcific

test $everities and requirements of an equal or higher performance level. Further informjation

on the conception of generic, sectional and detail specifications can be found in the Introdu
of IEC 60384-1:2021.

2 Normative references

The following documents are referred to inthe text in such a way that some or all of their co
constitutes requirements of this document. For dated references, only the edition cited ap
For undated references, the latest edition of the referenced document (including
amendments) applies.

IEC 60384-1:2021, Fixed capacitors for use in electronic equipment — Part 1. Geg
specification

IEC $1193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling
for inspection of«electronic components and packages

3 erms.and definitions

ction

ntent
blies.
any

neric

blans

following apply.

ISO and IEC maintain terminology databases for use in standardization at the following

addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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3.1

capacitor of ceramic dielectric, Class 2

capacitor which has a dielectric with a high permittivity and is suitable for by-pass and coupling
applications or for frequency discriminating circuits where low losses and high stability of
capacitance are not of major importance

Note 1 to entry: The ceramic dielectric is characterized by the non-linear change of capacitance over the category
temperature range (see Table 2).

3.2

subclass
<Clas
with fespect to the capamtance at the reference temperature 20 °C or 25 °C

Note 1 to entry: The subclass may be expressed in code form (see Table 2 and Annex B).

3.3
rated voltage
Ur
maximum DC voltage that can be applied continuously to the terminations of a capacitor at the
rated temperature

Note 1 to entry: Maximum DC voltage is the sum of the DC voltage and peak AC voltage or peak pulse vpltage
appliefd to the capacitor.

4 PRreferred ratings and characteristics

4.1 Preferred characteristics

Prefgrred climatic categories only shall be givén in the preferred characteristics.

The ¢apacitors covered by this documept are classified into climatic categories in accordance
with the general rules given in IEC 60068-1:2013, Annex A.

For I reference temperature of20 °C, the lower and upper category temperatures and the
i

durafion of the damp heat, steady state test shall be chosen from the following:
— Iqwer category temperature: -55 °C, -40 °C, -25 °C and -10 °C
— upper category temperature: +70 °C, +85 °C, +100 °C, +125 °C and +1%0 °C

— dpration of the'damp heat, steady state 4 days, 10 days, 21 days, and 56 days
st (40 °C{93 % RH):

—
.

For g refence temperature of 25 °C, the lower and upper category temperatures shall be chosen
from Tabte B imAnmex 8-

The severities for the cold and dry heat tests are the lower and upper category temperatures,
respectively.

4.2 Preferred values of ratings
4.21 Rated temperature

For capacitors covered by this document, the rated temperature is equal to the upper category
temperature.
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Rated voltage (Ug)

2024

The preferred values of rated voltage are: (25, 40, 63, 100, 160, 250, 400, 630, 1 000, 1 600,
2 500, 4 000 and 6 300) V. These values conform to the basic series of preferred values R5
given in ISO 3. If other values are needed, they shall be chosen from the R10 series. The sum
of the DC voltage and the peak AC voltage or the peak to peak AC voltage, whichever is the
greater, applied to the capacitor shall not exceed the rated voltage.

4.2.3

Category voltage (U¢)

Since the rated temperature is defined as the upper category temperature, the category voltage

is eq

4.2.4

Nom

4.2.4.2 Preferred tolerances on nominal capacitance

Tabl¢ 1 denotes the preferred values of tolerance on nominal capacitance.

4.2.5

Tablg¢ 2 shows the temperature characteristic with and without DC voltage applied fo

refer
diele
rang
char
25 °(

4.2.j Preferred values of nominal capacitance and associated tolerance values
1

Lial to the rated voltage, as defined in IEC 60384-1:2021, 3.5.

Preferred values of nominal capacitance

nal capacitance values should be taken from the E3, E6 and E12 series“given in IEC 6

Table 1 — Preferred tolerance on nominal capacitance

Preferred series Tolerances Letter code
%
E3 and E6 -20/+80 z
—~20/+50 S
E6 +20 M
E6 and E12 +10 K

Temperature characteristic of capacitance

bnce temperature 20 °C. The method of coding the subclass is also given; for examy

ctric with a percentage change of 20 % without DC voltage applied over the temper
from —-55 2C\to +125 °C, will be defined as a dielectric of Class 2C1. The temper
cteristics{.category temperatures and corresponding codes for the reference temper
are given in Annex B.

The tl?mperature range, for which the temperature characteristics of the dielectric is defing

0063.

r the
le, a
ature
ature
ature

bd, is

th o 4 4+ 4
e Same—as—ne vatcyuorychirpTriatuic Taryc.,
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Table 2 — Temperature characteristic of capacitance

Maximum capacitance change within Category temperature range and
the category temperature range with corresponding number code
_— respect to the capacitance at 20 °C
clage |Measured with a:d ";’i';:°“t a DC voltage | _55/4150 |-55/+125 | ~55/+85 | ~40/+85 | -25/+85 | +10/+85
letter PP °C °C °C °C °C °C
code %
without D(_: with DC-VOItage 0 1 2 3 4 6
voltage applied applied 2
2B +10
20Q 120
2D +20/-30 Requirements specified
in
2E +22/-56 the detail specification
2F +30/-80
2R +15
Wher] the upper category temperature is above 125 °C, the limits of capacitance change)both with and witholt DC

voltage applied, should be given in the detail specification.

a8 D[ voltage applied is either rated voltage or the voltage specified in the detail-specification.

NOTH Annex B can be referred to for preferred values of the temperature characteristics for the refefence
température 25 °C.

5 1

5.1
This

5.2

Unle
spec
folloy
may
of 24

NOTE
Howe
place,
capac

[est and measurement procedures

General

Clause 5 supplements the information'given in IEC 60384-1:2021, Clause 5 to Claus

Special preconditioning

5s otherwise specified in-the detail specification, the special preconditioning,
fied in this document before a test or a sequence of tests, shall be carried out undg

be specified in the-detail specification for a period of 1 h, followed by recovery for a p
h + 1 h at standard atmospheric conditions for testing.

Class 2 capacitors lose capacitance continuously with time following a logarithmic law (this is called ag
er if the €Capacitor is heated to a temperature above the Curie point of its dielectric then "de-ageing"
i.e. the_eapacitance lost through "ageing" is regained, and "ageing" recommences from the time wh
tor récqols.

The p

e 10.

when
r the

ving conditions: expesure at upper category temperature or at such higher temperature as

eriod

eing).
takes
bn the

irpose of special preconditioning is to bring the capacitor to a defined stage regardless of its previous i

istory

(see Clause A.4 for further information).

5.3

See |

5.4
5.4.1
5.4.1

See |

Visual examination and check of dimensions

EC 60384-1:2021, 7.1.

Electrical tests
Capacitance
| General

EC 60384-1:2021, 6.3, with the details of 5.4.1.2 and 5.4.1.3.
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The capacitance shall be measured in accordance with Table 3 and in accordance with the

details given below Table 3.
Table 3 — Measuring conditions
Reference temperature Subclass Measuring voltage Referee voltage 2

2B, 2C, 2X 1,0£0,2V 1,0 £ 0,02V

20 °C 0,3+0,2V 0,3+0,02V

<U, 2k, 2P, 2R or as specified in the detail or as specified in the defail
specification specification
25 °C R,S,T,U 1,0£0,2V 1,0 £ 0,024V

o

case of dispute about results of measurements, referee voltage is applied.

Frequency: Cy < 100 pF
Cy 2 100 pF
10 uF

v

CN

\%

5.4.13 Requirements

The
tolergnce.

f =1 MHz unless otherwise specified in the detail specification

f=1kHz £ 20 % for measuring purposes and 1 kHz for referee fests.

f =100 Hz or 120 Hz + 20 % with measuring voltage 0,5V

for measuring purposes and 100 Hz/or 120 Hz for referee tests|

capacitance value shall correspond with the ratedwalue taking into account the spe

D,2 V

cified

For referee measurements the capacitance value shall be the value extrapolated to an ageing

time |of 1 000 h, unless otherwise specified'in the detail specification (for explanation see
Anngx A).

5.4.2 Tangent of loss angle (tan)d)

5.4.211 General

See |[EC 60384-1:2021, 6.4, with the details of 5.4.2.2 t0 5.4.2.4.

5.4.2(2 Measuring conditions

See $.4.1.

5.4.2.3 Accuracy

The acedracy of the measuring instruments shall be such that the measuring error doeb not

exceed 0,001.

5.4.2.4 Requirements

The tangent of loss angle shall not exceed 0,035, or such lower value as may be given in the

detail specification.

5.4.3

5.4.3.1 General

See |[EC 60384-1:2021, 6.1, with the details of 5.4.3.2 and 5.4.3.3.

Insulation resistance (R;)
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5.4.3

.2 Measuring conditions

See |IEC 60384-1:2021, 6.1.2, with the following details:

For Ur < 100 V, the measuring voltage may be of any value not greater than Ug, the reference
voltage being Ug.

The voltage shall be applied immediately at the specified value for 1 min + 5 s for qualification
approval testing and periodic tests (Group C). For lot-by-lot testing (Group A), the test may be
terminated in a shorter time, if the required value of insulation resistance is reached.

The ;Lroduct of the internal resistance of the voltage source and the nominal capacitance\q
Citor shall not exceed 1 s unless otherwise specified in the detail specification.

capa

The

The i

5.4.3,

The i

3 Requirements

harge current shall not exceed 0,05 A.

nsulation resistance (R;) shall meet the requirements given in Table 4.

Table 4 — Insulation resistance requirements

nsulation resistance (R,) shall be measured at the end of the 1 min period.

f the

Style Measuring points Cy £ 25nF Cy > 25nF
R, R, x Cy
Insulated 1a and 1c
24 000 MQ 2100 s
Non{insulated 1a

5.4.4.

See

5.4.j Voltage proof
1

General

EC 60384-1:2021.56:2, with the details of 5.4.4.2 to 5.4.4.4.

5.4.4.2 Test conditions

The product of\R; and the nominal capacitance C, shall be smaller than or equal to 1 s.

The

harge current shall not exceed 0,05 A.

5.4.4

.3 Test voltage

The voltages in Table 5 shall be applied between the measuring points of IEC 60384-1:2021,
Table 3, for a period of 1 min for qualification approval testing and for a period of 1 s for the lot-
by-lot quality conformance testing.
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Table 5 — Test voltages

Type Rated voltage Test voltage
\ \Y
Leaded multilayer ceramic Ug =100 2,5 Uy
capacitors
100 < Ug =200 1,5 Ug + 100
200 < Uz =500 1,3 Ug + 100
500 < Uy 1,3 Ug
Oth S ITR < I~a¥a) 2’R LL
Ug > 500 1,5 Ug + 500

If Uyl > 500 V, then the test voltage for Test C (external insulation) is 1,5 Ug + 500 V or as specified in the detail
specjfication.

5.4.4.4 Requirement

There shall be no breakdown or flashover during the test.

5.5 | Temperature characteristic of capacitance (reference‘temperature 20 °C)
5.5.1 Special preconditioning

See $.2.

5.5.2 Measuring conditions

See |EC 60384-1:2021, 6.8.1.2 and 6.8.1.3, with Table 6.

The fneasuring steps and conditions-for a reference temperature 25 °C are given in Annex B.
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Table 6 — Details of measuring conditions

Refe

Becd

for

refe
mea
at te

Ste% 5 to 7, with DC voltage applied, are time dependent. This time dependency is included in the given |

Measuring step Temperature DC voltage applied
°C
1 20+ 2 -
2 T,2+3 -
3 20+ 2 -
b -
4 TgP+2
5 T +2 X
6 20+ 2 X
7 Tpt3 X
8 20+ 2 =
NOTE "-"indicates: no DC voltage applied.
"x" indicates: DC voltage applied (if specified in the detail specification)
Intefmediate measurement temperatures are used when ensuring the requirements\of 4.2.5.

rence capacitance is the capacitance measured at Step 3.
use of the effects described in the Note in 5.2, the capacitance values'measured at temperature referg

pacitance change. The capacitance change between the first-and the last measurements at temper
nce, Steps 1 and 8, indicates the amount of ageing invalved. In case of a dispute about the resul
surements with DC voltage applied, it is advisable to agre€ upon a fixed time interval between measuren
mperature reference, Steps 5 and 7 with DC voltage applied (see IEC 60384-1:2021, 6.8.1.3).

nce,
mits
hture
s of
ents

a

b

, = Lower category temperature.

5 = Upper category temperature.

5.5.3
The

The temperature characteristics with and without DC voltage applied shall not exceed the v

giver

5.6

See

Requirements

ariation of capacitance shall be calculated in accordance with IEC 60384-1:2021, 6.8

in Table 2.

Robustness of terminations

EC 60384-1:2021, 7.3.

5.7

3.1,

hlues

Resistance to soldering heat

5.7.1

See |

5.7.2

General

EC 60384-1:2021, 9.1, with the details of 5.7.2 to 5.7.5.

Special preconditioning

See 5.2.

5.7.3

Initial measurement

The capacitance shall be measured in accordance with 5.4.1.
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Recovery

The capacitors shall recover for a period of 24 h + 2 h.

2024

5.7.5 Final inspection, measurements and requirements
The capacitors shall be visually examined. There shall be no visible damage and the marking
shall be legible.

The capacitances shall be measured in accordance with 5.4.1, and the capacitance change

shall

not exceed the values in Table 7.

5.8
5.8.1

See

5.8.2

The rl;aquirements for the globule test method shall be specified in the detail specification.

neith
be us

Table 7 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B, 2C and 2X +10 %

2D and 2R +15 %

2E and 2F +20 %

NOTE 1 See 4.2.5 for explanation of the subclass codes.

Reference temperature 25 °C

Subclass Requirements
R +10 %
S +10 %
T +15 %
u +20%

NOTE 2 See Table B.2 for explanation of the subclass codes.

Solderability
General

EC 60384-1:20213,9.2, with the details of 5.8.2 to 5.8.3.

Test conditions

r the'solder bath nor the solder globule method is appropriate the soldering iron test
ed with soldering iron size A.

(Vhen
shall

5.8.3

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, or see the detail specification for the wetting balance method.

5.9
5.9.1

Rapid change of temperature (if required)

General

See |IEC 60384-1:2021, 8.1, with the details of 5.9.2 to 5.9.5.

5.9.2

Special preconditioning

See 5.2.
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5.9.3

Initial measurement

The capacitance shall be measured in accordance with 5.4.1.

5.9.4

Test conditions

Number of cycles: 5.

Duration of exposure at the temperature limits: 30 min.

5.9.5

Recovery

The

5.10
5.10.

See

5.10.

The following degree of severity of test Fc applies:

The
meth
only,

5.10.
The

5.11
5.11.

See

The
shoc

apacitors shall recover for a period of 24 h £ 2 h.

Vibration
1 General

EC 60384-1:2021, 7.4, with the details of 5.10.2 and 5.10.3.

2 Test conditions

0,75 mm displacement or 100 m/s2, whichever is,the lower amplitude, over one g
following frequency ranges: 10 Hz to 55 Hz, 10 Hz to 500 Hz, 10 Hz to 2 000 Hz
total duration of the test shall be 6 h.

etail specification shall specify the frequency range and shall also specify the mou

pd to be used. For capacitors with axiakléads and intended to be mounted by the
the distance between the body and thesmounting point shall be 6 mm + 1 mm.
3 Final inspection, measurements and requirements
apacitors shall be visually examined. These shall be no visible damage.
Bump (repetitive shock)
1 General
EC 60384-1:2021, 7.5, with the details of 5.11.2 to 5.11.4.
Hetail specification shall state whether the bump (repetitive shock) or the non-repe

test applies.

f the
The

nting
eads

titive

5.11.

2—Initiatmeasurements

Not required.

5.11.

3 Test conditions

The detail specification shall state which of the following preferred severities applies:

Total number of bumps: 1 000 or 4 000
Acceleration: 400 m/s2 } {100 m/s?
or

Pulse duration: 6 ms 16 ms
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The detail specification shall also specify the mounting method to be used. For capacitors with
axial leads and intended to be mounted by the leads only, the distance between the body and
the mounting point shall be 6 mm £ 1 mm.

5.11.4 Final inspection, measurements and requirements

The capacitors shall be visually examined and measured and shall meet the requirements given
in 5.12.4.

5.12 Shock (non-repetitive shock)

5.12T  General

See |EC 60384-1:2021, 7.6, with the details of 5.12.2 to 5.12.4.

The fetail specification shall state whether the bump (repetitive shock) or the, Won-repstitive
shock test applies.

5.12.2 Initial measurements

Not required.

5.123 Test conditions

The detail specification shall state which of the preferred{severities applies as stated in Table 8.
Pulsg-shape: half-sine.

Table 8 — Preferred severities (of non-repetitive shock)

Peak acceleration Corresponding duration of the pulse
m/s? ms
300 18
500 11
1°000 6

The dletail specification shall also specify the mounting method to be used. For capacitory with
axial|leads and.intended to be mounted by the leads only, the distance between the body and
the npounting-paint shall be 6 mm £ 1 mm.

5.12.4 , Fihal inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage and the marking
shall be legible.

The capacitance shall be measured in accordance with 5.4.1, the change shall not exceed the
values in Table 9.
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Table 9 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B, 2C and 2X +10 %

2D and 2R +15 %

2E and 2F +20 %

NOTE 1 See 4.2.5 for explanation of the subclass codes.

Reference temperature 25 °C

Subclass Requirements
R +10%
S +10%
T +15%
u +20%

NOTE 2 See Table B.2 for explanation of the subclass codes.

5.13| Climatic sequence
5.13.1 General
See |EC 60384-1:2021, 8.2, with the details of 5.13.2)t0'5.13.8.

5.13.2 Special preconditioning

See $.2.

5.13.3 Initial measurements

The ¢apacitance shall be measured’in accordance with 5.4.1.

5.134 Dry heat
See |EC 60384-1:2024+.8:2.3.

5.13/5 Damp heat, cyclic, Test Db, first cycle
See |[EC 60384-1:2021, 8.2.4.

5.136.</Cold

See IEC 60384-1:2021, 8.2.5, with the following detail.
The capacitor shall be visually examined. These shall be no visible damage.

5.13.7 Low air pressure
5.13.7.1 General
See IEC 60384-1:2021, 8.2.6, with the details of 5.13.7.2 to 5.13.7.4.

5.13.7.2 Test conditions

The test, if required in the detail specification, shall be carried out at a temperature of 15 °C to
35 °C and a pressure of 8 kPa.
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The duration of the test shall be 1 h.

5.13.

Immediately after achieving the low pressure, Ug shall be applied for 1 min to 2 min.

5.13.

The capacitors shall be visually examined. These shall be no visible damage.

5.13.
5.13.

See

5.13.

7.3 Test procedures

7.4 Final inspection and requirements

8 D heat lic. Tost DI - !

8.1 General

EC 60384-1:2021, 8.2.4, with the details of 5.13.8.2 to 5.13.8.4:

8.2 Test conditions

The {est conditions are shown in Table 10.

No v

5.13.

The

5.13.

The

Ther

The ¢

bltage is applied.

Table 10 — Number of damp heat cycles

Category Number of cycles of 24 h
-/-156 5
-/-121 1
-/-110 1
-/-104 0

8.3 Recovery

apacitors shall recoverfor24 h £ 2 h.

8.4 Final inspection, measurements and requirements

apacitors shallkbe visually examined.

b shall bevno visible damage and the marking shall be legible.

If th¢ ‘capacitance value is less than the minimum value permitted, then after the

apacitors shall be measured and shall meet the following requirements given in Tabl

e 11.

bther

measurements have been carried out the capacitor shall be preconditioned in accordance with

5.2a

nd then the requirement in Table 11 shall be met.
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Table 11 — Final inspection measurements and requirements

- 21 -

(whichever is less of the two values)

Measuring Requirements (reference temperature 20°C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B, 2C and 2X 2D and 2R 2E 2F
Capacitance 5.4.1 AC/C<210% | AC/C<£15% | AC/C<£220% | AC/C =+ 30 %
Tangent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R,2 1000 MQorR;xCyz225s
Insulation resistance 5.4.3

(whichever isdess’of the two values)

NOTE 1 See 4.2.5 for explanation of the subclass codes.
Measuring Requirements (reference temperature 25°C)
Measurement conditions Subclasses Subclasses Subclasses Subclasges
R S T U
Capacitance 5.4.1 AC/C£215% | AC/C<+£15% | AC/C 3315 % | AC/C<+20%
Tanpgent of loss angle 5.4.2 < 2 x value of 514:2.3
R,z 1000 MQ of®* C\ 2258
Inqulation resistance 5.4.3

NOTE 2 See Table B.2 for an explanation of the subclass codes.

5.14

5.14.1

See

Damp heat, steady state

General

5.142 Special preconditioning

See

5.143

The

b.2.

Initial measurement

EC 60384-1:2021, 8.3, with the details of 5.14.2 to 5.14.6.

apacitance shallbe measured in accordance with 5.4.1.

5.144 Test conditions

No voltageds.-applied, unless otherwise specified in the detail specification.

The

severity of the test should be selected from the test conditions as shown in Table 12

and

as specified in the detail specification.

The duration time of the test should be selected in accordance with 4.1 and shall be specified
in the detail specification.
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Table 12 — Test conditions for damp heat, steady state

Severity Temperature Relative humidity
°C %
1 +85+ 2 85+3
2 +60 + 2 93+3
3 +40 2 93+3

Whe

the anplication of voltaae is snecified. /.. shall be annlied to one half of the lot a
rr ~J Ll 7 ~ Ll

d no

voltape shall be applied to the other half of the lot.

5.14/5 Recovery
The

apacitors shall recover for a period of 24 h £ 2 h.

5.146 Final inspection, measurements and requirements

The

apacitors shall be visually examined.

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

The

capacitors shall be measured and shall meet the fequirements given in Table 13.

f the

capatitance value is less than the minimum value permiited, then after the other measurements

have

Table 13 - Final inspection;\measurements and requirements

been made the capacitor shall be preconditioned in accordance with 5.2 and the
requirement in Table 13 shall be met.

h the

(whichever is less of the two values)

Measuring Requirements (reference temperature 20°C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B, 2C and 2X 2D and 2R 2E 2F
Capacitance 5.41 AC/C<210% | AC/C<215% | AC/C<+20% | AC/C <+ 30 %
Tanpgent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R,21000MQorR, xCy225s
Inqulation resistance 5.4.3

(whichever is less of the two values)

NOTE 1 See 4:2.5 for explanation of the subclass codes.
Measuring Requirements (reference temperature 25 °C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
R S T U
Capacitance 5.4.1 AC/C<215% | AC/C<215% | AC/C<+15% | AC/C<£20%
Tangent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R,21000MQorR, xCy225s
Insulation resistance 5.4.3

NOTE 2 See Table B.2 for an explanation of the subclass codes.
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5.15 Endurance
5.15.1 General

See |IEC 60384-1:2021, 8.5, with the details of 5.15.2 to 5.15.6

5.15.2 Special preconditioning
See 5.2.

5.15.3 Initial measurement

The ¢apacitance shall be measured in accordance with 5.4.1.

5.154 Test conditions

The ¢apacitors shall be tested in accordance with Table 14.

Table 14 — Endurance test conditions

temperature

Type Temperature Rated voltage Testrvoltage Duration
\Y \ h
Leaded multilayer Upper category Ug = 200 1,5 Ug 1000
ceramic capacitors temperature
200 < Ug =< 500 1,3 Ug 1500
500 < U{ 1,2 Ug 2 000
Othefrs Upper category Ur 1,5 Ug 1 000

5.15/5 Recovery

The ¢apacitors shall recover for a period of 24 h £ 2 h.

5.15/6 Final inspection, measurements and requirements

The ¢apacitors shall be«visually examined.

Therg¢ shall be nowisible damage and the marking shall be legible.

The gapacitars) shall be measured and shall meet the requirements given in Table 15.

f the

capatitancevalue is less than the minimum value permitted, then after the other measurements

have|bgen/made the capacitor shall be preconditioned in accordance with 5.4.1 and the

requirement in Table 15 shall be met.

n the
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Measuring Requirements (reference temperature 20 °C)
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 5.4.1 AC/C<210 % AC/C <215 % AC/C <220 % AC/C<%30 %
Tangent of loss angle 5.4.2 < 2 x value of 5.4.2.3
R, 22000 MQorR;*xCy250s
Insulation resistance 5.4.3

(whichever is less of the two values)

NOTE 1 See 4.2.5 for an explanation of the subclass codes.
Measuring Requirements (reference temperature 25 °C)
Measurement conditions Subclasses Subclasses Subclasses Subclaspes
R S T u
Capacitance 5.4.1 AC/C <215 % AC/C£+15 % AC/CS& A5 % | AC/C<+20%
Tanjgent of loss angle 5.4.2 < 2 x value of 5423
R, 22000 MQ or R¥"C\ 250 s
Inspilation resistance 5.4.3

(whichever is lgss-of the two values)

NOTE 2 See Table B.2 for an explanation of the subclass codes.

5.16

See

5.17

See

6 Marking
6.1 General
See

6.2

EC 60384-1:2021, 9.4.

EC 60384-1:2021, 9.5.

Information for marking

Component solvent resistance (if applicable)

Solvent resistance of the marking'(if applicable)

EC 60384-1:2021, 4.3, with the details of 6.2 to 6.5.

The |nformation given in the marking is normally selected from the following list; the relative
impoftanee of each item is indicated by its position in the list:

a)

b)
or— );

c)
d)

e)

nominal capacitance;
rated voltage (DC voltage may be indicated by the symbol: —__ [IEC 60417-5031(2002-10)]

tolerance on nominal capacitance;
the dielectric subclass, see Table 2;

year and month (or week) of manufacture;

f) manufacturer's name or trade mark;

g)
h)

climatic category;

manufacturer's type designation;

i) reference to the detail specification.
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Information required under item b) and d) may be given in code form under the manufacturer's,

or na

6.3

tional, type or style designation.

Marking on the body

The capacitor shall be clearly marked with items a), b) and c) of 6.2 and with as many as
possible of the remaining items as is considered necessary. Any duplication of information in
the marking on the capacitor should be avoided.

6.4

Marking on the packaging

The packaging containing the capacitor(s) shall be clearly marked with all the information
in 6.2.

6.5

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

7 1

7.1

Deta

Deta
blank

in the test schedules, for example by an asterisk.

The i

The information in 7.2 to 7.5 shall be_given in each detail specification and the values qu

shou

7.2
Ther

of thg¢ capacitor with others.

Dime
be gi
the o
be ag

Additional marking

nformation to be given in a detail specification

General

| specifications shall be derived from the relevant blank detail specification.

| specifications shall not specify requirements inferior to those of the generic, sectiof
detail specification. When more severe requirements are included, they shall be indi

nformation given in 7.2 may for convenience, be presented in tabular form.

d be selected from those given-in the appropriate clause of this document.

Outline drawing and dimensions

b shall be an illustration of the capacitor as an aid to easy recognition and for compa

nsions and their associated tolerances, which affect interchangeability and mounting,
ven in theddetail specification. All dimensions shall be stated in millimetres, however
Figinal dimensions are given in inches, the converted metric dimensions in millimetres
ded-

isted

al or
ated

oted

rison

shall
when
shall

Norn

alhs _tha niimarical valuiae chall hg aivan far tha lanath of tha haodv tha width and hl
cHys—tHe-RdHReHGa+— Y aHdeS—Shanr—Be—ghfeh—+olr—hHe—ehgH—otHe—uoay—tHeWamhahan

ight

of the body and the wire spacing, or for cylindrical types, the body diameter, and the length and
diameter of the terminations. When necessary, for example when a number of items
(capacitance values/voltage ranges) are covered by a detail specification, the dimensions and

their

associated tolerances shall be placed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state such
dimensional information as will adequately describe the capacitors. When the capacitor is not
designed for use on printed boards, this shall be clearly stated in the detail specification.


https://iecnorm.com/api/?name=18b273121a7b74b54fb53f636f3b51cc

- 26 — IEC 60384-9:2024 © |[EC 2024

7.3 Mounting

The detail specification shall specify the method of mounting to be applied for normal use and
for the application of the vibration and the bump or shock tests. The design of the capacitor
may be such that special mounting fixtures are required in its use. In this case, the detail
specification shall describe the mounting fixtures and they shall be used in the application of
the vibration and the bump or shock tests.

7.4 Ratings and characteristics

7.4.1 General

The Jratings and characteristics shall be in accordance with the relevant clauses. of this
document, together with the provisions of 7.4.2, 7.4.3 and 7.4.4.

7.4.2 Nominal capacitance range

The pominal capacitance range shall be specified as described in 4.2.4.1.

When products approved to the detail specification have differentyranges, the follqwing
statement should be added: "The range of capacitance values avaijlable in each voltage range
is givien in the register of approvals, available for example on the f{ECQ on-line certificate syjstem
webdite www.iecq.org".

7.4.3 Particular characteristics

Addifional characteristics may be listed, when they "are considered necessary to specify
adequately the component for design and application purposes.

7.4.4 Soldering

The dletail specification shall specify the>test methods, severities and requirements appli¢able
for the solderability and the resistancelto soldering heat tests.

7.5 | Marking

The fetail specification shall-specify the content of the marking on the capacitor and op the
packaging. Deviations frdm Clause 6 shall be specifically stated in the detail specification|

8 AQuality assessment procedures

8.1 Primary stage of manufacture

For dingle-fayer capacitors, the primary stage of manufacture is the metallizing of the diel¢ctric
to fomythe electrode; for multilayer capacitors it is the first common firing of the dielelctric-
electrode assembly.

8.2  Structurally similar components

Capacitors, considered as being structurally similar, are capacitors produced with similar
processes and materials, though they can be of different case sizes and values.

8.3 Certified test records of released lots

The information required in IEC 60384-1:2021, Q.1.5, shall be made available when specified
in the detail specification and when requested by a purchaser. After the endurance test, the
parameters for which variables information is required are the capacitance change, tan ¢ and
the insulation resistance.


https://iecnorm.com/api/?name=18b273121a7b74b54fb53f636f3b51cc

IEC 60384-9:2024 © |[EC 2024 - 27 -

8.4
8.4.1

Qualification approval

General

The procedures for qualification approval testing are given in IEC 60384-1:2021, Clause Q.2.

The schedule to be used for qualification approval testing on the basis of lot-by-lot and periodic
tests is given in Annex C. The procedure using a fixed sample size schedule is given in 8.4.2
and 8.4.3.

8.4.2

Qualification approval on the basis of the fixed sample size procedure

The Ilixed sample size procedure is described in IEC 60384-1:2021, Q.2.4. The sample'sh

repre
diffen

The

volta
volta
is re
cons
for fa

Spar

Two
spec

The
numl

sentative of the range of capacitors for which approval is sought. This rangems
ent from the complete range covered by the detail specification.

pes the lowest and highest capacitance values. When there are more than four
pes an intermediate voltage shall also be tested. Thus, for the approval of a range, te
quired of either four or six values (capacitance/voltage combinations). When the 1

ur values.
b specimens are permitted as follows.

(for six values) or three (for four values) persvalue may be used as replacement
mens which are non-conforming because of incidents not attributable to the manufac

humbers given in Group 0 assume that‘all groups are applicable. If this is not sg
ers may be reduced accordingly.

Whe

additional groups are introduced.into the qualification approval test schedule, the nu

of specimens required for Group O.shall be increased by the same number as that requirg
the aldditional groups.

Tabl
numi

8.4.3

The
of ca
in th

3 gives the number of 'samples to be tested in each group or subgroup together wit
er of permissible non-conformances for qualification approval tests.

Tests

complete-s€ries of tests specified in Table 16 and Table 17 are required for the app
acitors.covered by one detail specification. The tests of each group shall be carrie
order\given.

bll be
y be

bamples shall consist of specimens having the lowest and highest voltages, and for fhese

rated
sting
ange

sts of less than four values, the number of specimens to be tested shall be that required

s for
urer.

, the

mber
d for

h the

roval
d out

The

Whnoile sampile snall be subDjected 1[0 tne 1ests O Group U and then diviaea 1or the

groups.

ther

Non-conforming specimens found during the tests of Group 0 shall not be used for the other
groups.

"One non-conforming item" is counted when a capacitor has not satisfied the whole or a part of
the tests of a group.

The approval is granted when the number of non-conforming items is zero.
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Table 16 and Table 17 together form the fixed sample size test schedule for which Table 16
includes the details for the sampling and permissible non-conforming item for the different tests
or groups of tests. Table 17 together with the details of test contained in Clause 5 gives a
complete summary of test conditions and performance requirements and indicates where, for
example for the test method or conditions of test, a choice has to be made in the detail
specification.

The conditions of test and performance requirements for the fixed sample size test schedule
shall be identical to those specified in the detail specification for quality conformance inspection.

Table 16 — Sampling plan together with numbers of permissible non-conforming items

for qualification approval tests, assessment level EZ
Groyp Test Subclause of this Number of Permissible
No document specimens number of non-
conforming iflems
nb Cd
0 Visual examination 5.3
Dimensions 5.3
Capacitance 5.4.1
Tangent of loss angle 5.4.2 108 0
Insulation resistance 5.4.3
Voltage proof 5.4.4
Spare specimens 8
1A Robustness of terminations 5.6 12 0
Resistance to soldering heat 5.7
Component solvent resistance °© 516
1B Solderability 5.8 24 0
Solvent resistance of the marking °© 5.17
Rapid change of temperature 2 5.9
Vibration 5.10
Bump or shock 2 5.11 or 5.12
1 Climatic sequencé 5.13 36 0
2 Damp heat, steady state 5.14 24 0
3 Endurance 5.15 36 0
4 Tempecature characteristic of 5.5 12 0
capagitance
2@  As requifed in the detail specification.
b apacitance/voltage combinations, see 8.4.2.

¢ If required in the detail specification.

This is the acceptance number, and not exceeded for acceptance.
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Table 17 — Test schedule for qualification approval

Test ? Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 0 ND See Table 16
5.3 Visual examination As in 5.3
Legible marking and as
specified in the detail
specification
5.3 Dimension (detar) See the detall
specification
5.4.1| Capacitance Frequency: ... Hz Within specified
tolerance
Measuring voltage: V RMS
5.4.2| Tangent of loss Frequency and Measuring As im5.4.2.4
angle (tan o) voltage same as in 5.4.1
5.4.3| Insulation See detail specification for the As in 5.4.3.3
resistance method
5.4.4] Voltage proof See detail specification for the No breakdown or
method flashover
GROUP 1A D Seg Table 16
5.6 Robustness of Visual examination No visible damage
termination )
Capacitance
5.7.3] Initial measurement
5.7 Resistance to Special preconditioning as in 5:2
soldering heat ) e
See detail specification for the
method
5.7.5| Final inspection, Visual examination No visible damage
measurement and ) )
requirements Legible marking
Capacitance ACIC as in 5.7.5
5.16 | Component solvent |Solvents®.. See detail specification

resistance
(if applicable)

Solvent temperature:
Method 2

Recovery: ...
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Test 2 Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 1B D See Table 16
5.8 Solderability See detail specification for the Good tinning as
method evidenced by free

flowing of the solder with
wetting of the
terminations, or see the
detail specification for
wetting balance method

5.17 [ Solventresistance |sSolvent: ... Cegible marking
of the marking (if Solvent temperature:...
applicable) Method 1
Rubbing material: cotton wool
Recovery: ...

5.9 Rapid change of Special preconditioning as in 5.2
temperature

5.9.3| Initial measurement | Capacitance

T, = Lower category temperature
Ty = Upper category temperature

Five cycles

Duration = 30 min

Recovery: 24 h+2 h
Visual examination No visible damage

5.10 | Vibration For mounting method see detait
specification

Frequency range:

from ... Hz to ... Hz
Amplitude: 0,75 mm-or
acceleration 100 mis?2
(whichever is the less severe)
Total duratioh:-6 h

5.10.3 Intermediate Visual examination No visible damage
inspection
5.11 | Bump (or shock, For mounting method see detail
see 5.12) specification
Number of bumps: ...
Acceleration: ... m/s?
Duration of pulse: ... ms
5.12 | Shock (6rbump, For mounting method see detail
see 5.1\) specification
Acceleration: ... m/s?
Duration of pulse: ... ms
5.11.4 0r5.12.4 Visual examination No visible damage

Legibl ki
Final inspection, egible marking

measurements and | Capacitance AC/C asin 5.12.4
requirements
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Test @ Conditions of test 2 D or n c Performance
ND b requirements 2
(see Table 16)
GROUP 1 D See Table 16
5.13 Climatic sequence |Special preconditioning as in 5.2
5.13.3 Initial measurement | Capacitance
5.13.4 Dry heat Temperature: upper category
temperature
Duration: 16 h
5.13.5_Damp heat, cyclic
Test Db, first cycle
5.13.¢ Cold Temperature: lower category
temperature
Duration: 2 h
Visual examination No visible damage
5.13.Y Low air pressure (if |Air pressure: 8 kPa
required by the
detail specification
5.13.7.4 Intermediate Visual examination No breakdown or
inspection flashover
5.13.8 Damp heat, cyclic,
Test Db, remaining
cycles Recovery: 24 h+2 h
5.13.8.4 Final inspection, |Visual examination No visible damage
measurements and Legible marking
requirements . .
Capacitance AC/C as in 5.13.8.4
Tangent of loss angle Asin 5.13.8.4
Insulation resistance Asin 5.13.8.4
Group 2 D See Table 16
5.14 | Damp heat, steady |Special preconditioning as in 5.2
state .
Capacitance
5.14.8 Initial
measurements Recoveryi24 h £ 2 h
5.14.6 Final inspection, Visual-examination No visible damage
measurements and Legible marking
requirements )
Capacitance AC/C as in 5.14.6
Tangent of loss angle As in 5.14.6
Insulation resistance As in 5.14.6
Group 3 D See Table 16
5.15 | Endurance

Special preconditioning as in 5.2

5.15.3 Initial measurement

5.15.6 Final inspection,
measurement and
requirements

Voltage: V
Duration: h
Capacitance
Recovery: 24 h+2 h

Visual examination

Capacitance
Tangent of loss angle

Insulation resistance

No visible damage
Legible marking

AC/C as in 5.15.6
As in 5.15.6
As in 5.15.6
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Test ? Conditions of test @ D or n c Performance
ND b requirements 2
(see Table 16)
Group 4 ND See Table 16
5.5 Temperature Special preconditioning as in 5.2 AC/C as in 5.5.3
characteristic of
capacitance

a8 Subclause numbers of test and performance requirements refer to Clause 5.

b In this table: D = destructive, ND = non-destructive.
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Annex A
(normative)

Capacitance ageing of fixed capacitors of ceramic dielectric, Class 2

A1

General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties, and exhibit

a Cu

Abov
below the Curie temperature the crystal structure is less symmetrical. Although in single‘Cry
bhase transition is very sharp, in practical ceramics, it is often spread 'over a f[finite

this

rie temperature.

e this temperature the dielectric has the highly symmetric cubic crystal structure WheLreas

stals

tempgrature range, but in all cases it is linked with a peak in the capacitance/temperature curve.

Unddr the influence of thermal vibration, the ions in the crystal lattice continue to moye to

posit

ons of lower potential energy for a long time after the dielectricthas cooled througp the

Curig temperature. This gives rise to the phenomenon of capacitance ageing, whereby the

capa

Howgver, if the capacitor is heated to a temperature above\the Curie temperature, the
g takes place; i.e. the capacitance lost through—ageing is regained, and ageing
recommences from the time when the capacitor recools

agein

A.2

Durirlg the first hour after cooling through the.Curie temperature, the loss of capacitance i
well defined, but after this time it follows a tagarithmic law (see K.W. Plessner, Proc. Phys.
vol. §9B, P1261, 1956) which can be expressed in terms of an ageing constant.

The

procgss of the dielectric whichCoccurs during a "decade", i.e. a time in which the cap
increpses its age tenfold, for example from 1 h to 10 h.

As thie law of decrease-of‘capacitance is logarithmic, the percentage loss of capacitance w
2 x k| between 1 h and”100 h and 3 x & between 1 h and 1 000 h. This can be exprsg
mathematically byzthe following formula:

Citor continually decreases its capacitance.

Law of capacitance ageing

n de-

s not
Soc.,

hgeing constant k is defined as the percentage loss of capacitance due to the aieing

k
C,=C| 1-——xlgt
t 1( 100X9j

citor

ill be
ssed

where

is the capacitance ¢ h after the start of the ageing process;
is the capacitance 1 h after the start of the aging process;

is the ageing constant in percent per decade (as defined above);
is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known
times thereafter.
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k is then given by the following formula:

100 x(Cy,— Cy,)
k=
Cy, xlgt, = Cy, xlgyy

2024

(A.2)

If capacitance measurements are made three or more times, then it is possible to derive k& from
the slope of a graph where C; is plotted against Ig ¢.

Durir
so th
ageir

A3

g measurements of ageing, the capacitor should be maintained at a constant temper
at capacitance variations due to the temperature characteristic do not mask those d

g.

Capacitance measurements and capacitance tolerance (se€¢ 5.4.1)

Becajuse of ageing, it is necessary to specify a reference age at whictthe capacitance sh

withi
much

In or

W the specified tolerance. This is fixed at 1 000 h, since for practical purposes there i
further loss of capacitance after this time.

jer to calculate the capacitance Cq ogg after 1 000 h, the ‘ageing constant shall be k

or dgtermined as in Clause A.2, when the following formula'may be used:

For f
1 00(

For g
inspeg

Caps
temp
hand

k.
C = Cix|1«=>=—(3-Ig¢
1000 tx|: 100( 9)}

pctory measurements, the loss of‘¢apacitance from the age at the time of measurems
h age will be known and can‘be off-set by using asymmetric inspection tolerances.

xample, if it is known that the capacitance loss will be 5 %, then the capacitors ma

cted to limits of *22.%-instead of +20 %.

citance is normally declared at 20 °C, and it may be necessary to measure aft

5, and capacitors should therefore always be handled with tweezers.

ature
ue to

bl be
s not

hown

(A.3)

bnt to

y be

this

erature or correct the results to this temperature. Errors can also arise from heat from the
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A.4 Special preconditioning (see 5.2)

In many of the tests in this document, it is required to measure the capacitance change which
results from a given conditioning (e.g. climatic sequence). In order to avoid the interfering effect
of ageing, the capacitor is specially preconditioned before these tests by maintaining it for 1 h
at the upper category temperature, followed by 24 h at standard atmospheric conditions for
testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and subsequently bringing the capacitors to an age of 24 h. The recovery
after the conditioning is also arranged, if possible, to bring the capacitors to an age of 24 h, so
that ¢apacitance changes due to ageing are minimised.

If thg Curie temperature of the dielectric is above the upper category temperature then the
speclal preconditioning will not completely de-age the capacitor, but it will nevertheless bning it
into & state where its capacitance is not so dependent on its previous histeny;’and the $ame
effect will be achieved, though not completely de-aged. In order to de-age“such capagitors
completely, temperatures up to 160 °C can be required, and this temperature could be
deletgrious to the encapsulation. Therefore, in the few cases where complete de-ageing of|such
capagitors can be required, the detail specification shall be consulted for details and any
necegsary precautions.
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Temperature characteristics of capacitance of 25 °C

For the temperature characteristics of capacitance for the reference temperature of 25 °C (the
related EIA-198-1-F), the lower and upper category temperatures shall be chosen from
Table B.1.

Table B.2 denotes with a cross the preferred values of the temperature characteristic with and
withqut DC voltage applied. The method of coding the subclass is also given according to
Tabl

B.1; for example, a dielectric with a percentage change of £15 % without DC voltage

applied over the temperature range from -55 °C to +125 °C will be defined as dielectric of

subclass X7R.

The ¢xact conditions of temperature characteristics of capacitance are shown'in Table B.

Table B.1 — Temperature characteristics of capacitance

Category temperature characteristic capacitance

Maximum-capacitance change within t

he

category’temperature range with respedt to
Lower category Upper category the capa€itance at 25 °C measured with and
temperature temperature without ? DC voltage applied
%
Ipha Low Numeric High Sub-class Without DC | With DC voltage
symbol temperature symbol temperature letter code voltage applied
°C applied
(if requireld)
+10 2 +45 A +1,0
-30 4 +65 B +1,5
-55 5 +85 C +2,2
6 +105 D +3,3
7 +125 E + 4,7
8 +150 F +7,5
9 +200 P £10 Requirements
specified in|the
3 +175P R +15 detail
specificatipn
S + 22
T +22/- 33
U + 22/- 56
\ +22/- 82
L¢ +15/- 40
Q° +15/-70

b

a8 DC voltage applied is either rated voltage or the voltage specified in the detail specification.
Upper category temperature of 175 °C is not defined in EIA-198-1-F.
¢ Maximum capacitance change "L" +15/-40, "Q" +15/-70 are not defined in EIA-198-1-F.
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Table B.2 — Preferred values of the temperature characteristic of
with and without a DC voltage applied

Maximum capacitance change within Category temperature range and
the category temperature range with corresponding number code
respect to the capacitance at 20 °C
Sub_ measured Wlth and Wlthout a Dc —55I+85 —55I+105 -55/+125 -55/+150
class voltage applied °C °c °c °c
letter %
code
without DC with DC voltage
voltage applied 2 X5 X6 X7 X8
applied
(ifrequired)
R +15 X X X X
S +22 Requirements specified X X X
in the detail
T +22/-33 specification x X X
U +22/-56 X X X
a8 QOC voltage applied is either rated voltage or the voltage specified in the detail specification.
NOTE "x"indicates preferred.
Table B.3 — Measuring conditions of temperature characteristic
of capacitance for the reference temperature of 25 °C
Temperature DC voltage applied
Nlethod Measuring step
°C
1 25+ 2 -
2 Tyt2 -
3 25+2 -
A 4 Tg % 2 -
5 Tgt2 x
6 25+ 2 x
7 Tyt2 x
B 1234 See above -
Meagurements may_be ‘made at such intermediate temperatures as to ensure that the requirements of 4.2.% are
met.
NOTE 1 "<“indicates: no DC voltage applied
"x"Jindicates: DC voltage applied (if specified in the detail specification)
NOTE2—Referencecapacitance s thecapacitance measured—=at-Step 3
T, = Lower category temperature.

Ty = Upper category temperature.
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Annex C
(normative)

Quality conformance inspection

Formation of inspection lots

Groups A and B inspection

2024

These-tests-shall be carried out on-a-lot hy lot basis

A m
folloy
a) T

b) F
d

o Tl

€

f
s

c)
C.1.2
Thes|

Sam
divid

ratinis and capacitance values in, production shall be tested with the aim of covering the v
range.

Cc.2

The 3

Table¢ C.3 and Table C.4.

nufacturer may aggregate the current production into inspection lots subject” t
ving safeguards:
he inspection lot shall consist of structurally similar capacitors (see 8.2);

br Group A, the sample tested shall consist of each of the values and each o
mensions contained in the inspection lot:

in relation to their number;
with a minimum of five of any one value.

pr subgroup B2 the sample shall include capacitors of\€very temperature characte
presented in the lot.

there are less than five of any one value in the sample the basis for the drawing of san
nall be agreed between the manufacturer and the“ceertification body (CB).

Group C inspection

e tests shall be carried out on a periodi¢ basis.

bd into high, medium and low capacitance values. In subsequent periods, different vo

Test schedule

chedule for the-lot-by-lot and periodic tests for quality conformance inspection is giv

the

f the

ristic

hples

bles shall be representative of the ¢drrent production of the specified periods and shall be

Itage
hole

en in

C.3 | Delayed delivery

When, Th accordance with the procedures of IEC 60384-1:202T, Q- 1.7, fe-inspection shall be
carried out, solderability and capacitance shall be checked as specified in Groups A and B
inspection.

C.4 Assessment levels

The assessment level(s) given in Table C.3 and Table C.4 should be selected from Table C.1
and Table C.2.
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Table C.1 — Lot-by-lot inspection

Inspection EZ
subgroup ¢ I B .
A0 100 % @
A1 S-4 b 0
A2 S-3 b 0
B1 S-3 b 0
B2 S-2 b 0
IL = inspection level;
n = sample size;
¢ = permissible number of non-conforming items.

8 The inspection shall be performed after removal of nonconforming items by 100, %
testing during the manufacturing process. Whether the lot was accepted on not,
all samples for sampling inspection shall be inspected in order to monitoroutgoing

quality level by nonconforming items per million (x1075).

The sampling level shall be established by the manufacturer and.should be in
accordance with IEC 61193-2:2007, Annex A.

In case one or more nonconforming items occur in a sample; this lot shall be
rejected but all nonconforming items shall be counted for the.calculation of quality
level values. Outgoing quality level by nonconforming ‘iteris per million (x107%)
values shall be calculated by accumulating inspectien. data in accordance with
the method given in IEC 61193-2:2007, 6.2.

Number to be tested: Sample size shalk be determined according to
IEC 61193-2:2007, 4.3.2.

¢ The content of the inspection subgrouptis.described in Table C.3.

Table €:2 — Periodic tests

Inspection EZ
subgroup @
P n c
C1A 6 9 0
C1B 6 18 0
C1 6 27 0
G2 6 15 0
C3 3 15 0
Cc4 12 9 0
p = periodicity in months;
n = sample size;
¢ = permissible number of non-conforming items.
a8 The content of the inspection subgroup is described in Table C.4.

C.5 Test schedule for quality conformance inspection

For quality conformance inspection, the test schedules given in Table C.3 and Table C.4 include
sampling, periodicity, severities and requirements. The formation of inspection lots is given in
Clause C.1.
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Table C.3 — Test schedule for quality conformance inspection (lot by lot)

Lot-by-lot tests

Test? Conditions of test® D¢ or IL® c Performance
ND requirements
Group A0 [100 % tests]
5.4.1 Capacitance Frequency: ... kHz ND 100 %9 Within specified
tolerance
Measuring Voltage: ... V
) Asin54.1.3
As in 5.4.1
5.4.2 —Fenrgenteftess AS—-5-4-2 As-—54-24
angle
5.4.3| Insulation As in 5.4.3 As in 5.4.3.3
resistance (R))
5.4.4] Voltage proof Asin5.4.4 As in 54.4.4
Group A1 [Sampling tests]
5.3 Visual examination S-4 ¢ 0 As in 5.3
ND
Legible marking and as
specified in the detdil
specification
Group A2 [Sampling tests]
5.3 Dimension (gauging) ND S-3¢ 0 See the detail
specification
Group B1 [Special tests]
5.8 solderability See detail specification for the D S-3¢€ 0 Good tinning as
method evidenced by free
flowing of the soldef with
wetting of the
terminations or solder
shall flow within ... §, as
applicable
5.17 | Solvent resistance |Solvent: ... Legible marking
of the marking (if
applicable) Solvent temperature: ...
Method,1
Rubbing material: cotton wool
Recovery: ...
Group B2 [Special tests] ¢
5.5 Temperatdre Special preconditioning as in 5.2 ND S-2¢ 0
characteristics of
capacitante Capacitance AC/C: As in 5.5.3
a8 Applicable tests, test conditions, requirements and clause numbers as selected from this document.
b T < ;IIfUIIIIGt;UII H;Vcll ;II th;o Tab:c C.3 oha” }JIUV;dU [=] ou;tab:c UVUIV;UVV Uf thU IIIUOt IU:UVGIIt palalllct—rs Of

each test, however, it shall not take precedence over any more detailed specification given in a respective
clause of this document or in a cited normative reference.

¢ Refer to Table C.1 for lists of symbols and of abbreviated terms.

After 100 % measurement and removal of nonconforming items, a re-inspection shall be performed in order to
monitor the outgoing quality level, in accordance with the detail specification. A lot shall be rejected if one or
more nonconforming items occur in a sample during re-inspection.

€ Inspection levels are selected from IEC 61193-2:2007.

This test may be replaced by in-production testing if the manufacturer installs statistical process control (SPC)
on dimensional measurements or other mechanisms to avoid parts exceeding the limits.

9 This subgroup may be omitted if a corresponding test is carried out on each manufacturing batch of dielectric
material.
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Table C.4 — Test schedule for quality conformance inspection (periodic test)

Periodic tests

a i b D¢ or c c c Performance
Test Conditions of test ND )4 n c requirements
Group C1A® D
Part of sample of 6 9 od
group C1
5.3 Dimensions (detail) See detail specification
5.6 Robustness of Visual examination No visible damage
terminations
5.7.2| Initial measurement |Capacitance
5.7 Resistance to Special preconditioning
soldering heat asin 5.2
Method: ...
5.7.5| Final inspection, Visual examination No visible damage
measurements and Legible marking
requirements
Capacitance AC/C as in 5.7.5
5.16 | Component solvent |Solvent: ... Legible marking
re5|§tance (if Solvent temperature: ...
applicable)
Method 2
Recovery: ...
Group C1B*® D
Otherl part of sample 6 18 od
of sulbgroup C1
5.9 Rapid change of Special preconditioning
temperature asin 5.2
(if required)
5.9.3| Initial measurement |Capacitance
T, = Lower category.
temperature
Ty = Upper category
temperature
Five cycles
Duration¢; = 30 min
Recovery: 24 h+ 2 h
Visual examination No visible damage
5.10 | Vibration Method of mounting: see
7.3 of this document
Frequency range:
...Hzto ... Hz
Amplitude 0,75 mm or
acceleration 100 m/s?
(whichever is the less
severe)

5.11.3 Final inspection,

measurements and
requirements

I'otal duration: 6 h
Visual examination

5.11  Bump [repetitive Method of mounting: see
shock (or shock, see | 7.3 of this specification
5.12)] Acceleration: ... m/s?
Duration of pulse: ... ms
5.12 Shock [non- Method of mounting: see

repetitive shock (or
bump, see 5.11)]

7.3 of this specification
Acceleration: ... m/s?
Duration of pulse: ... ms

No visible damage

No visible damage

No visible damage
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Periodic tests

ce D€ or Performance
a b c c c
Test Conditions of test ND Y4 n c requirements
5114 0r5.12.4 Visual examination No visible damage
Final inspection, Legible marking
measurements and
requirements
Capacitance AC/C as in 5.12.4
Group C1° D
Combined sample of
specimens of group C1A
and ¢1B
5.13 | Climatic sequence Special preconditioning 6 27 od
asin 5.2
5.13.8 Initial measurement |Capacitance
5.13.4 Dry heat Temperature: upper
category temperature
Duration: 16 h
5.13.p Damp heat, cyclic,
test Db, first cycle
5.13.6 Cold Temperature: lower
category temperature
Duration: 2 h
Visual inspection No visible damage
5.13.7 Low air pressure (if |Air pressure
required by the
detail specification) 8 kPa
5.13.1.4 Final inspection Visual examination No breakdown or
and requirements flashover
5.13.8 Damp heat, cyclic, Recovery: 24 h+2 h
test Db, remaining
cycles
5.13.8.4 Final inspection, |Visual examination No visible damage,
measurer_nents Legible marking
and requirements Capacitance AC/C: As in 5.13.8.4
Tangent of loss angle As in 5.13.8.4
Insulation resistance As in 5.13.8.4
Group C2 ¢
5.14 | Damp heat, steady; Special preconditioning D 6 15 od
state asin 5.2
5.14.8 Initial meaSurement |Capacitance
Recovery: 24 h+ 2 h
5.14.¢ Final inspections, Visual examination No visible damage,
meastrements and Legible marking
requirements
Capacitarnce AC/CTAS M 5.14.0
Tangent of loss angle As in 5.14.6
Insulation resistance As in 5.14.6
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Periodic tests

Test? Conditions of test® D':Sr Pt n® c® :Zrl:(i)rrergaennctz
Group C3°© D
5.15 Endurance Special preconditioning 3 21 od
asin 5.2
Duration: ...h
Temperature: ...°C
Voltage: ...V
5.15.3 Initial measurement |Capacitance
Recovery. Za N 2N
5.15.6 Final inspections, Visual examination No visible damagey
gzi?rlgrig?tgts and Legible marking
Capacitance AC/C: As\in'6.15.6
Tangent of loss angle As in5.15.6
Insulation resistance As)n'5.15.6
Group C4° ND
5.5 Temperature Special preconditioning 12 9 09

characteristic of
capacitance

asin 5.2

capacitance

AC/C: As in 5.7.3

a8 Applicable tests, test conditions, requirements and clause numbers as\sélécted from this document.

o
= -

thiis document or in a cited normative reference.

¢ Rgfer to Table C.2 for lists of symbols and of abbreviated.tefms.

e information given in Table C.4 shall provide a suitable overview,of the most relevant parameters of
elst, however, it shall not take precedence over any more detaileéd specification given in a respective clay

4 Iflone non-conforming item is obtained, all the tests afsthé subgroup shall be repeated on a new sampl

thien no further non-conforming items are permitted. Release of product may continue during repeat testirn

¢ All tests of the sub-group shall be repeated if one‘or more nonconforming item is obtained. No nonconfo

itgms are permitted in the repeat testing. Release of products may continue during repeat testing.

each
se of

e and

rming
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Annex X
(informative)

Comparison of cross-references in relation to IEC 60384-9:2015

The drafting of this document has resulted in a new structure. Table X.1 indicates the new
clause and subclause numbers with respect to the previous edition of this document, i.e.,

IEC 60384-9:2015.

Table X.1 — Reference to IEC 60384-9:2015 for clauses/subclauses/annexes

IEC 60384-9:2015 IEC 60384-9:20xx
Fourth edition Fifth edition Notes
Clayse/Subclause/ Annex Clause/Annex
1.1 1 Scope and Object are merged into one ¢lause in
1.2 accordance with the ISO/IEC Directives, Part 2
1.3 2 In accordance with ISO/IEC Direttives, Part 2
1.4 7 In accordance with the change'of clause numbers
1.5 3 In accordance with ISO/IEC Directives, Part 2
1.6 6 In accordance with the‘ehange of clause numbers
2 4 In accordance with the change of clause numbers
3.1t0 3.4 8.1t0 8.4 In accordancewith the change of clause numbers
3.5.1t03.5.4 C1toC.4 In accordance with the change of clause numbers
4 5 In accordance with the change of clause numbers
Annex A Annex A Ne‘ehange
- Annex B Newly added.
- Annex C Newly added. Modified from IEC 60384-9-1:2005, Clause 2
Annex X Annex'X Newly added.

Tabl¢ X.2 indicates the new figure and table numbers with respect to IEC 60384-9:2015.

Table X.2 — Reference to IEC 60384-9 for figure/table

C 60384-9:2015
Fourth edition

FigureiTable

IEC 60384-9:2024
Fifth edition

Figure/Table

Notes

Fable 1

Table 1

No change

I'able £

rable 6.2

Inaccordance with tne change or table numDpers

Table 3 and Table 4

Table 16 to Table 17

In accordance with the change of table numbers

Table 5 and Table 6

Table C.1 and Table C.2

In accordance with the change of table numbers

Table 7 to Table 19

Table 3 to Table 15

Table B.1

Newly added

Table B.3

Newly added

Table C.1 and Table C.2

Newly added. Modified from IEC 60384-9-1:2005, Table 5

Table X.1 and Table X.2

Newly added.

This document has no figure.
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AVANT-PROPOS

La| Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
de| 'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), LYEC a pour
de|favoriser la coopération internationale pour toutes les questions de normalisation /dans les donj
de|l’électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des\Normes internatiol
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (P
dep Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiee a des comités d’¢
auk travaux desquels tout Comité national intéressé par le sujet traité peui ‘participer. Les organis]
internationales, gouvernementales et non gouvernementales, en liaison avee I'lEC, participent égal

comme telles par les Comités nationaux de I'lEC. Tous_les\efforts raisonnables sont entrepris afin que
s’'dssure de I'exactitude du contenu technique de ses, publications; I'lEC ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation quinen est faite par un quelconque utilisateur final.

Dgns le but d’encourager I'uniformité internationate,”les Comités nationaux de I'lEC s’engagent, dans|
la mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d’évaluationnde conformité et, dans certains secteurs, accedent aux mg
de|conformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certifi
ingépendants.

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

Aucune responsabilité nexdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts (particuliers et les membres de ses comités d’études et des Comités nationaux de
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit,tdirécte ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la-publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oulau crédit quilti est accordé.

L’gttention_est attirée sur les références normatives citées dans cette publication. L’utilisation de publid
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droit de propriété revendiqué a cet égard. A la date de publication du présent document, I'lEC avait/n’avait pas

recu notification qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois

Jilya

lieu d’avertir les responsables de la mise en application du présent document que des informations plus récentes

sont susceptibles de figurer dans la base de données de brevets, disponible a 'adresse https://patents.i
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

ec.ch.

L'IEC 60384-9 a été établie par le comité d’études 40 de I'l[EC: Condensateurs et résistances
pour équipements électroniques. Il s’agit d'une Norme internationale.

Cette cinquiéme édition annule et remplace la quatrieme édition parue en 2015. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) le document a été entiérement restructuré pour se conformer aux Directives ISO/IEC,
Partie 2, et pour en faciliter 'utilisation; les tableaux, les figures et les références ont été
révisés en conséquence. L'’Annexe X donne les références croisées des modifications

b)
c)

d)
e)

Le texte de cette Norme internationale est issu des documents suivants:

apportées par rapport a la version précédente, avec numéros d’article/de paragr
correspondants;

les exigences relatives a la température de référence de 25 °C ont été ajoutées
le Tableau 7, le Tableau 9, le Tableau 11, le Tableau 13 et le Tableau 15;

aphe

dans

es caractéristiques de température pour la capacité, a la température de référence

de 25 °C, ont été ajoutées dans le Tableau B.1, le Tableau B.2 et le Tableau B.3;

Annexe B est passée d’informative a normative;

Article C.5 (Programme d’essais pour le contréle de conformité de la qualité)a été a
afin de pouvoir retirer la spécification particuliére-cadre: IEC 60384-9-1.

Projet Rapport de vote
40/3145/FDIS 40/3162/RVD

jouté

Le ripport de vote indiqué dans le tableau ci-dessus donnéjtoute information sur le vote ayant

abou
La version frangaise de cette norme n'a pas été soumise au vote.
La lapgue employée pour I’élaboration de cette’Norme internationale est 'anglais.

Ce document a été rédigé selon les -Divectives ISO/IEC, Partie 2, il a été développé
les Djirectives ISO/IEC, Partie 1 et ‘tes Directives ISO/IEC, Supplément IEC, dispon
sous|www.iec.ch/members_experts/refdocs. Les principaux types de documents dévelo
par I'|[EC sont décrits plus en détail sous www.iec.ch/publications.

Une |liste de toutes les ‘parties de la série IEC 60384, publiées sous le titre gé
Condensateurs fixes utilisés dans les équipements électroniques, se trouve sur le site
de I'lEC.

Le cgmité a décidé'que le contenu de ce document ne sera pas modifié avant la date de st3
indigpée sur feysite Web de I'lEC sous webstore.iec.ch dans les données relatives au docu
rechgrché <A.Cette date, le document sera

i @ son approbation.

selon
ibles

ppés

néral
Web

bilité
ment

—

¢conduit,

supprimé, ou

révisé.
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des ¢
fourn
égal.

intermeédiaires et particuliéres sont données dansTintroduction de I'lEC 60384-1:2021.

2 K
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de Iq
I'édit

de référence s’applique (y cempris les éventuels amendements).

résente partie de I'l[EC 60384 s’applique aux condensateurs fixes a djéleetr
ramique avec un coefficient de température défini (classe diélectrique 2), destinés &
bs dans les équipements électroniques, y compris les condensateurs)sans pl
clusion des condensateurs multicouches fixes a diélectriques en céramique pour mof
rface, qui sont couverts par I'lEC 60384-22 (classe 2).

ondensateurs d’antiparasitage ne sont pas inclus, mais sont couverts par I'lEC 6038

résent document a pour objet de spécifier les valeurs (assignées et caractérist
rentielles, de sélectionner les procédures d’assurance dela-qualité appropriées, les e
b méthodes de mesure en se référant a I'lEC 60384-1:2021 et de fournir des exigg

ssais stipulées dans les spécifications particulieres se référant au présent docu
issent des sévérités et des exigences d’essai‘d’un niveau de performance supérie
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ques
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nces
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Des informations supplémentaires sur la.conception des spécifications génériques,

Références normatives

ocuments suivants sont cités.dans le texte de sorte qu’ils constituent, pour tout ou
ur contenu, des exigences-du présent document. Pour les références datées,
on citée s’applique. Pour'les références non datées, la derniére édition du docu

IEC
Spé

IEC
fori

3

0384-1:2021, Condensateurs fixes utilisés dans les équipements électroniques — Par
ification générique

1193-2;2007, Quality assessment systems — Part 2: Selection and use of sampling
spection-of electronic components and packages (disponible en anglais seulement)

artie
seule
ment

tie 1:

blans

Pour les besoins du présent document, les termes et les définitions de I'|EC 60384-1 ainsi que
les suivants s’appliquent.

L’'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp
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3.1

condensateur a diélectrique en céramique, classe 2
condensateur qui posséde un diélectrique a haute permittivité et qui convient aux applications
de dérivation et de couplage ou aux circuits distinctifs de fréquence ou de faibles pertes et
une grande stabilité de capacité ne sont pas d’une importance majeure

Note 1

al'article: Le diélectrique en céramique est caractérisé par la variation non linéaire de capacité surla g

de température de la catégorie (voir le Tableau 2).

3.2
sous
<cla
de te
ou 24

Note

3.3
tens
Ur
tensi
d’'un

Note

-classe
>

°C

a l'article: La sous-classe peut étre exprimée sous forme de code (voir le Tableau 2 et '’Anrfexe B).

on assignée

bn continue maximale pouvant étre appliquée continuellement aux s¢
condensateur utilisé a la température assignée

a l'article: La tension continue maximale est la somme de la ¢ension continue et de la valeur de

de la fension alternative ou de la valeur de créte de la tension d’impulsionvappliquées au condensateur.

4 \

4.1

Les
dans

Les
confdq

Pour
de c4
dans
— td
— td
- d
(z

faleurs assignées et caractéristiques préférentielles

Caractéristiques préférentielles

catégories climatiques  préférentielles doivent étre données unique
les caractéristiques préférentielles.

ondensateurs couverts par le(présent document sont classés en catégories climat
rmément aux régles générales données a ’Annexe A de I'lEC 60068-1:2013.

une température de ‘reférence de 20 °C, les températures minimale et max

Lirée-de'essai continu de chaleur humide 4 jours, 10 jours, 21 jours et 56 jours
0.C+93 % d’humidité relative):

mpérature de la catégorie par rapport a la capacité a la température de référence de 2

amme

mme
0°C

rties

créte

ment

ques

male

tégorie et la duréende l'essai continu de chaleur humide doivent étre sélectionnées
la liste ci-dessouUs:

mpérature minimale de catégorie: -55 °C, -40 °C, -25 °C et -10 °C
mpératuré.maximale de catégorie: +70 °C, +85 °C, +100 °C, +125 °C et +150

°C

Pour la température de référence de 25 °C, les températures de catégorie minimale et maximale
doivent étre choisies dans le Tableau B.1 de I’Annexe B.

Les sévérités des essais de froid et de chaleur séche sont respectivement les températures
de catégorie minimale et maximale.

4.2
421

Valeurs assignées préférentielles

Température assignée

Pour les condensateurs couverts par le présent document, la température assignée est égale

alat

empérature maximale de catégorie.
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4.2.2 Tension assignée (UR)

Les valeurs préférentielles des tensions assignées sont: (25, 40, 63, 100, 160, 250, 400, 630,
1 000, 1600, 2500, 4 000 et 6 300) V. Ces valeurs sont conformes a la série de base
de valeurs préférentielles R5 donnée dans I'ISO 3. Si d’autres valeurs sont nécessaires,
elles doivent étre choisies dans la série R10. La tension appliquée au condensateur,
correspondant a la somme de la tension en courant continu et de la tension de créte en courant
alternatif ou de la tension de créte a créte en courant alternatif, la valeur retenue étant la plus
élevée des deux, ne doit pas dépasser la tension assignée.

4.2.3 Tension de catégorie (U¢)

Puisque la température assignée est définie comme la température de catégorie supérieure,
la tension de la catégorie est égale a la tension assignée, telle qu’elle est” définie
dans|I'lEC 60384-1:2021, paragraphe 3.5.

4.2.4 Valeurs préférentielles de la capacité nominale et des valeurs-de‘tolérance
associées

4.2.41 Valeurs préférentielles de la capacité nominale

Il conjvient que les valeurs de capacité nominale proviennent des séries E3, E6 et E12 données
dans|I'l[EC 60063.

4.2.42 Tolérances préférentielles sur la capacité{nominale

Le Tableau 1 présente les valeurs préférentielles de'tolérance sur la capacité nominale.

Tableau 1 — Tolérances préférentielles sur la capacité nominale

Série préférentielle Jolérances Lettre de codage
%
E3 et E6 -20/+80 z
-20/+50 S
E6 +20 M
E6 et E12 +10 K

4.2.5 Caractéristique de température pour la capacité

Le Thbleau-2_représente la caractéristique de température avec et sans tension en coprant
continu appliquée pour la température de référence de 20 °C. La méthode de codage
de la|sgus=classe est également donnée; par exemple, un diélectrique avec une variation
en paurcentage de +20 % sans tension en courant continu appliquée sur la plage
de températures allant de -55°C a +125°C, sera défini comme un diélectrique
de la classe 2C1. Les caractéristiques de température, les températures de catégorie et
les codes correspondants pour la température de référence de 25 °C sont donnés a I’Annexe B.

La plage de températures, pour laquelle les caractéristiques de température du diélectrique
sont définies, est la méme que la plage de températures de catégorie.
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Tableau 2 - Caractéristique de température pour la capacité

Variation maximale de capacité dans la | Plage de températures de catégorie et code de numéro
plage de températures de catégorie par correspondant

Lett rapport a la capacité a 20 °C mesurée

e | avecetsans application de tension | _55/4150|-55/+125 | ~55/+85 | ~40/+85 | ~25/+85 | +10/+85

ge continue
coaage °C °C °C °C °C °C

de %
sous- 3
classe | Sans tension avec une tension en

en cot}rant courant continu 0 1 2 3 4 6
continu liquée 2
appliquée appliquee
2B +10
20 120
Exigences spécifiées
2D +20/-30 dans
= +22/-56 la spécification
particuliére
2H +30/-80
2R +15

Lorsque la température maximale de catégorie est supérieure a 125 °C, il convient'que les limites de var
de capacité, avec ou sans tension en courant continu, soient indiquées dans |la spécification particuliere.

ation

a

NOTH

La tension en courant continu appliquée correspond soit & la tensiondassignée, soit a la tension spé
dans la spécification particuliére.

cifiée

Voir I’Annexe B pour les valeurs préférentielles des caractéristiques de température pour la tempéfature
de référence de 25 °C.

5

5.1

RProcédures d’essai et de mesure

Généralités

Le prgsent Article 5 compléte les informations de I'lEC 60384-1:2021, de I'Article 5 a I'Artic

5.2

Préconditionnement/spécial

Sauf|spécification contraire” dans la spécification particuliére, le préconditionnement sp
lorsqu’il est spécifié danhs le présent document avant un essai ou une séquence d’es
doit ¢tre effectué dams les conditions suivantes: exposition a une température max
de c3tégorie ou. & une température aussi élevée que spécifiée, le cas éch
dans|la spécifiCation particuliere pendant une durée de 1 h, suivie d’'une reprise pe
une qurée de.24 h £ 1 h dans des conditions atmosphériques normales pour les essais.

NOTE| Kes Condensateurs de classe 2 perdent leur capacité en continu avec le temps selon une loi logarith
(c’est ce’que I'on désigne par vieillissement). Toutefois, si le condensateur est chauffé a une température sup¢g
au point de Curie de son diélectrique, une régénération est constatée, c'est-a-dire que la capacité perdue
par le vieillissement est récupérée, le vieillissement reprend dés que le condensateur recommence a se refroidir.

le 10.

Bcial,
sais,
male
dant,
dant

mique

rieure

Le préconditionnement spécial a pour but d’amener le condensateur a un stade défini, quel que soit son historique
précédent (voir I'Article A.4 pour plus d’informations).

5.3

Examen visuel et controle des dimensions

Voir 'lEC 60384-1:2021, 7.1.
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5.4 Essais électriques
5.41 Capacité
5.4.1.1 Généralités

Voir 'lEC 60384-1:2021, 6.3, avec les détails de 5.4.1.2 et 5.4.1.3.

5.4.1.2 Conditions de mesure

La capacité doit étre mesurée conformément au Tableau 3 et conformément aux informations
donnges aprés le Tableau 3

Tableau 3 — Conditions de mesure

Temppérature de référence Sous-classe Tension de mesure Tension de [référence|?
2B, 2C, 2X 1,0V+0,2V 1,0\ +£0,02V
20 °C 0,3vV+0,2V 0,3V 0,02V

2D, 2E, 2F, 2R ou comme indiqué dans la ou“comme indiqué dans|la

spécification particuliére spécification particuliéne
25 °C R,S, T, U 1,0V+0,2V 1,0V 0,02V

a8 Hn cas de litige concernant les résultats des mesures, la tension de référence est appliquée.

Fréquence: Cy < 100 pF =1 MHz sauf indication confraire dans la spécification particuliere;

v

Cy2 100 pF f=1kHz £20 % a des.fins de mesure et 1 kHz pour les epsais

de référence;

10 yF =100 Hz ou 120'\Hz + 20 % avec une tension de mesure de p,5V

+ 0,2 V; a des:fins de mesure, et 100 Hz ou 120 Hz pour les epsais
de référence:

\%

CN

5.4.13 Exigences
La v3dleur de capacité doit cerrespondre a la valeur assignée en tenant compte de la tolérfance

spécffiée.

Pour|les mesures de-référence, la valeur de capacité doit étre la valeur extrapolée a un t¢mps
de \feillissement,de’ 1 000 h, sauf indication contraire dans la spécification particuliere
(pout I'explication;*voir ’Annexe A).

5.4.2 Tangente de I’angle de perte (tan J)

5.4.211 Généralités

Voir I'|EC 60384-1:2021, 6.4, avec les informations données de 5.4.2.2 4 5.4.2.4.

5.4.2.2 Conditions de mesure

Voir 5.4.1.

5.4.2.3 Précision

La précision des instruments de mesure doit étre telle que I'erreur de mesure ne dépasse pas
0,001.
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5.4.2.4 Exigences

La tangente de l'angle de perte ne doit pas dépasser 0,035, ou une valeur inférieure
qui peut étre donnée dans la spécification particuliére.

5.4.3 Résistance d’isolement (R;)

5.4.31 Généralités

Voir

I'lEC 60384-1:2021, 6.1, avec les informations données en 5.4.3.2 et 5.4.3.3.

5.4.3.2 Conditions de mesure

Voir '|EC 60384-1:2021, 6.1.2, avec les détails suivants:

Pour|Ug < 100 V, la tension de mesure peut étre d’'une valeur ne dépassant pas,Ug, la te
de rgférence étant Ug.

La tgnsion doit étre appliqguée immédiatement a la valeur spécifiée_pendant 1 min £ 5 s

les
(Gro
de la

Le p

hsion

pour

sais d’homologation et les essais périodiques (Groupe C)cPour les essais lot par lot

pe A), l'essai peut étre terminé dans un délai plug™ court, si la valeur e
résistance d’isolement est atteinte.

du cqndensateur ne doit pas dépasser 1 secondg, )Ysauf spécification contraire fig

dans

la spécification particuliére.

Le cqurant de charge ne doit pas dépasser 0,05 A.

La résistance d’isolement (R;) doit étre mésurée & la fin de la durée de 1 min.

5.4.3,

3 Exigences

La résistance d’isolement (R,)\doit satisfaire aux exigences données dans le Tableau 4.

Tableau.4— Exigences relatives a la résistance d’isolement

igée

roduit de la résistance interne de la source de/tension et de la capacité nominale

urant

Style Points de mesure Cy €25 nF Cy > 25nF
R, R, x Cy
Isolé laet1c
24 000 MQ 2100 s
Non |isolé 1a
5.4.4 Tension de tenue
5.4.4.1 Généralités

Voir 'lEC 60384-1:2021, 6.2, avec les informations données de 5.4.4.2 4 5.4.4.4.

544

.2 Conditions d’essai

Le produit de R; et la capacité nominale C, doivent étre inférieurs ou égaux a 1 s.

Le courant de charge ne doit pas dépasser 0,05 A.
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5.4.4.3 Tension d’essai

Les tensions du Tableau 5 doivent étre appliquées entre les points de mesures du Tableau 3
de I'lEC 60384-1:2021, pendant une durée de 1 min pour les essais d’homologation et pendant
une durée de 1 s pour les essais de conformité de la qualité lot par lot.

Tableau 5 — Tensions d’essai

Type Tension assignée Tension d’essai
\Y \%
Congensateurs (\c’\ramiqllne ”R 100 2.5 ”R
multijcouches au plomb
100 < Uy =200 1,5 Ug + 100
200 < U, =500 1,3 Ug + 100
500 < Uy 1,3 Ug
Autrgs Ug < 500 2,5 Ug
Ug > 500 1.5 Ui + 500

Si Uk > 500V, la tension d’essai pour I'essai C (isolation externe) est de 105t/ + 500 V ou comme stipulé
dansg] la spécification particuliére.

5.4.4].4 Exigence
u

Aucun claquage ni contournement électrique ne doit*étre constaté pendant I'essai.

5.5 | Caractéristique de température pour la capacité (température de référence de
20 °C)

5.5.1 Préconditionnement spécial

Voir p.2.

5.5.2 Conditions de mesure

Voir '|EC 60384-1:2021,'6.8.1.2 et 6.8.1.3, avec le Tableau 6.

Les ¢tapes et conditions de mesure d’'une température de référence de 25 °C sont données
a I’Ampnexe B.
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Tableau 6 — Détails des conditions de mesure

Des

En
det

La cppacité de référence est la capacité mesurée a |'étape 3.

du temps. Cette dépendance temporelle est incluse dans lesdlimites données pour la variation de capd
La variation de capacité entre la premiére et la derniére mesureva la référence de température, Etapes 1
indique I'importance du vieillissement concerné. Dans le ecas d’un litige concernant les résultats des meg

"x" indique: tension en courant continu appliquée (si stipulé dans la spécification particuliére)

températures de mesure intermédiaires sont utilisées lorsque les exigences/de 4.2.5 sont a satisfaire.

rhison des effets décrits dans la Note au paragraphe 5.2, les valeurs de capacité mesurées a la référ
gmpérature, pour les étapes 5 a 7 pour lesquelles une tension{en courant continu est appliquée, dépen

Etape de mesure Température Tension en courant continu
appliquée

°C

1 20+ 2 -

2 TA a4 3 -

3 20+ 2 -
b -

4 TgP+2

5 Tgt2 X

6 20+ 2 X

7 Tpt3 X

8 20+ 2 >

NOTE "-"indique: aucune tension en courant continu appliquée.

ence
dent
cité.
et 8,
ures

aved une tension en courant continu appliquée, il est censeillé de convenir d’un intervalle de temps fixe ¢ntre
les mesures a la référence de température, les étapes 5 et 7 avec la tension en courant continu appliquée
(voir|'lEC 60384-1:2021, 6.8.1.3).
a 7, = Température de catégorie inférieure.
b Iz = Température maximale de catégorie:
5.5.3 Exigences
La variation de capacité-doit étre calculée conformément a I'lEC 60384-1:2021, 6.8.3.1.
Les faractéristiques”de température avec et sans tension en courant continu appliquée
ne doivent pas,dépasser les valeurs données dans le Tableau 2.
5.6 | Robustesse des sorties
Voir [I[E€C 60384-1:2021, 7.3.
5.7 Résistance a la chaleur de brasage

5.7.1 Généralités

Voir

'lEC 60384-1:2021, 9.1, avec les informations données de 5.7.2 a4 5.7.5.

5.7.2 Préconditionnement spécial

Voir

5.2.

5.7.3 Mesure initiale

Lac

apacité doit étre mesurée conformément a 5.4.1.
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5.7.4 Rétablissement

Les condensateurs doivent récupérer pendant 24 h £ 2 h.

5.7.5 Inspection finale, mesures et exigences

Les condensateurs doivent étre soumis a un examen visuel. Aucun dommage ne doit étre
constaté et le marquage doit étre lisible.

Les capacités doivent étre mesurées conformément a 5.4.1; leur variation ne doit pas dépasser
les valeurs indiquées dans le Tableau 7.

Tableau 7 — Variation de capacité maximale

Température de référence de 20 °C

Sous-classe Exigences

2B, 2C et 2X +10 %
2D et 2R +15 %
2E et 2F 120 %

NOTE 1 Voir 4.2.5 pour I'explication des codes de sous-classe.

Température de référence de 25.°C

Sous-classe Exigences
R +10 %
S +10 %
T +15 %
u +20 %

NOTE 2 Voir le Tableau B.2 pout Fexplication des codes de sous-classe.

5.8 Brasabilité
5.8.1 Généralités

Voir 'IEC 60384-1:2021,29.2, avec les informations données de 5.8.2 a 5.8.3.

5.8.2 Conditions d’essai

Les g¢xigencésrelatives a la méthode d’essai de la goutte de brasure doivent étre spécifiées
dans|la spécification particuliére. Lorsque ni la méthode du bain de brasage ni celle de la gputte
de brasure n’est appropriée, I'essai au fer a braser doit étre utilisé avec une taille A de fer
a braser

5.8.3 Inspection finale, mesures et exigences

Les sorties doivent étre examinées pour contréler le bon état de I'’étamage mis en évidence
par I’écoulement de la brasure avec un bon mouillage des sorties, ou voir la spécification
particuliere pour la méthode de I'équilibre de mouillage.

5.9 Variations rapides de température (si cela est exigé)
5.9.1 Généralités

Voir I'|EC 60384-1:2021, 8.1, avec les informations données de 5.9.2 a4 5.9.5.
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5.9.2 Préconditionnement spécial
Voir 5.2.
5.9.3 Mesure initiale

La capacité doit étre mesurée conformément a 5.4.1.

5.9.4

Conditions d’essai

Nombre de cycles: 5.

Duré

5.9.5

Les ¢

5.10
5.10.

Voir

5.10.

Le dggré de sévérité suivant de I’essai Fc s’appliquet

La s
la mé
mont
de 6

5.10.

Les
ne dq

5.11

5.11.

b d’exposition aux limites de température: 30 min.

Rétablissement

ondensateurs doivent récupérer pendant 24 h £ 2 h.

Vibrations
1 Généralités
'IEC 60384-1:2021, 7.4, avec les informations données€n/5.10.2 et 5.10.3.

2 Conditions d’essai

sur 'une des plages de fréquences suivantes: 10 Hz a 55 Hz, 10 Hz a 500 Hz, 1
a 2 000 Hz. La durée totale de I’essai doit étre de 6 h.

pécification particuliére doit indiquer la plage de fréquences et doit également spé
thode de montage a utiliser. \Rour les condensateurs a sorties axiales et destinés 3

Es par leurs seuls fils de sortie, la distance entre le corps et le point de montage doi
mm + 1 mm.

3 Inspection finale, mesures et exigences

condensateurs| doivent étre soumis a un examen visuel. Aucun dommage v
it étre constaté.

Secousses (chocs répétitifs)

1 { Geénéralités

0,75 mm de déplacement ou 100 m/s2, lamplitude retenue étant la plus basse des ¢leux,

0 Hz

cifier
étre
étre

sible

Voir I'|EC 60384-1:2021, 7.5, avec les informations données de 5.11.2 a 5.11.4.

La spécification particuliére doit indiquer si I’'essai de secousses (chocs répétitifs) ou de chocs
non répétitifs s’applique.

5.11.

2 Mesure initiale

Non exigée.
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5.11.3 Conditions d’essai
La spécification particuliére doit indiquer laquelle des sévérités préférentielles suivantes
s’applique:
nombre total de 1000 ou 4 000
secousses:
accélération: 400 m/s?

} {100 m/s2
ou
16 ms

durée des impulsions: 6 ms

La sLécification particuliere doit également spécifier la méthode de montage a Uti

liser.
Pour|les condensateurs a sorties axiales et destinés a étre montés par leurs seuls fils“de sprtie,
la digtance entre le corps et le point de montage doit étre de 6 mm + 1 mm.
5.114 Inspection finale, mesures et exigences
Les rondensateurs doivent étre mesurés et inspectés visuellement\et doivent satigfaire
aux exigences indiquées en 5.12.4.
5.12| Choc (chocs non répétitifs)
5.12.1 Généralités
Voir |IEC 60384-1:2021, 7.6, avec les informations donhées de 5.12.2 3 5.12.4.
La spécification particuliére doit indiquer si I’essaiide secousses (chocs répétitifs) ou de dhocs
non fépétitifs s’applique.
5.122 Mesure initiale
Non exigée.
5.123 Conditions d’essai
La gdpécification particuliere doit indiquer les sévérités préférentielles qui s’appliquent,
telleq qu’elles sont indiguées dans le Tableau 8.
Forme de I'impulsion? semi-sinusoidale.
Tableau 8 — Sévérités préférentielles (d’un choc non répétitif)
Accélération de créte Durée correspondante de I'impulsion

I’Tl/Sq TS

300 18

500 11

1000 6

La spécification particuliere doit également spécifier la méthode de montage a utiliser.
Pour les condensateurs a sorties axiales et destinés a étre montés par leurs seuls fils de sortie,
la distance entre le corps et le point de montage doit étre de 6 mm £ 1 mm.
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5.12.4 Inspection finale, mesures et exigences

Les condensateurs doivent étre soumis a un examen visuel. Aucun dommage ne doit étre
constaté et le marquage doit étre lisible.

La capacité doit étre mesurée conformément a 5.4.1 et la variation ne doit pas étre supérieure
aux valeurs figurant dans le Tableau 9.

Tableau 9 — Variation de capacité maximale

Température de référence de 20 °C

Sous-classe Exigences

2B, 2C et 2X +10 %
2D et 2R +15 %
2E et 2F +20 %

NOTE 1 Voir 4.2.5 pour I'explication des codes de sous-classe.

Température de référence de 25 °C

Sous-classe Exigences
R +10)%
S 10 %
T +15 %
u +20 %

NOTE 2 Voir le Tableau B.2 pour I’explicationndes codes de sous-classe.

5.13| Séquence climatique
5.131 Généralités

Voir |'|EC 60384-1:2021, 8.2, avec les informations données de 5.13.2 4 5.13.8.

5.13.2 Préconditionnement spécial

Voir p.2.

5.13.3 Mesureinitiale

La cqpacité.doit étre mesurée conformément a 5.4.1.

5.13.4.5/Chaleur séche

Voir I'lEC 60384-1:2021, 8.2.3.

5.13.5 Chaleur humide, cyclique, essai Db, premier cycle

Voir I'lEC 60384-1:2021, 8.2.4.

5.13.6 Froid
Voir I'|EC 60384-1:2021, 8.2.5, avec les détails suivants.

Le condensateur doit étre soumis a un examen visuel. Aucun dommage visible ne doit étre
constaté.
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