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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —
Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization-Comprjsing

all national electrotechnical committees (IEC National Committees). The object of IEC is to promoté internatjonal

-operation on all questions concerning standardization in the electrical and electronic fields, (To this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications) Fechnical Reforts,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG Publication(s)"). Their

preparation is entrusted to technical committees; any IEC National Committee interestéd if the subject dealf with

ay participate in this preparatory work. International, governmental and non-governmeéntal organizations liajsing

ith the IEC also participate in this preparation. IEC collaborates closely with the-dnternational Organization for
Jtandardization (ISO) in accordance with conditions determined by agreement-bétween the two organizatiops.

2) The formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internatjonal
cpnsensus of opinion on the relevant subjects since each technical,dommittee has representation frofn all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
Jommittees in that sense. While all reasonable efforts are made“to ensure that the technical content ofl IEC
ublications is accurate, IEC cannot be held responsible fof, the way in which they are used or for| any
isinterpretation by any end user.

4) In order to promote international uniformity, IEC Natienal' Committees undertake to apply IEC Publications
tlansparently to the maximum extent possible in their natiohal and regional publications. Any divergence betyveen
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the ltter.

5) C itself does not provide any attestation of ¢onformity. Independent certification bodies provide confofmity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible foq any

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

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

8) Attention is drawn to the-Normative references cited in this publication. Use of the referenced publicatiops is

9) C draws attention”to the possibility that the implementation of this document may involve the use of (a)
tent(s). IEC~fakes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof."As of the date of publication of this document, IEC had not received notice of (a) patent(s), which

ay be required to implement this document. However, implementers are cautioned that this may not reprgsent

the latestinformation, which may be obtained from the patent database available at https://patents.iec.ch] IEC

Thi i , icie 72024 itiom 4.0
allows the user to identify the changes made to the previous IEC 60384-22:2019
edition 3.0. Furthermore, comments from IEC TC 40 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60384-22 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2019. 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 the ISO/IEC Directives,

sed

The

Full
the

The

Thig
acc
at
des

A lis
use

hccordingly; Annex X contains all cross-references of changes in clause/subclg
numbers;

[able 10, Table 12, Table 14 and Table 17;

he table of temperature characteristics of capacitance for the reference_temperature 2
nave been added in Table C.1, Table C.2 and Table C.3;

he requirement in 5.5.2 (visual examination) has been repeated~in<5.9.3, 5.10.6, 5.1
b.12.6, 5.13.8, 5.14.6 and 5.15.6;

he deflection D in the very robust designs has been added in\&.9.1;
Annex C has been changed informative into normative;

Clause D.5 (Test schedule for quality conformance inspection) has been newly adde
vithdraw the blank detail specification: IEC 60384-22-1.

text of this International Standard is based onthe“following documents:
Draft Report on voting
40/3120/FDIS 40/3139/RVD

information on the voting for its approval can be found in the report on voting indicate
pbove table.

language used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope]
prdance with ISOAEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avail
ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
cribed in greater detail at www.iec.ch/publications.

in‘electronic equipment, can be found on the IEC website.

t of allparts in the IEC 60384 series, published under the general title Fixed capacitor$

use

he requirements of reference temperature 25 °C has been added in Table 5;" Table 9,

b °C

1.4,

d in

d in
bble
are

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

e reconfirmed,

e withdrawn, or

e revised.

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 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1

Scope

This
cap
met
boa

hcitors of ceramic dielectric, Class 2, for use in electronic equipment. These capagitors h

rds, or directly onto substrates for hybrid circuits.

60384-14.

object of this document is to-preseribe specify preferred ratingsyand characteristics an
ct from IEC 60384-1:2021 the appropriate quality assessment procedures, tests
give general performance reqmrements for th|s type of capag

part of IEC 60384 is applicable to fixed unencapsulated surface mount multillayer

ave

bllized connecting pads or soldering strips and are intended to be mounted on printed

acitors for electromagnetic interference suppression are not included‘but are covered by

e

Vv
ieation
Toatrot

pemmtteel— Test sever|t|es a

doc
levd
be f

The
con
For
ame

EG

{EG

IEC
sold
dev

= o)

S speC|f|ed in deta|l speC|f|cat|ons referring to
iment provide specific test severities and requiréments of an equal or higher performg
I. Further information on the conception of genéric, sectional and detail specifications
pund in the Introduction of IEC 60384-1:2025M

Q
=
0]
o]
c
=
)
3
D
)
=

Normative references

60068-2-58:2015, Environmental testing — Part 2-58: Tests — Test Td — Test methods
erability, resistance to dissolution of metallization and to soldering heat of surface moun
ces (SMD)

A8HGE8-2_58:2015/AMD1:2017

{ECG

following documents are referredto in the text in such a way that some or all of their content
stitutes requirements of this document. For dated references, only the edition cited app
undated references, the-latest edition of the referenced document (including
ndments) applies.

ies.
any

for
ting

IEC

60384-1:20162021, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification

IEC 61193-2:2007, Quality assessment system — Part 2: Selection and use of sampling plans

fori

nspection of electronic components and packages



This modification in scope clarifies, that deviations to the requirements set forth in this standard are allowed, but only if they are more severe. For example, capacitors which are specified to withstand a substrate bending test with 5 mm bending depth comply to this standard, which requires 1 mm to 3 mm bending depth as test severity.
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Terms and definitions

For the purposes of this document, the 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

add

3.1

surface mount multilayer capacitor

mul
suit

3.2
cap
cap

app
cap

Note

temperature range (see Table 3).

3.3
su
<Cl

Note

3.4

category temperature range
ambient temperature range forwhich the capacitor has been designed to operate continuo

Note

3.5

rated temperature

TR

maXimum ambjent temperature at which the rated voltage-may can be continuously applied

3.6

ratﬂd voltage
Ur

resses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

ilayer capacitor whose small dimensions and nature or shape of terminations mak
bble for surface mounting in hybrid circuits and on printed boards

lacitor of ceramic dielectric, Class 2
bcitor that has a dielectric with a high permittivity and is suitable for by-pass and coug
ications or for frequency-discriminating circuits where low losses and high stabilit
hcitance are not of major importance

1 to entry: The ceramic dielectric is characterized by a non-linear‘change of capacitance over the catq

class

1 to entry: The subclass may be expressed. in code form (see Table 3 and Annex C).

1 to entry: This is given by\the lower and upper category temperature (see Table 3 and Annex C).

e it

ling
y of

gory

ss 2> maximum percentage change of capacitance within the category temperature rgnge
withl respect to the capacitance at the referencestemperature 20 °C or 25 °C

Lisly

maximum DC voltage that-may can be applied continuously to a capacitor at any temperature
between the lower category temperature and the rated temperature

Note 1 to entry: The maximum DC voltage is the sum of the DC voltage and peak AC voltage or peak pulse voltage

appli

3.7

ed to the capacitor.

category voltage

Uc

maximum voltage that can be applied continuously to a capacitor at its upper category

tem

perature
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Preferred ratings and characteristics

Preferred characteristics

Preferred climatic categories only shall be given in the preferred characteristics.

The capacitors covered by this document are classified into climatic categories in accordance

with

the general rules given in IEC 60068-1:2013, Annex A.

For reference temperature 20 °C, the lower and upper category temperatures and the duration

of tH

€ damp heat, steady state test shall be chosen from the following:
ower category temperature: -55 °C, -40 °C, -25 °C, -10 °C and +10 °G;
ipper category temperature: +70 °C, +85 °C, +100 °C, +125 °C and.+#50 °C;

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

For|reference temperature 25 °C, the lower and upper category temperatures shall be chgsen
fromp Table C.1 in Annex C. |2

The| severities of the cold and dry heat tests are the lower and,upper category temperatlires
respectively.

NOTE The resistance to humidity resulting from the above climatie category is for the capacitors in their unmoynted
statel. The climatic performance of the capacitors after mountingds'greatly influenced by the mounting substratq, the
mounting method (see 5.4) and the final coating.

4.2 | Preferred values of ratings

4.2/ Rated temperature (7R)

The|rated temperature is equal to the upper category temperature for capacitors with the upper
catggory temperature not exceeding 125 °C, unless otherwise stated in the detail specificafion.
4.2.p Rated voltage (Ug)

The| preferred values of the rated voltage are the values of the R5 series of ISO 3. If ofther
valdes are needed, théy:shall be chosen from the R10 series.

The|[sum of the DE voltage and the peak AC voltage or the peak-to-peak AC voltage, which¢ver
is the greaterapplied to the capacitor shall not exceed the rated voltage.

4.2 Category voltage (U¢)

Thelcategory—voliage—is—equalto—the ratedvoliageforcapascitors—with-—theupper—scategory

temperature not exceeding 125 °C. Any category voltages which are different from the rated
voltage, for capacitors with the upper category temperature exceeding 125 °C or for high-
voltage capacitors with rated voltages about 500 V, shall be given in the detail specification.

The preferred values of the category voltage at 125 °C upper category temperature for high
volumetric capacitors with a rated voltage of 16 V and less and a rated temperature of 85 °C

are

given in Table 1.


This is the most important change in the new edition. The addition of the reference temperature 25 °C became necessary to include the temperature characteristics specified in EIA-198-1, which are very common in the market. With this extension, the requirements to those capacitors are now precisely given in this standard and included in Clause 5. See Annex C for details.
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4.2,
4.2,
No
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Table 1 — Preferred values of category voltages

2,5 4 6,3 10 16

1,6 2,5 4 6,3 10

NOTE The numeric values of U, are calculated by the following:

Uc = 0,63xUg

IEC 60384-22:2024 CMV © |IEC 2024

Preferred values of nominal capacitance and associated tolerance values
A Preferred values of nominal capacitance

inal capacitance values-shall should be taken from-the-rumberseriesof HEC-60063;

E3, |E6 and E12 series-arepreferred given in IEC 60063.
4.2.4.2 Preferred tolerances on nominal capacitance
Seeg| Table 2.
Table 2 — Preferred tolerances
Preferred series Tolerance Letter code
%
E3 and E6 -20/+80 z
—20/+50 S
E6 #20 M
E6 and E12 +10 K
4.2.6 Temperature characteristic of capacitance

Tab
and
sub
volt
diel

cornesponding .codes for the reference temperature 25 °C are given in Annex C.

tem

sanle as the category temperature range.

e 3-denoteswith-a-cross-the preferred-valuesof shows the temperature characteristic

without DC voltage applied for the reference temperature 20 °C. The method of coding
Class is also given; for example a dielectric with a percentage change of £20 % without
hge applied over—the temperature range from -55 °C to +125 °C will be defined 3
pctric of subglass 2C1.The temperature characteristics, category temperatures

berature rahge for which the temperature characteristic of the dielectric is defined is

the

Wwith
the
DC
s a

and

The
the
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Table 3 — Temperature characteristic of capacitance

Maximum capacitance change Category temperature range and corresponding number
within the category temperature code
range with respect to the
capacitance at 20 °C measured -55/+150 | —-55/+125 | -55/+85 | -40/+85 | -25/+85 | +10/+85
with and without a DC voltage
Sub-class applied
letter code
% °C °C °C °C °C °C
without DC with DC
voltage applied voltage 0 1 2 3 4 6
appiicd=
2B 10 * * *
2C +20 * * x
Requirements
2D +20/-30 specified in the * P
2E +22/-56 detail x « « N
specification
2F +30/-80 > £< * g
2R +15 * * * >

Whgn the upper category temperature is above 125 °C, the limits of capacitance Change, both with and withou{ DC
voltage applied, should be given in the detail specification.

NOTE Annex C can be referred to for preferred values of the temperature characteristic for the refergnce
temperature of 25 °C.

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

4.2.6 Dimensions

Suglgested rules for the specification~and coding of dimensions are given in Annex A.

Spegific dimensions shall be given in the detail specification.

5 [Test and measurement procedures

5.1 General

Thig Clause 5supplements the information given in IEC 60384-1:20162021, Clause 5 to Clquse
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 test, 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 during 1 h, followed by recovery during (24 + 1) h under standard
atmospheric conditions for testing.

NOTE Capacitors lose capacitance continuously with time in accordance with 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 state regardless
of its previous history (see Clause B.4 for further information).
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Measuring conditions

IEC 60384-1:20162021, 5.2.1.

Mounting

IEC 60384-1:20162021, 5.5.

Visual examination and check of dimensions

1 General

IEC 60384-1:20462021, 7.1, with the details of 5.5.2 and 5.5.3.

] Visual examination

sual examination shall be carried out with suitable equipment with approximately

nification and lighting appropriate to the specimen under test and the quality level requi
ase the specimen are very small components, the visual examinatigh”"may be carried
higher magnification.

operator should have available facilities for incident or transmitted illumination as we
ppropriate measuring facility.

3 Requirements
3.1 General

ntitative values for the requirements below may be given in the detail or in
ufacturer's specification.

3.2 Requirements for the ceramic

Requirements for the ceramic are_as follows:

a)

Be free of cracks or fissures, except small damages on the surface, that do not deterio
he performance of the Capacitor (examples: see Figure 1 and Figure 2).

P

IEC

Figure 1 — Fault: crack or fissure

10 x

red.
out

| as

the

rate

IEC

NOTE Crack or fissure on one side or extending from one face to another over a corner.

Figure 2 — Fault: crack or fissure
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b) Not exhibit visible separation or delamination between the layers of the capacitor
(see Figure 3).

Separation or
delamination

Crack

IEC

5.5.

Requirements for the metallization are @s follows:

a)

b)

The

of the area of that\face; these gaps shall not be concentrated in the same area. The gap

met
edg
exc

Figure 3 — Separation or delamination

Not exhibit exposed electrodes between the two terminations (see Figure 4).

Exposed eléctrodes

IEC

Figure 4 — Exposed electrodes

Central zone between two adjacent terminations which is equal to the minimum distd
petween those (Annex A, dimension Ly).

3.3 Requirements for the metallization

Not exhibit any visible detachment of the metallized terminations and not exhibit
bxposed electrodes (see Figure 4).

[he principal faces (see-Figure 5) are those noted A, B and C.

n the case of capacitors of square section, the faces D and E are also considered princ

maximum area of gaps in metallization on each principal face shall not be greater than 1

bllization shall not affect the two principal edges of each extremity of the block (or
s for square section capacitors). Dissolution of the end face plating (leaching) shall
bed 25%-0f the length of the edge concerned.

he ceramic body shall be free of any conducting Smears (metallization, tinning, etc.) ¢n a

nce

any

pal.

5 %
s in
four
not

Principal edges

IEC

Figure 5 — Principal faces
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Electrical tests
1 Capacitance
1.1 General

IEC 60384-1:20462021, 6.3, with the details of 5.6.1.2 and 5.6.1.3.

1.2 Measuring conditions

Table 4, unless otherwise specified in the detail specification.

Table 4 — Measuring conditions

Nominal capacitance Rated voltage Frequency Measuring voltage Referee voltage
Ug V RMS V RMS
CN <100 pF a 1 MHz 1,0+£0,2 1,0 £ 0,02
10p pF < CN <10 pF Ug>6,3V 1 kHz 1,0+£0,2 1,0 £ 0,02
Ugs63V 1 kHz 0,5 + 052 0,5+ 0,02
CN > 10 pF a 100 Hz or 120 Hz 0,6 +0,2 0,5+ 0,02

All-rated voltages (Ug).

5.6.

The|
vall

The|

For
timg
exp
spef

5.6.
5.6.

Se¢]

1.3 Requirements

e taking into account the specified tolerapce.

anations).
7] Tangent of)loss angle (tan §)

2.1 General

IEC 60384-1:20162021, 6.4, with the details of 5.6.2.2 and 5.6.2.3.

5.6.

b M . liti

capacitance value as measured in the unmounted state, shall correspond with the rated

capacitance as measured in the mounted state in accordance with Group 3 is for refergnce
purposes only in further tests.

referee measurements, the.capacitance value shall be the value extrapolated to an ageing
of 1000 h, unless otherwise specified in the detail specification (see Annex B

The measuring conditions are the same as those of 5.6.1. The inaccuracy of the measuring
equipment shall not exceed 1 x 1073,

5.6.2.3 Requirements

The tangent of loss angle as measured in the unmounted state shall not exceed the limit given
in Table 5.
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Table 5 — Tangent of loss angle limits

Reference temperature Rated voltage Subclass Tangent of loss angle
Ur
Ug 210V All subclass codes Not t_excee_ad 0,035 or value_gs may
be given in the detail specification
20°C 2B, 2C, 2R 0,1
Ug <10V 2D, 2E 0,15
2F 0,2

Not exceed 0,035 or value as 'n

U,210V
R All subclass codes be given in the detail specifigatipn
R 0,1
25°C S 0.1
Ug <10V
T 0,15
U 0,15

NO

TE See 4.2.5 and Annex C for an explanation of the subclass codes.

The|

refefrence purposes only in further tests.

5.6.
5.6.

Seg]

5.6.
Prig
Car
mes
insu
5.6.

See]

The|

tangent of loss angle as measured in the mounted statejin~accordance with Group 3 is

3 Insulation resistance

3.1 General

IEC 60384-1:20462021, 6.1, with the details of 5.6.3.2 to 5.6.3.4.
3.2 Preparation for test

r to the test, capacitors shall bg,carefully cleaned to remove any contamination.

e shall be taken to maintain cleanliness in the test chambers and during post;
surements. Before the )measurement, the capacitors shall be fully discharged.
lation resistance shall be measured between the terminations.

3.3 Measuring conditions

IEC 60384-1:201462021, 6.1.2, with the following details.

for

test
The

for

measuring voltage may be of any value not greater than Ug, the referee voltage being

Ur,

¢apacitor with a rated voltage below or equal to 1 kV. For Ug > 1 kV the referee vol1age

shaltbe 1KV

The insulation resistance (R;) shall be measured after the voltage has been applied for (60 * 5) s.

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 product of the internal resistance of the voltage source and the nominal capacitance of the
capacitor shall not exceed 1 s, unless otherwise-preseribed specified in the detail specification.

The charge current shall not exceed 0,05 A. For capacitors with rated voltages of 1 kV and
above, a lower limit (value) may be given in the detail specification.
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3.4 Requirements

insulation resistance shall meet the following requirements.

Cy < 25nF R, = 4 000 MQ

Cy > 25nF R x Cy2100s

4 Voltage proof

4.1 General

See| IEC 60384-1:20162021, 6.2, with the details of 5.6.4.2 to 5.6.4.4.

5.6

The

NOT
foun

The

For

4.2 Test conditions

product of R, and the nominal capacitance Cy shall be smaller than orfequal to 1 s.

E R, is a charging resistor that includes the internal resistance of the voltage source. More information c3
i in IEC 60384-1:20462021, 6.2.2.

charge current shall not exceed 0,05 A.

capacitors with rated voltages of 1 kV and above, a lower charge current limit value ma

givgn in the detail specification. To protect the capacitors against flashover, the test may
performed in a suitable insulating medium.

5.6.

The|
6.1.
test

5.6.

The

5.6.
5.6.

4.3 Test voltages

test voltages in accordance with Tablée«6 'shall be applied between the measuring poin
3 and Table 3 in IEC 60384-1:206462021, for a period of 1 min for qualification appr
ng and for a period of 1 s for the lot!by-lot quality conformance testing.

Table 6 — Test voltages

Rated voltage Test voltage
V \%

Ug <100 2,5 Ug
100 < Ug = 200 1,5 Ug + 100
200 < Ug =500 1,3 Ug + 100
500 < Ug < 1000 1,3 Ug

Ug 2 1000 1,2 Uy

n be

/ be
be

s of
bval

4.4 Requirement

re shall be no breakdown or flashover during the test.
5 Impedance (if required by the detail specification)
5.1 General

See |IEC 60384-1:20462021, 6.6, with the details of 5.6.5.2 and 5.6.5.3.
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5.6.5.2 Measuring conditions

The frequency of measurement: 100 kHz, with a relative tolerance of £10 %.

5.6.5.3 Requirements

Impedance shall be specified in the detail specification.

5.6.6 Equivalent series resistance [ESR] (if required by the detail specification)

5.6.6.1  General
See| IEC 60384-1:20162021, 6.4.2, with the details of 5.6.6.2 and 5.6.6.3.

5.6.6.2 Measuring conditions

The|frequency of measurement: 100 kHz, with a relative tolerance of 10 %.

5.6.6.3 Requirements

The| ESR shall be specified in the detail specification.

5.7| Temperature characteristic of capacitance (referencetemperature 20 °C)
57/ Special preconditioning

See|6.2.

5.7.R Measuring conditions

See| IEC 60384-1:20462021, 6.8.1, with the following details.

The| capacitors shall be measured injunmounted-state-as—wel-as-the-conditions—of Tabl¢-+1+
stade following the steps and conditjons given in Table 7.

The|lmeasuring steps and conditions for a reference temperature 25 °C are given in Annex|C.
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Table 7 — Details of measuring conditions

Measuring step Temperature DC voltage applied
°C
1 20+ 2 -
2 T2+3 -
3 20+ 2 -
4 TgP + 2 -
5 Tgt2 x
6 20+ 2 x
7 Ty, %3 x
8 20+ 2 \

Measurements may be made at such intermediate temperatures as to ensure that the requiréments of 4.2.5|are
mef.

NOJFE—Reference capacitance is the capacitance measured at Step 3.

NOJFE—Because of the effects described in the Note in 5.2, the capacitance{values measured at temperafure
refdrence, Steps 5 to 7, with DC voltage applied, are time dependent. This time dependency is included in |the
given limits for capacitance change. The capacitance changes betweenithe first and the last measurement$ at
temperature reference, Steps 1 and 8, indicates the amount of ageing invelved. In the case of a dispute about|the
restilts of measurements with DC voltage applied, it is advisable tg agree upon a fixed time interval betwpen
measurements at temperature reference, Steps 5 and 7 with D€ voltage applied (see IEC 60384-1:20462(21,
6.8]1.3).

NOffE "-" indicates: no DC voltage applied
"x" indicates: DC voltage applied (if spegified in the detail specification)

a T, = Lower category temperature.

Ty = Upper category temperature.

5.7.8 Requirements

Temperature characteristic with and without DC voltage applied shall not exceed the values
givgn in Table 3.( The variation of capacitance shall be calculated in accordance with
IEC|60384-1:20462021, 6.8.3.1.

5.8 Shear-test
See| |IEC.60384-1:20162021, 7.7.

A force shall be selected from 1 N, 2 N, 5 N or 10 N and specified in the detail specification.

5.9 Substrate bending test
5.9.1 General
See IEC 60384-1:20162021, 7.8.

Unless otherwise specified in the detail specification,

— the deflection D shall be selected from 1 mm, 2 mm or 3 mm, higher deflection values may
be given in the detail specification in case of very robust designs.

— the number of bends shall be 1 time,
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the radius of the bending tool shall be 5 mm.
When the deflection D is 2 mm or less, the radius may be 230 mm.
the duration in the bent state shall be 5 s.

For 1005M or smaller size, the thickness of substrate should be 0,8 mm.

5.9.2 Initial measurement

Th

e capacitance shall be measured as specified in 5.6.1 and in the detail specification.

5.9.8 Final inspection

Th

Th

e| capacitors shall be visually examined and there shall be no visible damage. Seé 5:5.2

€| change of capacitance with board in bent position shall not exceed 10 %,

5.10 Resistance to soldering heat

5.10.1 General

See| IEC 60068-2-58 with the details of 5.10.2 to 5.10.6.

5.10.2 Special preconditioning

See|5.2.

5.10.3 Initial measurement

Th

el capacitance shall be measured in accordance with 5.6.1.

5.10.4 Test conditions

5.10.4.1 Solder bath method (applicable to 1608M, 2012M and 3216M)

NOTE See Table A.1 for explanation of the size code.

See| IEC 60068-2-58, Test Td,, Method 1, with the following details, if not otherwise specffied
in the detail specification:

The|specimen shall-be preheated to a temperature of 110 °C to 140 °C and maintained for 0 s
to 6P s.

Solder alloy: Sn-Pb or Sn-Ag-Cu

Ten[perature: 260 °C£5°C

Duratien-efimmersion: 40-s—+4-5s

Depth of immersion: 10 mm

Number of immersions: 1

5.10.4.2 Infrared and forced gas convection soldering system

See |IEC 60068-2-58, Test Td,, Method 2, with the following details:

a)
b)
c)

the solder paste shall be applied to the test substrate;
the thickness of solder deposit shall be specified in the detail specification;
the terminations of the specimen shall be placed on the solder paste;
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d) solder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 £ 10) °C and maintained for 60 s to 120 s in infrared
and forced gas convection soldering system;

the temperature of the reflow system shall be quickly raised until the specimen has reached
(235 £ 5) °C and maintained at this temperature for (10 £ 1) s;

e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the reflow temperature profile shall be
selected from Table 8 and Figure 6.

Table 8 — Reflow temperature profiles for Sn-Ag-Cu alloy

Alloy composition T, T, t T, t, T, ty
°C °C S °C S °C s
Ledd-free solder | Test 1 20'to 40 at 7, —$-K

150+5 | 1805 | 120+5 | 220 |60t090 | 250 )
(SntAg-Cu) 5°C

Fest2 | 150+5 | 180+5 | 420+5 | 220 | <60 | (@85 | <20atF¥,=10K

A
Y

ﬂ
A
Y

A
Y

\J

IEC

Figure 6 — Reflow temperature profile

f) pumber of each test: 1, unless otherwise specified in the detail specification.
g) the temperature profile of d) or e) shall be specified in the detail specification.

5.10.5, ( Recovery

The bdpdb;tulb stattrecover-for24t—+21r
The flux residues shall be removed with a suitable solvent.

5.10.6 Final inspection, measurements and requirements

After recovery, the capacitors shall be visually examined and measured and shall meet the
following requirements.

Under normal lighting and approximately 10x magnification, there shall be no signs of damage
such as cracks. See 5.5.2.

Dissolution of the end face plating (leaching) shall not exceed 25 % of the length of the edge
concerned. The detail specification may-preseribe specify further details.
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The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed
the values in Table 9.

Table 9 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B and 2C 10 %
2D and 2R 15 %
ZE and ZF 20 %

NOTE See 4.2.5 for an explanation of the subclass codes.

Reference temperature 25 °C

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

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

5.11 Solderability

5.11.1 General

See| IEC 60068-2-58 with the details of 5.11.2t0 5.11.4.

5.11.2 Test conditions

5.11.2.1 Solder bath method (applicable to 1608M, 2012M and 3216M)

NOTE See Table A.1 for explanation-af-the size code.

See| IEC 60068-2-58, Test Td,, Method 1, with the following details, if not otherwise specffied
in the detail specification.

The| specimen shall.be preheated to a temperature of 80 °C to 140 °C and maintained for B0 s
to 6P s.

Solder alloys Sn-Pb Sn-Ag-Cu

Teanerature: (235+5)°C (245+5)°C

Duratieh of immersion: 2+02)s (3+03)s

Depth of immersion: 10 mm 10 mm

Number of immersions: 1 1

5.11.2.2 Infrared and forced gas convection soldering system

See |IEC 60068-2-58, Test Td,, Method 2, with the following details:

a) the solder paste shall be applied to the test substrate;

b) the thickness of solder deposit shall be specified in the detail specification;

c) the terminations of the specimen shall be placed on the solder paste;
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d) solder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 + 10) °C and maintained for 60 s to 120 s in the
infrared and forced gas convection soldering system;

the temperature of the reflow system shall be quickly raised until the specimen has reached
(215 £ 3) °C and maintained at this temperature for (10 £ 1) s;

e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 £ 5) °C to (180 £ 5) °C for 60 s to 120 s in the infrared

f)

5.11

The|

5.11

The|
10x%

Both end face and the contact areas shall be covered-with a smooth and bright solder co4
with

de-

The|

5.12
5.12
This

Se¢]

The|

5.1%

See]

ATTd—forcedgas Convecton Soaering SySternT,

he temperature of the reflow system shall be quickly raised until the specimen has.reag
235 + 3) °C. The time above 225 °C shall be (20 + 5) s;

he temperature profile of d) or e) shall be specified in the detail specificatiom
.3 Recovery

flux residues shall be removed with a suitable solvent.

.4 Final inspection, measurements and requirements

capacitors shall be visually examined under normal lighting and approximg
magnification. There shall be no signs of damage. See 5.5.2.

no more than a small number of scattered impgerfections such as pinholes or unwette
vetted areas. These imperfections shall not be.concentrated in one area.

detail specification may-preseribe spegify~further requirements.

Rapid change of temperature
.1 General
test shall be applied only.te’capacitors for which the category temperature is greater 11
IEC 60384-1:20462021, 8.1, with the details of 5.12.2 to 5.12.6.
capacitors shall’be mounted in accordance with 5.4.
.2 Special preconditioning
5.2(

hed

tely

ting
d or

5.12.3 Initial measurement

The

capacitance shall be measured in accordance with 5.6.1.

5.12.4 Number of cycles

The

number of cycles: 5

Duration of exposure at the temperature limits: 30 min.

5.12.5 Recovery

The

capacitors shall recover for 24 h + 2 h.
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5.12.6 Final inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.

The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed
the value in Table 10.

Table 10 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B and 2C 10 %
2D and 2R 15 %
2E and 2F +20 %

NOTE See 4.2.5 for an explanation of the subclass codes.

Reference temperature 25 °C

Subclass Requirements
R +1Q07%
S 10 %
T 115 %
u +20 %

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

5.13 Climatic sequence
5.13.1 General

See| IEC 60384-1:20162021, 8.2, with"the details of 5.13.2 to 5.13.8.

5.13.2 Special preconditioning

See|5.2.

5.13.3 Initial measurement

The| capacitance:shall be measured in accordance with 5.6.1.

5.13.4 ,_Dry heat
Seg| IE€C 60384-1:20162021, 8.2.3.

5.13.5 Damp heat, cyclic, Test Db, first cycle
See IEC 60384-1:20162021, 8.2.4.

5.13.6 Cold

See |IEC 60384-1:201462021, 8.2.5, with the following details.

The capacitors shall be visually examined. There shall be no visible damage.
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5.13.7 Damp heat, cyclic, Test Db, remaining cycles

5.13.7.1 General

See |[EC 60384-1:20162021, 8.2.7, with the details of 5.13.7.2 and 5.13.7.3.

5.13.7.2 Test conditions

No voltage applied.

The remaining cycles shall be tested in accordance with Table 11.

5.13

The|

5.13

The|

The|

If tH
med
and

Table 11 — Number of damp heat cycles

Category No. of cycles of 24 h
-/-156 5
-/=-121 1
-/=110 1
-/ —-104 0

.7.3 Recovery

capacitors shall recover for 24 h + 2 h.

.8 Final inspection, measurements and requirements

capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.
capacitors shall be measured and shall meet the requirements in Table 12.

e capacitance value is less (than the minimum value permitted, then after the o
surements have been madg the capacitor shall be preconditioned in accordance with

then the requirement in Jable 12 shall be met.

ther
52
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Table 12 — Final inspection, measurements and requirements

— 27 —

Requirements (reference temperature 20°C)

esistance

(whichever is less of the two values)

Measuring
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 5.6.1 ACIC=210 % ACIC<+15% ACIC=+20 % ACIC < +30%
Tangent of loss 5.6.2 < 2 x value of 5.6.2
angle
neulatian R,21000MQor R, xCy225s
0.0.3

NOJTE See 4.2.5

for an explanation of the subclass codes.

Requirements (reference temperature 25°C)

(whichever istess of the two values)

Measuring
Mgasurement conditions Subclasses Subclasses Subclasses Subclasse$
R S T U
Clapacitance 5.6.1 AC/C<+£10 % AC/C<£+£10 % AC/C St\X5 % AC/C £ +20%
Tangent of loss 5.6.2 < 2 x value of.5.8)2
angle
. R.>1 000 MQoNR! x C\, 225 s
nsulation 5.6.3 i i N
esistance o

NO[FE See Table C.2 for an explanation of the subclass codes.

5.14

5.14.1

General

Damp heat, steady state

See| IEC 60384-1:201462021, 8.3, with.the details of 5.14.2 to 5.14.6.

The| capacitors shall be mounted i accordance with 5.4.

5.14.2 Special preconditioning

Seeg|5.2.

5.14.3 Initial measurement

The| capacitance shall be measured in accordance with 5.6.1.

5.14.4, Test conditions

No voltage shall be applied, unless otherwise specified in the detail specification.

The severity of the test should be selected from the test conditions as shown in Table 13 and

be specified in the detail specification.

The duration time should be selected in accordance with 4.1 and shall be specified in the detail

specification.
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Table 13 — 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

IEC 60384-22:2024 CMV © |IEC 2024

When the application of voltage is-preseribed specified, Ug shall be applied to one halt o

lot 4

With
5.6.

For
volt

5.14

The

5.14

The

The

If th
medg
and

nd no voltage shall be applied to the other half of the lot.

in 15 min after removal from the damp heat test, the voltage proof test in agcordance
1 shall be carried out, but with the rated voltage applied.

hges of 1 kV or above may be given in the detail specification.

.5 Recovery

capacitors shall recover for 24 h + 2 h.

.6 Final inspection, measurements and requirements

capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.

capacitors shall be measured and shall meet the requirements in Table 14.

surements have been made, the capacitors shall be preconditioned in accordance with
then the requirement in Table A4 shall be met.

the

with

safety reasons, different conditions for the application of voltage to ‘capacitors with rated

e capacitance value is less than-the minimum value permitted, then after the ofher

5.2
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Table 14 — Final inspection, measurements and requirements

Requirements (reference temperature 20°C)

Measuring

Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 5.6.1 AC/C<+£10 % AC/C£+15 % AC/C £ +20 % AC/C<+30%
Tangent of loss 5.6.2 < 2 x value of 5.6.2
angle
neulatian R,21000MQor R, xCy225s
0.0.3

esistance (whichever is less of the two values)

NO[FE See 4.2.5 for an explanation of the subclass codes.

Requirements (reference temperature 25°C)

Measuring

Mgasurement conditions Subclasses Subclasses Subclasses Subclasse$
R S T U
Clapacitance 5.6.1 AC/C<+£10 % AC/C<£+£10 % AC/C St\X5 % AC/C £ +20%
Tangent of loss 5.6.2 < 2 x value of.5.8)2
angle
. R.>1 000 MQoNR! x C\, 225 s
nsulation i i N
. 5.6.3
esistance

(whichever isfess of the two values)

NOJ'E See Table C.2 for an explanation of the subclass codes.

5.1 Endurance
5.18.1 General

Seeg| IEC 60384-1:20162021, 8.5, with.the details of 5.15.2 to 5.15.6.
The| capacitors shall be mounted i accordance with 5.4.

5.18.2 Special preconditioning

Seeg|5.2.

5.15.3 Initial . measurement

The| capacitance shall be measured in accordance with 5.6.1.

5.18.4, Test conditions

If the category voltage is equal to the rated voltage, the capacitors shall be tested as in Table 15.

Table 15 — Endurance test conditions (U = Ug)

Ug Up S 200 200 < U < 500 Ug > 500
Temperature Upper category temperature
Voltage (DC) 1,5 Ug 1,3 Ug 1,2 Ug
Duration 1000 h 1500 h 2000 h

If the category voltage is not equal to the rated voltage, the capacitors shall be tested as in
Table 16.
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Table 16 — Endurance test conditions (Ug # UR)

IEC 60384-22:2024 CMV © |IEC 2024

Ug U = 200 200 < Ug = 500 Ug > 500
Temperature T Ty Tg Ty Tx Ty
Voltage (DC) 1,5 Ug 1,5 Ug 1,3 Ug 1,3 U, 1,2 Ug 1,2 Ug

Duration 1000 h 1500 h 2000 h
Sample Divided into two parts Divided into two parts Divided into two parts

Ty = Rated temperature.

Ty T Upper category temperatures > 85 °C, such as 100 °C.
5.18.5 Recovery
The| capacitors shall recover for 24 h £ 2 h.
5.18.6 Final inspection, measurements and requirements
The| capacitors shall be visually examined. There shall be no visible.damage. See 5.5.2.
The|capacitors shall be measured and shall meet the requirements in Table 17.
If the capacitance value is less than the minimum ,value permitted, then after the ofher

megsurements have been made the capacitor shall be‘preconditioned in accordance with
then the requirement in Table 17 shall be met.

and

Table 17 — Final inspection, measurements and requirements of endurance test

5.2

Requirements (reference temperature 20 °C)

(whichever is less of the two values)

Mgasurement Meas'u-rlng Subclasses Subclasses Subclasses Subclasse$
conditions
2B and 2C 2D and 2R 2E 2F
C|apacitance 5.6.1 AC/C <10 % AC/C<£+15 % AC/C£+x20% AC/C £+ 30%
Tapgent of loss 5.6.2 < 2 x value of 5.6.2
angle
nsulation R, 22000 MQor R x Cy250s
esistance &3

NO[FE See 4.2.5

for an explanation of the subclass codes.

Requirements (reference temperature 25 °C)

Mgasurentent gnoe:jil:iréﬁg Subclasses Subclasses Subclasses Subclasse$
R S T U
Clapacitance 5.6.1 AC/C<+£10 % AC/C<+£10 % AC/C<+£15% AC/C £+ 20%
Tangz:tgl"ef loss 5.6.2 < 2 x value of 5.6.2
Insulation 56.3 R; > 2000 MQ or R, x Cy250s
resistance (whichever is less of the two values)

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

5.16 Robustness of terminations (only for capacitors with strip termination)

5.16.1

General

See |IEC 60384-1:201462021, 7.3, with the details of 5.16.2 and 5.16.3.
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5.16.2 Test conditions
Unless otherwise specified in the detail specification, the conditions of the tests are as follows:

Test Uay: force: 2,5 N;
Test Ub, Method 1: force: 2,5 N;

number of bends: 1.

5.16.3 Final inspection and requirements

PSR- | I 5 naHa-ae-d—Thar hal
CVISUamy  CAaTmToC U T oTeoiTat

o3
]
g

Th,\ P H P ball b
CreapacitorsS—STTan o

5.17 Component solvent resistance (if required)

Seeg| IEC 60384-1:20462021, 9.4.

5.18 Solvent resistance of the marking (if required)

Seeg| IEC 60384-1:20462021, 9.5.

5.19 Accelerated damp heat, steady state (if required)
5.19.1 General

See| IEC 60384-1:20462021, 8.9, with the details of 5.19.2to0 5.19.5.
The|capacitors shall be mounted in accordance with(5.4 and IEC 60384-1:20462021, 8.9.1

Hali the capacitors shall be connected in _series with resistors of 100 kQ, with a relgtive
tolerance of £10 % and half in series with resistors of 6,8 kQ, with a relative tolerance of 10 %.

5.19.2 Initial measurement

The| capacitors shall be measured for insulation resistance with a voltage of 1,5V £ 0|1V
applied across the capacitor.afnd resistor in series.

The| insulation resistanee, -including the series resistor, shall meet the requirements givepn in
Tabje 18.

Table 18 — Initial requirements

Measurement Measuring Requirements
conditions

C,<25nF: R 24000 MQ
Connected to N nee g

100K resistors | ¢ > 25 nF: (R, - 100 kQ) x Cy, = 100 s

Insulation resistance (1,5+0,1)V
Cy S25nF: R, 24000 MQ
Connected to !

6.8 kQresistors | ¢ > 25 nF: (R, - 6,8 kQ) x C, 2 100 s

5.19.3 Conditioning

The capacitors with associated resistors shall be subjected to conditioning at (85 + 2) °C,
(85 + 3) % relative humidity for the test duration given in Table 19. The voltage given in
Table 19 shall be applied to the capacitors connected to 100 kQ resistors and those connected
to 6,8 kQ resistors. In both cases, the voltage shall be applied across the capacitor/resistor
combination.
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Care shall be taken to avoid condensation of water on the capacitors or substrates. This-may
can happen if the door is opened during the test before the humidity is lowered.

Table 19 — Conditioning

Connected resistors Applied voltage Duration
kQ
100 (1,5 £ 0,1) V or the voltage specified in the detail
specification 168 h, 500 h or 1 000 h;
- - as specified in the detail
6.8 (50 + 0,1) V or U, whichever is the lower, or the voltage | cnocification
specified in the detail specification

5.19.4 Recovery

The| applied voltage shall be disconnected, and the capacitors and resistors shall be remqved
from the test chamber and allowed to recover for 24 + 2 h in standard atmespheric conditjons
for festing.

5.19.5 Final measurements

The|capacitors shall be measured for insulation resistance, as/in 5.19.2.

Thelinsulation resistance, including the series resistor, shall.be higher than 0,1 times the vajues
givgn in 5.19.2.

6 [Marking

6.1 General

Seeg| IEC 60384-1:20162021, 4.3, with the details of 6.2 to 6.6.

6.2| Information for marking

The| information given in theumarking is normally selected from the following list; the relgtive
impprtance of each item is indicated by its position in the list:
— pominal capacitance;

— frated voltage (DC voltage may be indicated by the symbol: Z__ [IEC 60417-5031(2002-/10)]
br —);

— folerance~on nominal capacitance;

— (lieleetric subclass as applicable (in accordance with 4.2.5 or Annex C);

— yearsand month (or week) of manufacture;

— manufacturer's name or trade mark;
— climatic category;
— manufacturer's type designation;

— reference to the detail specification.
6.3 Marking on the body

These capacitors are generally not marked on the body. If some marking can be applied, they
shall be clearly marked with as many as possible of the items stated in 6.2 as is considered
useful. Any duplication of information in the marking on the capacitor should be avoided.
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6.4 Requirements for marking

Any marking shall be legible and not easily smeared or removed by rubbing with fingers.

6.5 Marking of the packaging

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

6.6 Additional marking

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

7 |Information to be given in a detail specification

7.1 General

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

Detail specifications shall not specify requirements inferior to thosé of the generic, sectional or
blank detail specification. When more severe requirements are-included, they shall be-listgd-in

1-9-pf-the-detail-specification-and indicated in the test schedules; for example by an asterigk.

The|information given in 7.2 may be presented in tabular form if more convenient.

The|information in 7.2 to 7.5 shall be given in each{detail specification and the values qu¢ted
sholild be selected from those given in the appropriate clause of this document.

7.2| Outline drawing and dimensions

Thefe shall be an illustration of the capacitors as an aid to easy recognition and for compar|son
of the capacitors with others.

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

Normally the numerical values shall be given for the length, width and height of the body. When
necgessary, forsexample when a number of items (sizes and capacitance/voltage ranges)|are
covered bypra‘detail specification, the dimensions and their associated tolerances shal| be
pladed in.axable below the drawing.

Whenthe configuration is other than described above, the detail specification shall state quch
dimensional information as will adequately describe the capacitors.

7.3 Mounting

The detail specification shall give guidance on methods of mounting for normal use. Mounting
for test and measurement purposes (when required) shall be in accordance with 5.4 of this
document.

7.4 Rating and characteristics
7.41 General

The ratings and characteristics shall be in accordance with the relevant clauses of this
document, together with 7.4.2, 7.4.3 and 7.4.4.
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7.4.2 Nominal capacitance range

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

When products approved to the detail specification have different ranges, the following
statement should be added: "The range of capacitance values available in each voltage range
is given in the register of approvals, available for example on the IECQ on-line certificate system
website www.iecq.org".

7.4.8 Particular characteristics

Addjitional characteristics may be listed, when they are considered necessary ‘to sp4gcify
adefuately the component for design and application purposes.

7.44 Soldering

The| detail specification shall-preseribe specify the test methods, severities and requirements
applicable for the 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 |Quality assessment procedures

8.1| Primary stage of manufacture

The|primary stage of manufacture is the-first common firing of the dielectric-electrode assenibly.

8.2 | Structurally similar components

Capacitors considered as _keing structurally similar are capacitors produced with similar
prog¢esses and materials, though they may be of different case sizes and values.

8.3 | Certified recards of released lots

The| information \required in IEC 60384-1:20462021, Q.1.5, shall be made available when
pregeribed spgcified in the detail specification and when requested by a purchaser. After| the
endprance. test, the parameters for which variables information is required are the capacitgnce
chapge,tan*6 and the insulation resistance.

8.4 L Qualification-approval
8.4.1 General

The procedures for qualification approval testing are given in IEC 60384-1:20162021, 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 D. The procedure using a fixed sample size schedule is given in 8.4.2
and 8.4.3.
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8.4.2 Qualification approval on the basis of the fixed sample size procedures

The fixed sample size procedure is described in IEC 60384-1:20162021, Q.2.4. The sample
shall be representative of the range of capacitors for which approval is sought. This range may
ormay-net be different from the complete range covered by the detail specification.

For each temperature characteristic, the sample shall consist of specimens of capacitors of
maximum and minimum size and for each of these sizes, the maximum capacitance value for
the highest rated voltage and minimum rated voltage of the voltage ranges for which approval
is sought. When there are more than four rated voltages, an intermediate voltage shall also be
tested. Thus, for the approval of a range, testing is required of either four or six values
(ca;}acitance/voltage combinations) for each temperature characteristic. Where the total rjnge

congists of fewer than four values, the number of specimens to be tested shall be that.required
for four values.
In chse assessment level EZ is used, spare specimens are permitted as follows:

Twqg (for six values) or three (for four values) per value may be used'as” replacementq for
spetimens that are non-conforming because of incidents not attributable<to the manufacturer.

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

Whe¢n additional groups are introduced into the qualificationapproval test schedule, the nunpber
of specimens required for Group 0 shall be increased by the same number as that requireq for
the pdditional groups.

TabJe 20 gives the number of samples to be tested in each group or subgroup together with the
number of permissible non-conformances forithe qualification approval test.

8.43 Tests

The| complete series of tests specified in Table 20 and Table 21 are required for the apprpval
of cppacitors 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 ofher
grodips.

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

"Ong nan-conforming item" is counted when a capacitor has not satisfied the whole or a pafrt of
the tests of a group.

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

Table 20 and Table 21 together form the fixed sample size test schedule. Table 20 includes the
details for the sampling and permissible non-conforming items for the different tests or groups
of tests. Table 21 together with the details of the 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 shall 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-preseribed specified in the detail specification for quality conformance
inspection.
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Table 20 — Fixed sample size test plan for qualification approval

Assessment level EZ

Group Test S.ubclause of Numper of Permissible
No. this document specimens number of
nonconforming
items
n® c
0 Visual examination 5.5
Dimensions 5.5 132 + 24 0
Capacitance 561
Tangent of loss angle 5.6.2
Insulation resistance 5.6.3
Voltage proof 5.6.4
Spare specimens 12
1A Robustness of termination? 5.16 12 0
Resistance to soldering heat 5.10
Component solvent resistance® 5.17
1B Impedance® 5.6.5 12 0
Equivalent series resistance [ESR]? 5.6.6
Solderability 5.1
Solvent resistance of marking® 548
P Substrate bending testd 5.9 12 0
a Mounting 5.4
Visual examination 5.5 84 + 24 0°
Capacitance 5.6.1
Tangent of loss angle 5.6.2
Insulation resistance 5.6.3
Voltage proof 5.6.4
31 Shear test " 5.8 24 0
Rapid change of temperature 5.12
Climatic sequence 5.13
3.2 Damp heat, steady state 5.14 24 0
3.3 Enddrance 5.15 36 0
3.4 Accelerated damp heat, steady state ° 5.19 24 0
a Temperature characteristic of capacitance 5.7 12 0
a

TaQa - o

The vatues of these MeasSuTements Serve as mitarmeasurements for the testsof- Group 3.
If required in the detail specification.

The capacitors found non-conforming items after mounting shall not be taken into account when calculating

the permissible non-conforming for the following tests. They shall be replaced by spare capacitors.

Not applicable to capacitors, which, in accordance with their detail specification, shall only be mounted on

alumina substrates.

Capacitance/voltage combinations, see 8.4.2.
Additional capacitors, if Group 3.4 is tested.
Applicable to capacitors with strip terminations.
Not applicable to capacitors with strip terminations.
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Table 21 — Test schedule for qualification approval

Subclause number and b Conditions of test Number of Performance
test or specimens requirements
{see NOTE-1) (#)-and
{see NOTE- 1) ND numberof {see NOTE- 1)
conforming
items (¢)
GROUP O ND See-Table 4
spes__edl tede%
55| —oimension detiy Soe e g >
8611 Capacitance Freguenecy:——Hz ithi ﬁind tolerathce
Measuring-voltage—\RMS =
the-method (b
the-method ) Q/ Hashover
GRPUP-1A b W
N . i@% ! .
a1 Resi . E% S
C}\(JReee¥e#y+€24+2%—h
Method-2
wm D See-Table4
i -
S - : ) ification f
e
fiFroquired) Method 1
Rubbing-material-cotton-wool
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Subclause number-and b Conditions of test Number of Performance
test j i
:-; Socelmens socpirernenis
{see NOTE- 1) number—ef{ ) (see- NOTE-1)
non-
s«_;n@e#ming
items (¢}
GROUP-2 D See Table 4
vi L . @
GRPUP 3 D See Table4 q/b‘
&-41—Mounting Substrate-materiak—" %Q
Visual-examination <5
Veltage proof @7 | Nobreakdown-or
/C) flashover
GRPUP-31 D
81b  Raoi ¢ e . e g .
T-A;kewer—eale@%n
tempe#atu#e\(\
Ig;upp@ew
. = 30.mi
. (ﬁeeeve;y_ez%
N\
@ . Coeelonen AC/C:asin 8.12.6
81 Cli . @ s . I .
O 8.2
e FH Y Comoelones
% temperature
temperature
vi L | .
Db. 7
cycles
X .
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Subclause number-and b Conditionsof test Number-of Performance
test or specimens requirements
ND (see-NOTEH) {)and
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Test? Conditions of test? DorND®| n c Performance
H a
(see Table 20) requirements
GROUP 0 ND See Table 20
5.5 Visual examination As in 5.5.3
Legible marking
and as specified in
the detail
specification
5.5 Dimension (detail) See the detail
specification
5.6.] Capacitance Frequency: ... Hz Within speci@
) tolerance
Measuring voltage: V RMS
5.6.f  Tangent of loss angle |Frequency and Measuring As |n g{
(tan ) voltage same as in 5.6.1
5.6.p Insulation resistance |See the detail specification for ‘(A}Qn 5.6.3.4
the method (l
5.6.4 Voltage proof See detail specification for the b;]/ No breakdown of
method flashover
—
GRQUP 1A D S@)‘lee 20
5.16 Robustness of Test Ua1, Force:2,5 N ( (b
rermination Test Ub, Method 1 Q/')
if applicable ' '
(if app ) Force:2,5N $\\
Number of bends:1 , @)
Visual examination €;< No visible damape
5.10.3 Initial measurement |Capacitance Q
5.1( Resistance to Special preconditioning 5.2
soldering heat ) o O
See the detail speq{@hon for
the method R
Recovery: 24@ h
5.10.6  Final inspection, Visual examﬁlatlon As in 5.10.6
measurement and %O .
requirements Capa\cﬁéﬁce As in 5.10.6
5.17 Component solvent SIweht: .. See the detail
resistance specification
(if required) | Ivent temperature:
<)® Method 2
(') Recovery: ...
GRQUP 1B @ D See Table 20
5.6.p Imp Frequency: 100 kHz See the detail
specification
5.6.3 § (if required) Frequency: 100 kHz See the detail
specification
5.1 bolderablllty Stethe detattspecification for
the method
5.11.4  Final inspection, Visual examination Asin5.11.4
measurement and
requirements
5.18 Solvent resistance of |Solvent: ... Legible marking
t.r}e malfkir:jg ¢ Solvent temperature: ...
(if required) Method 1
Rubbing material: cotton wool
Recovery: ...
GROUP 2 D See Table 20
5.9 Substrate bending Deflection: ... See the detail

test

Number of bends: ...

specification
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Test? Conditions of test? Dor ND°| =n ‘ c Performance
(see Table 20) requirements?
5.9.2 Initial measurement | Capacitance
5.9.3 Final inspection Capacitance (with printed board lacic| <10 %
in bent position)
Visual examination No visible damage
GROUP 3 D See Table 20
5.4 Mounting Substrate material: ...4
\Misual gvamination As in 5 5 2
Capacitance Within speci
tolerancq
Tangent of loss angle As in&G. .3
Insulation resistance i5.6.3.4
Voltage proof (l‘% breakdown of
(']/ (flashover
GROUP 3.1 D | See Table 20
5.8 Shear test Visual examination Q(b No visible damape
5.13.3 Initial measurement |Capacitance (. (b
5.12 Rapid change of Special preconditioning as in 5.2 @')
temperature g\\
T, = Lower category
v
temperature ‘\(
Ty = Upper category Q€>
temperature 0\\
Five cycles \
g
Duration ¢, = 30 mif)
Recovery: (2@ )h
5.14.6  Final inspection, Visual ex ﬁation No visible damape
measurement and \ )
requirements Capaqt_a ce ACIC: as in 5.12|6
5.13 Climatic sequence eeial preconditioning as in 5.2
5.14.3 Initial Measureme&’ .Capacitance
5.13.4 Dry heat O Temperature: upper category
() temperature
@. Duration: 16 h
5145 Damp @a cyclic,
tes; irst cycle
5.13.6 @ Temperature: lower category
Q/ temperature
\ Boratiom—2-+
Visual examination No visible damage
5.13.7 Damp heat, cyclic, Recovery: (24 + 2) h
test Db, remaining
cycles
5.13.8 Final inspection, Visual examination No visible damage
measurement and . .
requirements Legible marking
Capacitance ACIC: as in 5.13.8
Tangent of loss angle As in 5.13.8
Insulation resistance As in 5.13.8
GROUP 3.2 D See Table 20
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Test? Conditions of test? Dor ND°| =n c Performance
H a
(see Table 20) requirements

5.14 Damp heat, steady Special preconditioning as in 5.2
state

5.14.3 Initial measurement Capacitance

Recovery: (24 + 2) h

5.14.6 Final inspection, Visual examination No visible damage
measurement and ) )
requirements Legible marking

Capacitance AC/C: as in 5.14.6
Tangent of loss angle As in 5.14&
Insulation resistance As in 5.@
GROUP 3.3 D See Table 20 q/b‘
5.15 Endurance Special preconditioning as in 5.2 (19
Duration: ... h (1(;1:,*
Temperature: ...°C 7
Voltage: ...V 032)
5.19.3 Initial measurement Capacitance Q_)Q
Recovery: (24 + 2) h é)

5.19.6 Final inspection, Visual examination s\\ No visible damape
measurement and , @) ) )
requirements 4\( Legible marking

Capacitance €> ACIC: as in 5.15|6
Tangent of loss angle 0\\ As in 5.15.6
Insulation resistance o As in 5.15.6

N4

GRQUP 3.4 X D | See Table 20

5.19 Accelerated damp Duration: ... h $
heat, steady state (if rs\}g i
required) Temperatu 85+2)°C

Humidit§985 +3) % RH
5.19.2 Initial measurement IWlon resistance As in 5.19.2
5.19.5 Final measurements | covery: (24 £2) h As in 5.19.5
@ ‘Insulation resistance

GROUP 4 C}) ND | See Table 20

5.7 Tempera@p Special preconditioning as in 5.2 ACIC: as in 5.7.3
characteristic of
capgcitance

N
@  Bubc numbers of test and performance requirements refer to Clause 5.
b n\Qytable: D = destructive, ND= non-destructive.

d

which substrate material is used in each subgroup.

This test may be carried out on capacitors mounted on a substrate.

When different substrate materials are used for the individual subgroup, the detail specification shall indicate



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 CMV © IEC 2024 - 43 -

Annex A
(normative)

Guidance for the specification and coding of dimensions of fixed surface
mount multilayer capacitors of ceramic dielectric, Class 2

The principles given in Figure A.1-should shall be considered in the dimensioning of the
capacitors.

4

. . .
Dimerrsions—are—spetifiedm Tabte ATt

Metallized surface

. Metallized surface
Metallized surface | =

%

i i
T
y
IEC
Dimgnsion W should not exceed dimension L,.
Dimgnsion H should not exceed dimension W.
If negessary, the thickness of tinning should,be specified.
Figure A.1 — Dimensions
Table A.1 — Dimensions
Code Ltength Width Ly Ly L,
L, w Minimum Minimum
0R01M 0,25 + 0,013 0,125 + 0,013 0,04 0,06
04 02M 0,4 +0,02 0,2 +0,02 0,05 0,1
0leQ3M 0,6 + 0,03 0,3+0,03 0,1 0,2
1005M 1,0 £ 0,05 0,5+ 0,05 0,1 0,3
1608M 1,6 £ 0,1 0,8+0,1 0,2 0,5
2012M 2,0+0,1 1,25+ 0,1 0,2 0,7
3216M 3,2+0,2 1,6 £ 0,15 0,3 1,4
3225M 3,2+0,2 25+0,2 0,3 1,4
4532M 4,5+0,3 3,2+0,2 0,3 2,0
5750M 57+0,4 50+£0,4 0,3 2,5
NOTE Dimension in millimetres.

Other case sizes and dimensions may be specified in the detail specification.
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Annex B
(rformativenormative)

Capacitance ageing of fixed capacitors of ceramic dielectric, Class 2

B.1

General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties and exhibit a
Curie temperature.

Abo
belg
this
tem

Under the influence of thermal vibration, the ions in the crystal lattice‘¢ontinue to mov

pos
Cur
cap

How
age
recq

B.2

Dur
well
Soc

The|
procq
incr

As {
2 %
exp

ve this temperature, the dielectric has the highly symmetric cubic crystal structure.whe
w the Curie temperature the crystal structure is less symmetrical. Although in single crys
phase transition is very sharp, in practical ceramics, it is often spread.over a f

tions of lower potential energy for a long time after the dielectric hds cooled through
e temperature. This gives rise to the phenomenon of capacitance ageing, whereby
hcitor continually decreases its capacitance.

ever, if the capacitor is heated to a temperature above/the Curie temperature, then
ng takes place, i.e. the capacitance lost throughx ageing is regained, and ag
mmences from the time when the capacitor recools.

Law of capacitance ageing

ng the first hour after cooling through theurie temperature, the loss of capacitance is
defined, but after this time, it follows ‘a logarithmic law (see K.W. Plessner, Proc. P
, vol. 69B, P1261, 1956) which can;be expressed in terms of an ageing constant.

ageing constant k is defined\as the percentage loss of capacitance due to the ag
ess of the dielectric whichveccurs during a "decade", i.e. a time in which the capa
bases its age tenfold for-example from 1 h to 10 h.

he law of decrease.of-capacitance is logarithmic, the percentage loss of capacitance wi
ik between 1 h_and 100 h age and 3 x k£ between 1 h and 1 000 h. This—may can
ressed mathematically by the following equation:

k
C=Cy | 1—-——xlgt
t 1[ 100X9j (

eas
tals
nite

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

B to
the
the

de-
bing

not
nys.

bing
Citor

| be
be

B.1)

where

C; is the capacitance ¢ h after the start of the ageing process;

C, is the capacitance 1 h after the start of the ageing process;

k is the ageing constant in percent per decade (as defined above);

t 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 equation:

100x(C,, - C
k= ( 1 l‘z) (B.2)
Ct1 ><|gl2 _Ct2 Xlgl1

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 ¢.

It is|also possible to plot log C against Ig ¢.

During measurements of ageing, the capacitor should be maintained at a constant.temperature
so that capacitance variations due to the temperature characteristic do not mask those dule to
age|ng.

B.3| Capacitance measurements and capacitance tolerance

Bechuse of ageing, it is necessary to specify a reference age at which the capacitance shall be
withiin the-preseribed specified tolerance. This is fixed at 1 Q@0 h, since for practical purpgses
there is not much further loss of capacitance after this time.

In ofder to calculate the capacitance C 5qq after 1,000 h, the ageing constant shall be knpwn
or determined as in Clause B.2, when the following formula may be used:

k
Cro00 2, G [1—m(3—|gt)} (B.3)

For|factory measurements, thesloss of capacitance from the age at time of measurement to
1 000 h age will be known and can be off-set by using asymmetric inspection tolerances.

For|example, if it is knewn that the capacitance loss will be 5 %, then the capacitors may be
inspected to limits ©f;+25/-15 % instead of 20 %.

Capacitance _Gs~normally declared at 20 °C, and it may be necessary to measure at [this
temperature.or correct the results to this temperature. Errors can also arise from heat from| the
hanfds, and capacitors should therefore always be handled with tweezers.

B.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 (for example 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 the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.
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If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring it
into a state where its capacitance is not so dependent on its previous history, and the same
effect will be achieved, though completely de-aged. In order to de-age such capacitors
completely, temperature up to 160 °C-may can be required;—and-thistemperature—could-be
deleterious-to-the-encapsulation. Therefore, in the few cases where complete de-ageing of such
capacitors-may can be required, the detail specification shall be consulted for details and any
necessary precautions.
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Annex C
(informativenormative) |3

Temperature characteristics of capacitance

Fordthe e crapmee tore o et of 25 °C



With this change of Annex C from “informative” into “normative” capacitors specified in accordance to EIA-198-1 are formally included in this standard.
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For the temperature characteristics of capacitance for the reference temperature 25 °C (the
related EIA-198-1-F), the lower and upper category temperatures shall be chosen from

Table C.1.

Table C.2 denotes with a cross the preferred values of the temperature characteristic with and
without DC voltage applied. The method of coding the subclass is also given according to
Table C.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

Table C.1 — Temperature characteristics of capacitance 4

4 PR £.4 4 o 4 HP £ it I H Tol
CAAQULU CUTTUTUUTTO UT ITTTITPTTAtuT T LiTdrdulTlioliVo U vapauitarivc arc olfftuwinr i 1aulc

2
J)|

W

Q@

N

Category Temperature characteristic capacitance

Maximum capacitance ¢
category temperature ran
the capacitance at 25 °Gym

Lower category

Upper category

without a DC ‘(T/ ge applied

7
oP

h Vv‘vithin the
ith respect|to
sured with apd

temperature temperature
Alpha Low Numeric High Sub-class thout DC | With DC volt3age
qymbol temperature symbol temperature letter cod() voltage applied 2
Q/ applied
C (\i\ (if required
+10 2 +45 << A +1,0
-30 4 +65 O\) B +15
Y
-55 5 +85 \\\ C +.2,2
N
6 +&} D +3,3
7 \\\Sﬁ 25 E £4,7
8 . S\ +150 F +7,5
— .
9 =N +200 P + 10 Requirements
0 specified in the
\13:\. +175P R +15 detail
~O° specification
C N\ S +22
L V T + 22/- 33
RN u + 22/- 56
O~ v +22/- 82
‘ Cc + -
<<L L 15/- 40
\() Qc +15/- 70

2 IDC \ol

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

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

¢ Maximum capacitance change "L" +15/-40, "Q" +15/-70 are not defined in EIA-198-1-F. |5



The extended Table C.1 now provides precise specification of the coding system of temperature characteristics.

Further on it clarifies, that the maximum capacitance change with DC voltage applied shall be specified in the detail specification. This is an important advice to users of the capacitors to check the supplier specifications, because the capacitance deviation with DC voltage applied can be different from product to product.

The upper category temperature +175 °C with the numeric symbol “3” is newly added, because this is an important operating temperature in high temperature and power electronics. This change made is also necessary to introduce and define the new code letters “Q” and “L” to cover those applications.
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Table C.2 — Preferred values of the temperature characteristic of capacitance
with and without a DC voltage applied

Maximum capacitance change within the Category temperature range and
Sub-class | category temperature range with respect to corresponding number code
letter code the capacitance at 20 °C measured with
and without a DC voltage applied -55/+85 | -55/+105 | -55/+125 | -55/+150
% °C °C °C °C
. with DC voltage applied
ithout BE X5 X6 X7 X8
voltage applie (if required) 2
R +15 X X X X
NS
S 22 Requirements specified X X @X
T +22/-33 in the detail specification X X N\_) X
V\
u +22/-56 X (‘Q/ X
NO[TE "x" indicates preferred.

Ny
(l/.

2 |DC voltage applied is either rated voltage or the voltage specified in the detail spe&i" tion.

Table C.3 — Measuring conditions of temperat

QP

e‘eharacteristic

of capacitance for the reference tempq/ re 25 °C
[ 4

Method Measuring step Temperature Q O\ DC voltage applied
°C
1 25+ 2 QQ
+ _
+ \§‘
2 Tyt Q\Q _
<
3 25+ 2 ,{S\ -
4 Ty £ 2 _
A B Q,'$
5 TBA\Z X
5
6 5+2 x
s
7 N\ T, £ X
a A
B 1234 " See above -
Megsurements may be @ at such intermediate temperatures as to ensure that the requirements of 4.2.5 |are
mef. Q
NOffE1 "-" in@s: no DC voltage applied
"@cates: rated voltage
NO

I'EQ/ eference capacitance is the capacitance measured at Step 3.

T

Ty = Upper category temperature.

} " " "
A T powertategory termperature:
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Annex D
(normative)

Quality conformance inspection

Formation of inspection lots

1 Groups A and B inspection

Thepe tests shall be carried out on a lot-by-Tot basis.

A n[anufacturer may aggregate the current production into inspection lots subject to

follg

a)
b)

c)

D.1

The|

wing safeguards:

[he inspection lot shall consist of structurally similar capacitors (see 8.2)¢

he sample tested shall be representative of the values and the diménsions containg
he inspection lot:

- in relation to their number;

- with a minimum of five of any one value.

f there are fewer than five of any one value in the sample the basis for the drawin
Eamples shall be agreed between the manufacturer and the certification body (CB).

2 Group C inspection

se tests shall be carried out on a periodic basis.

the

Sanpples shall be representative of the current/production of the specified periods and shall be

divi
peri
and

D.2

The|

D.3

Whgn, in-accordance with the procedures of IEC 60384-1:20162021, Q.1.7, re-inspection {

be
insp

jed into small, medium and large sizes: In order to cover the range of approvals in
pd, one voltage shall be tested from.each group of sizes. In subsequent periods, other s
or voltage ratings in production shall be tested with the aim of covering the whole rang

Test schedule

Delayed-delivery

made,) solderability and capacitance shall be checked as specified in Groups A an
ection.

any
zes
e.

schedule for the lot-by-lot and periodic tests for quality conformance inspection is givegn in

Clatise2-of the-blank-tetail-specification Table D.3 and Table D.4.

hall

D.4

Assessment levels

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

| ) EZ

Inspection subgroup La n? ®
0 100 %P
A1 S-4 ° °
A2 S-3 ° 0
B1 S-3 : °
an g2 = o

IL = inspection level
= sample size
c = permissible number of non-conforming items

The inspection shall be performed after removal of nonconforming items by 100 %f testing during |the
manufacturing process. Whether the lot was accepted or not, all samples for samplifng inspection shall| be
inspected in order to monitor outgoing quality level by nonconforming items per millidn) (X 1076).

The sampling level shall be established by the manufacturer,—preferably and shadld be in accordance ith
IEC 61193-2:2007, Annex A.

In the case where one or more nonconforming items occur in a samplej(this lot shall be rejected, buf all
honconforming items shall be counted for the calculation of quality leve| values. Outgoing quality level by
nonconforming items per million (x 107%) values shall be calculatéd by accumulating inspection datj in
accordance with the method given in IEC 61193-2:2007, 6.2.

¢ INumber to be tested: sample size shall be determined in accardance with IEC 61193-2:2007, 4.3.2.

4 IThe content of the inspection subgroup is described in-Clause 2 of the relevant blankdetail-specification Tdble
D.3.

Table D:2.~ Periodic test

EZ
Inspection subgroup® »a n? @
c1 3 12 °

- 3 12 0

C3.1 6 27 °

c3.2 6 15 °

c3.3 3 15 °

C3.4¢ 6 1 °

C4 6 o °

p >speriodicity in months

le =2sample size

¢ = permissible number of non-conforming items

b The content of the inspection subgroup is described in-Clause 2 of the relevant blank details-specification

Table D .4.

¢ If required.

D.5 test schedule for quality conformance inspection |6

For quality conformance inspection, the test schedules given in Table D.3 and Table D.4 include

sampling, periodicity, severities and requirements. The formation of inspection lots is given in
D.1.



Clause D.5 has been added to Annex D to include the test schedule for quality conformance inspection. This previously has been the content of the blank detail specification IEC 60384-22-1, which is intended to be withdrawn. Now this standard contains the complete information for the qualification of the capacitors.
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Table D.3 — Test schedule for quality conformance inspection (lot by lot)

Lot-by-lot tests

Test? Conditions of test® D€ or ND L c® Performance
requirements

Group A0 [100 % tests]

5.6.1 Capacitance Frequency: ... Hz ND 100 %¢ Within specified

) tolerance
Measuring voltage: ... Vr.m.s
5.6.2 Tangent of loss Frequency and measuring As in 5.6.2
angle (tan §) voltage same as in 5.6.1

5.6|3 Insulation See detail specification for the As in 5.6.3,4

resistance method

5.6|4 Voltage proof See detail specification for the No breakdown pr

method flashever

Grdup A1 [Sampling tests]

5.5)2 Visual examination ND S-4¢ 0 As in 5.5.2
Legible marking
and as specifiefl
in the detail
specification

Grdup A2 [Sampling tests]

4.2|6 | Dimensionf NR s-3¢ | 0 | See the detail
specification

Grqdup B1 [Special tests]

5.6|5 Impedance Frequency: 100 KHz D S-3¢ 0 See detail

(if required) specification
5.6|6 ESR (if required) Frequency: 100 KHz See detail
specification

5.1 solderability See detail specification for the

method
5.1[1.4 | Final inspection, Visual exanmnation As in 5.11.4
measurements and
requirements
5.1B Solvent resistance Solvent: ... Legible marking

of the marking
(if required)?®

Solvent temperature: ...
Method 1
Rubbing material: cotton wool

Recovery: ...
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Lot-by-lot tests

Test? Conditions of test® D€ or ND 1L c® Performance

requirement

S

Group B2 [Special tests]

5.7

characteristics of
capacitance?

Temperature ND S-2¢ 0 | AC/C:Asinb5.7.

3

Applicable tests, test conditions, requirements and clause numbers as selected from this document.

The information given in Table D.3 shall provide a suitable overview of the most relevant parameters of e

ach

test, however shall not take precedence over any more detailed specification given in a respective clause of

This speciication or N a clted normative reterence. A
Refer to Table D.1 for lists of symbols and of abbreviated terms. @

After 100 % measurement and removal of nonconforming items, a re-inspection shall be performe(p ordefr to

monitor the outgoing quality level, in accordance with the detail specification. A lot shall be r(t ed if on¢ or

more nonconforming items occur in a sample during re-inspection. Q
Inspection Levels are selected from IEC 61193-2. q/

This test may be replaced by in-production testing if the manufacturer installs Statlstlc )cess Control (S
on dimensional measurements or other mechanisms to avoid parts exceeding the

This test may be carried out on capacitors mounted on a substrate. %

This subgroup may be omitted if a corresponding test is carried out on eac@nufacturmg batch of dieledtric

material.

)C)

\)
x\Q’

Table D.4 — Test schedule for quality conforr@ inspection (Periodic test)

Periodic te@

Performarjce
b c c c
Test? Conditions &f@\st D°orND | p® | n ¢* | requiremehts
Grdup C1 " ‘Qw
5.14 Robustness of Termination Test U@zorce 2,5N 3 12 od
(only for capacitors with
strip terminations) Ub, Method 1, D
9 érce 2,5N
.\\(\}" Number of bends: 1
Q Visual examination No visible
damage
5.10.3 Initial meas<8 ent Capacitance
5.1 Resnsta soldering See detail specification
heat 2 for the method
Recovery: 24 h+£2 h
5.10.6 Cﬁal inspection, Visual examination As in 5.10.4
easurements and . .
requirements Capacitance As in 5.10.4
5.17 Component solvent Solvent: ... See detail
resistance (if required) specification
Solvent temperature: ...
Method 2
Recovery: ...
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Periodic tests

Performance
a N b c c c c
Test Conditions of test D®or ND | p n c requirements
Group C2 "
5.9 Substrate bending test® Deflection: ... D 3 | 12 | od | See detail
specification
Number of bends: ...
5.9.2 Initial measurement Capacitance
5.9.3 Final inspection Capacitance (with ACIC =10 %
printed board n bent
position)
Visual examination No /isible
damage
Grdup C3" D R
5.4 Mountingf Substrate material: ... As in
IEC 60384-,
5.5.1
Visual examination
Capacitance Within
specified
tolerance
Tangent of loss angle As in 5.6.2
Insulation resistance As in 5.6.3.4
Voltage proof No breakdojn
or flashove
NN
Grdup C3.1" \ D
q -
58 Shear test? Visual inspection 6 |27 |0 yo visible
amage
Specia@) preconditioning
as<in'5.2
5.12.3 Initial measurement Capacitance
5.1] Rapid change of T, = Lower category
temperature temperature
Ty = Upper category
temperature: five cycles
Duration 1y = 30 min
Recovery: (24 + 2) h
5.12.6 Rinal inspections, Visual examination No visible
measurements and damage
requirements . .
(‘npnmfnnnn ACIC: As in
5.12.6
5.13 Climatic sequence Special preconditioning
asin 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



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 CMV © IEC 2024 - 55—

Periodic tests

Performance
a N b c c c c
Test Conditions of test D®or ND | p n c requirements
5.13.6 Cold Temperature: lower
category temperature
Duration: 2 h
Visual inspection No visible
damage
5.13.7 Damp heat, cyclic, test Db, Recovery: 24 h+ 2 h
remaining cycles
5.1%.8 Final measurements Visual examination No visible
damage,
Ledible
rmarking
Capacitance KC/C: As in
5.13.8
Tangent of loss angle As in 5.13.§
Insulation resistance As in 5.13.9
7
Grqup C3.2" D Q
5.1¢ Damp heat, steady state Special preconditioning 6 15 | od
asin 5.2
5.14.3 Initial measurement Capacitance
Recovery: 24 h £ 2 h
5.14.6 Final inspections, Visual examination No visible
measurements and damage
requirements )
Legible
marking
Capacitanieg AC/C: As in
5.14.6
Tangent of loss angle As in 5.14.4
lA'sulation resistance As in 5.14 .4
Grdup C3.3" “\(\}‘ D
5.1p Endurance Special preconditioning 3 15 | od
asin 5.2
Duration: ...h
Temperature: ...°C
Voltage: ...V
5.1p.3 Ipitial measurement Capacitance
Recovery: (24 +2) h
5.1p'6 Final inspections, Visual examination No visible
mMeasurements and damage
requirements )
Legible
marking
Capacitance AC/C: As in
5.15.6
Tangent of loss angle As in 5.15.6
Insulation resistance As in 5.15.6
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Periodic tests

Performance

a it b c c c c
Test Conditions of test D®or ND | p n c requirements

Group C3.4" D

5.19 Accelerated damp heat, Duration: ... h 6 15 | od
steady state (if required)

Temperature: (85 +

2)°C
Humidity: (85 + 3) %
5.19.2 Initial measurement Insulation resistance As in 5.19.2
Recovery: (24 % 2) h Q
5.1p.5 Final measurements Insulation resistance Asﬁ@&
A4
h
Grqup C4 ND ‘kb‘
5.7 Temperature characteristic | Special preconditioning 6 9 *Q) C/C: As in
of capacitance asin 5.2 {\’Pll 5.7.3

2 |Applicable tests, test conditions, requirements and clause numbers as selected fromftb:!/document.

The information given in Table D.4 shall provide a suitable overview of the mo evant parameters of epch
test, however shall not take precedence over any more detailed specificatio@)en in a respective claus¢ of
this specification or in a cited normative reference. Q)
¢ |Refer to Table D.2 for lists of symbols and of abbreviated terms. C)

If one non-conforming item is obtained, all the tests of the subgro \s all be repeated on a new sample and
then no further non-conforming items are permitted. Release of pfoduct may continue during repeat testinp.

¢ INot applicable to capacitors, which, in accordance with t tail specification, shall only be mounted| on
alumina substrates. Q

The capacitors found non-conformances after mounti hall not be taken into account when calculating|the
non- conformances for the following tests. They sha replaced by spare capacitors.

9 INot applicable to capacitors with strip terminatg@

All tests of the sub-group shall be repeated i@ne or more nonconforming item is obtained. No nonconform

ng
items are permitted in the repeat testing.‘@ease of products may continue during repeat testing.

"
&
&
OO®
Q-
Q.

O
DN
\(OO
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Annex X
(informative)

Cross-reference for reference to IEC 60384-22:20442019

The drafting of this document has resulted in a new structure. Table X.1 indicates the new
clause and subclause numbers with respect to IEC 60384-22:20412019.

Table X.1 — Reference to IEC 60384-22 for clause/subclause

A 2" dition 3" edition Notes
Sevesloulbelones Clovesltulelones
+ R ! B
1 1 - € g
d-2
= 2 leoesordame e D Dilena o s e 0
14 4 tr-accordance-with-the-change-ofclalisenumbers
15 3 In-accordance with 1SO/IEC Directives Part-2
1.6 =3 In-accordance with-the change of clause numbers
2 6 leteoonme e s s e sl s R e
3 A In accordance with the change of clause numbers
4 8 In-accordance with the change of clause numbers
IEC 60384-22:2019 IEC 60384-22:2024
3nd edition 4th edition Notes
Clause/Subclause Clause/Subclause
1 1 No change
2 2 No change
3 3 No change
4 7 In accordance with the change of clause numbers
5 6 In accordance with the change of clause numbers
6 4 In accordance with the change of clause numbers
71t07.4 8.11t08.4 In accordance with the change of clause numbers
7.5.1to 7.4 D.1toD.4 In accordance with the change of clause numbers
8 5 In accordance with the change of clause numbers
Anpex A Annex A No change

Annex B

Annex B

No r‘hnngp

Annex C Annex C Changed from informative to normative
— D.5 Newly added. Modified from IEC 60384-22-1:2004, Clause 2
Annex X Annex X No change
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Table X.2 indicates the new figure and table numbers with respect to IEC 60384-22:20412019.

Table X.2 — Reference to IEC 60384-22 for figure/table

274 edition 3 edition Notes

IEC 60384-22:2019 IEC 60384-22:2024
3'd edition 4th edition Notes
Figure/Table Figure/Table
[able 1 to Table 3 Table 1 to Table 3 No change
Tpble 4 and Table 5 Table 20 to Table 21 In accordance with the dhiange of table numbers
Tpble 6 and Table 7 Table D.1 to Table D.2 In accordance with theyehange of table numbers
- Table D.3 and Table D.4 Newly added. Modifjed from IEC 60384-22-1:2004,
Table 4
Tlable 8 to Table 23 Table 4 to Table 19 In accordancg, with the change of table numbers
Table A.1 Table A.1 No change
Table C.1 Table C.1 Nochange
— Table C.2 Newly added
Table C.2 Table C.3 Ih accordance with the change of table numbers
Taljle X.1 and Table X.2 Table X.1 and Table X3\2 No change

Forlthe figure numbers, there was no change.
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List of comments

This modification in scope clarifies, that deviations to the requirements set forth in
standard are allowed, but only if they are more severe. For example, capacitors which
specified to withstand a substrate bending test with 5 mm bending depth comply to
standard, which requires 1 mm to 3 mm bending depth as test severity.

this
are
this

This is the most important change in the new edition. The addition of the reference
temperature 25 °C became necessary to include the temperature characteristics specified
in EIA-198-1, which are very common in the market. With this extension, the requirements

10 thOSE capacitors are now precisely given in this standard and included in Clause 5.
Annex C for details.

With this change of Annex C from “informative” into “normative” capacitors, specifie
accordance to EIA-198-1 are formally included in this standard.

>ee

d in

The extended Table C.1 now provides precise specification of the-coding system of

temperature characteristics.

Further on it clarifies, that the maximum capacitance change with-DC voltage applied s

be specified in the detail specification. This is an important adyice-to users of the capac:l(ors

to check the supplier specifications, because the capacitance deviation with DC vol
applied can be different from product to product.

hall

age

The upper category temperature +175 °C with the piameric symbol “3” is newly added,

because this is an important operating temperature in high temperature and pg
electronics. This change made is also necessdry) to introduce and define the new g
letters “Q” and “L” to cover those applications.

Clause D.5 has been added to Annex D to.include the test schedule for quality conformg
inspection. This previously has been.the content of the blank detail specification
60384-22-1, which is intended to be withdrawn. Now this standard contains the comp
information for the qualification of the capacitors.

wer
ode

nce
IEC
lete
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —

024

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization-Compr
[l national electrotechnical committees (IEC National Committees). The object of IEC is to promofe internat]
p-operation on all questions concerning standardization in the electrical and electronic fields.{To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG \Publication(s)").
reparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt
ay participate in this preparatory work. International, governmental and non-governmental organizations lia|
ith the IEC also participate in this preparation. IEC collaborates closely with thé-dnternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement-between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat
bonsensus of opinion on the relevant subjects since each technical, dommittee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made“to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC Natignal' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their natienal and regional publications. Any divergence bet

EC itself does not provide any attestation of eonformity. Independent certification bodies provide confo
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

Il users should ensure that they have the-latest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts
embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to theNormative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

FC draws attention™to the possibility that the implementation of this document may involve the use g
atent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent righ
bspect thereof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay be required to implement this document. However, implementers are cautioned that this may not repre
e lateSt information, which may be obtained from the patent database available at https://patents.iec.ch
all-not’be held responsible for identifying any or all such patent rights.
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electronic equipment. It is an International Standard.

s for

This fourth edition cancels and replaces the third edition published in 2019. This edition

con

stitutes 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 the ISO/IEC Directives,
Part 2 and to make it more useable; tables, figures and references have been revised
accordingly; Annex X contains all cross-references of changes in clause/subclause

numbers;


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC

60384-22:2024 © IEC 2024 -7-

b) the requirements of reference temperature 25 °C has been added in Table 5, Table 9,
Table 10, Table 12, Table 14 and Table 17;

c) the table of temperature characteristics of capacitance for the reference temperature 25 °C

have been added in Table C.1, Table C.2 and Table C.3;

d) the requirement in 5.5.2 (visual examination) has been repeated in 5.9.3, 5.10.6, 5.11.4,
5.12.6, 5.13.8, 5.14.6 and 5.15.6;

e) the deflection D in the very robust designs has been added in 5.9.1;

f) Annex C has been changed informative into normative;

g) Clause D.5 (Test schedule for quality conformance inspection) has been newly added to
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vithdraw the blank detail specification: IEC 60384-22-1.

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

Draft Report on voting

40/3120/FDIS 40/3139/RVD

Above table.

language used for the development of this International Standard is English.

brdance with ISO/IEC Directives, Part 1 and ISOAEC Directives, IEC Supplement, avail
ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
cribed in greater detail at www.iec.ch/publications.

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

committee has decided that the, contents of this document will remain unchanged until
ility date indicated on the I[EC website under webstore.iec.ch in the data related to
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1

Scope

Thig

capacitors of ceramic dielectric, Class 2, for use in electronic equipment. These capagitars h
metpllized connecting pads or soldering strips and are intended to be mounted on pri

boa

Cap
IEC

The
IEC
met

rds, or directly onto substrates for hybrid circuits.

60384-14.

60384-1:2021 the appropriate quality assessment procedures, tests and meas
hods and to give general performance requirements for this type of capacitor. Test sever

object of this document is to specify preferred ratings and characteristics and to select f]rom
u

part of IEC 60384 is applicable to fixed unencapsulated surface mount muItiIzLyer

ave

nted

acitors for electromagnetic interference suppression are not included‘but are covered by

ring
ties

and|requirements specified in detail specifications referring\te” this document provide specific
test|severities and requirements of an equal or higher performance level. Further informdtion
on the conception of generic, sectional and detail specifications can be found in the Introdudtion
of IEC 60384-1:2021.

2 |Normative references

The|following documents are referred to inithe text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited applies.
For| undated references, the latest' edition of the referenced document (including |any
amgndments) applies.

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

IEC|(60384-1:2024,."Fixed capacitors for use in electronic equipment — Part 1: Generic
spegification

IEC|61193:2:2007, Quality assessment system — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

3 Terms and definitions

For the purposes of this document, the 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

add

resses.

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

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


https://www.electropedia.org/
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surface mount multilayer capacitor
multilayer capacitor whose small dimensions and nature or shape of terminations make it
suitable for surface mounting in hybrid circuits and on printed boards

3.2
cap

acitor of ceramic dielectric, Class 2

capacitor that 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|
temp

3.3

<Cl
with

Note|

3.4

erature range (see Table 3).

suchlass
ss 2> maximum percentage change of capacitance within the category témperature range

respect to the capacitance at the reference temperature 20 °C or 25 °C

1 to entry: The subclass may be expressed in code form (see Table 3 and Annex C).

category temperature range

1 to entry: The ceramic dielectric is characterized by a non-linear change of capacitance over the _catggory

Lisly

ture

tage

ambient temperature range for which the capacitor has been‘designed to operate continuo
Note| 1 to entry: This is given by the lower and upper category temperature (see Table 3 and Annex C).

3.5

rated temperature

Tr

maximum ambient temperature at which therated voltage can be continuously applied

3.6

rated voltage

Ur

maXimum DC voltage that canrbe applied continuously to a capacitor at any tempera
between the lower category temperature and the rated temperature

Note| 1 to entry: The maximum DC voltage is the sum of the DC voltage and peak AC voltage or peak pulse vo
applied to the capacitor.

3.7

category voltage

Uc

maxXimum ,voltage that can be applied continuously to a capacitor at its upper category
temperature

4 Preferred ratings and characteristics

4.1

Preferred characteristics

Preferred climatic categories only shall be given in the preferred characteristics.

The capacitors covered by this document are classified into climatic categories in accordance

with

the general rules given in IEC 60068-1:2013, Annex A.

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


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c
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-55°C, -40 °C, -25 °C, -10 °C and +10 °C;
+70 °C, +85 °C, +100 °C, +125 °C and +150 °C;

ower category temperature:

duration of the damp heat,
steady state test (40 °C, 93 % RH):

4,10, 21 and 56 days.

024

For reference temperature 25 °C, the lower and upper category temperatures shall be chosen
from Table C.1 in Annex C.

The severities of the cold and dry heat tests are the lower and upper category temperatures

resy

ectively

NOT]
statg
mou

4.2
4.2.

The
catg

4.2.

The
valy

The
is th

4.2.

The
tem
volt
volt

The
voly
are

F  The resistance to humidity resulting from the above climatic category is for the capacitors in their unmod

. The climatic performance of the capacitors after mounting is greatly influenced by the mounting substratg,

ting method (see 5.4) and the final coating.
Preferred values of ratings

U Rated temperature (7R)

nted
the

rated temperature is equal to the upper category temperature foreapacitors with the upper

gory temperature not exceeding 125 °C, unless otherwise stated in the detail specificat

7] Rated voltage (Ug)

preferred values of the rated voltage are the valGes of the R5 series of ISO 3. If o
es are needed, they shall be chosen from the R¥0 series.

sum of the DC voltage and the peak AC voltage or the peak-to-peak AC voltage, whichg
e greater, applied to the capacitor shall net exceed the rated voltage.

3 Category voltage (Ug)

ion.

ther

pver

category voltage is equal tocthe rated voltage for capacitors with the upper cate
berature not exceeding 125,°C. Any category voltages which are different from the r
hge, for capacitors with. the' upper category temperature exceeding 125 °C or for h
hge capacitors with ratédvoltages about 500 V, shall be given in the detail specificatio

preferred values~of‘the category voltage at 125 °C upper category temperature for
metric capacitors-with a rated voltage of 16 V and less and a rated temperature of 8
given in Table T-

Table 1 — Preferred values of category voltages

2,5 4 6,3 10 16

ory

ted
igh-
.

high
b °C

4 10

1,6 2,5 6,3

NOTE The numeric values of U, are calculated by the following:

UC = 0,63 XUR

4.2.4 Preferred values of nominal capacitance and associated tolerance values

4.2.41 Preferred values of nominal capacitance

Nominal capacitance values should be taken from the E3, E6 and E12 series given in IEC 60063.


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 © |IEC 2024

- 11 -

voltage applied, should be given in the detail specification.

4.2.4.2 Preferred tolerances on nominal capacitance
See Table 2.
Table 2 — Preferred tolerances
Preferred series Tolerance 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
TabJe 3 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
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 subclass 2C1.The temperature
characteristics, category temperatures and corresponding codes)for the reference temperafure
25 9C are given in Annex C. The temperature range for which‘the temperature characterist|c of
the dielectric is defined is the same as the category temperature range.
Table 3 — Temperature characteristic of capacitance
Maximum capacitance change Category temperature range and corresponding numbgr
within the category temperature code
range with respect to the
capacitance at 20 °C measured | <55/+150 | -55/+125 | -55/+85 | -40/+85 | -25/+85 | +10/4+85
with and without a DC voltage
Sup-class applied
letfer code
% °C °C °C °C °C °(
without DC with DC
voltage applied voltage 0 1 2 3 4 6
applied?
2B +10
2C +20
Requirements
2D +20/-30 specified in the
2E +22/-56 |detail
specification
2F +30/-80
2R +15
Whenthe upper catedgory temperature 1S above 120 U, the ITmItS OT Capacltance Chande, both WIth and Withou DC

NOTE Annex C can be referred to for preferred values of the temperature characteristic for the reference

temperature of 25 °C.

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

4.2.6 Dimensions

Suggested rules for the specification and coding of dimensions are given in Annex A.

Specific dimensions shall be given in the detail specification.
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5 Test and measurement procedures

5.1 General

This Clause 5 supplements the information given in IEC 60384-1:2021, Clause 5 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 test, shall be carried out under the

. Aiti
foll wing-conditions-

Exppsure at upper category temperature or at such higher temperature as may be specifigd in
the |detail specification during 1 h, followed by recovery during (24 + 1) h under-standard
atmpspheric conditions for testing.

NOTE Capacitors lose capacitance continuously with time in accordance with a logarithimic law (this is called
ageing). However, if the capacitor is heated to a temperature above the Curie point of its dielectric, then "de-agging”
takes place, i.e. the capacitance lost through "ageing" is regained, and "ageing" recommences from the time When
the dapacitor recools. The purpose of special preconditioning is to bring the capacitonto a defined state regardless
of it4 previous history (see Clause B.4 for further information).

5.3| Measuring conditions

Seel IEC 60384-1:2021, 5.2.1.

5.4| Mounting
See| IEC 60384-1:2021, 5.5.

5.5| Visual examination and check of dimensions
5.5.1 General

Seel IEC 60384-1:2021, 7.1, with the details of 5.5.2 and 5.5.3.

5.5.R Visual examination

A v|sual examination shall be carried out with suitable equipment with approximately {10 x
magnification and lighting appropriate to the specimen under test and the quality level required.
In cpse the specimen are very small components, the visual examination may be carried| out
withl higher magnification.

The| operator-should have available facilities for incident or transmitted illumination as well as
an gppropriate measuring facility.

5.5.3— Requirements
5.5.3.1 General

Quantitative values for the requirements below may be given in the detail or in the
manufacturer's specification.

5.5.3.2 Requirements for the ceramic
Requirements for the ceramic are as follows:

a) Be free of cracks or fissures, except small damages on the surface, that do not deteriorate
the performance of the capacitor (examples: see Figure 1 and Figure 2).
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P

IEC

Figure 1 — Fault: crack or fissure

"

IEC

NOTE Crack or fissure on one side or extending from one face to another over a corner.

b)

Figure 2 — Fault: crack or fissure

Not exhibit visible separation or delamination between- the layers of the capa
see Figure 3).

Separation or
delamination

Crack

IEC

Figure 3 =\Separation or delamination

Not exhibit exposed electrodes between the two terminations (see Figure 4).

Exposed electrodes

IEC

Figure 4 — Exposed electrodes

citor

d) The ceramic body shall be free of any conducting smears (metallization, tinning, etc.) on a
central zone between two adjacent terminations which is equal to the minimum distance

between those (Annex A, dimension L,).

5.56.3.3 Requirements for the metallization

Requirements for the metallization are as follows:

a) Not exhibit any visible detachment of the metallized terminations and not exhibit any

b)

exposed electrodes (see Figure 4).
The principal faces (see Figure 5) are those noted A, B and C.

In the case of capacitors of square section, the faces D and E are also considered principal.


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c
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The maximum area of gaps in metallization on each principal face shall not be greater than 15 %
of the area of that face; these gaps shall not be concentrated in the same area. The gaps in
metallization shall not affect the two principal edges of each extremity of the block (or four
edges for square section capacitors). Dissolution of the end face plating (leaching) shall not
exceed 25 % of the length of the edge concerned.

Principal edges

IEC
Figure 5 — Principal faces

5.6 | Electrical tests

5.6.1 Capacitance

5.6.1.1 General

Seel IEC 60384-1:2021, 6.3, with the details of 5.6.1.2 and 5.6.1.3.

5.6.1.2 Measuring conditions

See| Table 4, unless otherwise specified in the detail specification.

Table 4 — Measuring conditions

Nominal capacitance Rated voltage Frequency Measuring voltage Referee voltage
Ug V RMS V RMS
CN < 100 pF a 1 MHz 1,0£0,2 1,0 £ 0,02
10p pF < CN < AO0\pF Ug>6,3V 1 kHz 1,0+ 0,2 1,0 £ 0,02
Ugs6,3V 1 kHz 0,5+0,2 0,5+ 0,02
CN\\>/10 pF a 100 Hz or 120 Hz 0,5+0,2 0,5+ 0,02

a Allcratad voltaaes (L)
) SR

5.6.1.3 Requirements

The capacitance value as measured in the unmounted state, shall correspond with the rated
value taking into account the specified tolerance.

The capacitance as measured in the mounted state in accordance with Group 3 is for reference
purposes only in further tests.

For referee measurements, the capacitance value shall be the value extrapolated to an ageing
time of 1000 h, unless otherwise specified in the detail specification (see Annex B for
explanations).
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5.6.2 Tangent of loss angle (tan )
5.6.2.1 General
See IEC 60384-1:2021, 6.4, with the details of 5.6.2.2 and 5.6.2.3.

5.6.2.2 Measuring conditions

The measuring conditions are the same as those of 5.6.1. The inaccuracy of the measuring
equipment shall not exceed 1 x 1073,

5.6.2.3 Requirements

The|tangent of loss angle as measured in the unmounted state shall not exceed the(limit gfven
in Table 5.

Table 5 — Tangent of loss angle limits

Reference temperature Rated voltage Subclass Tangent of loss angle
Ur

Ugz 10V All subclass codes Not _excegd 0,035 or value_a_ls may

be given in the detail specificatipn
20°C 2B, 2C, 2R 0,1
Ug <10V 2D, 2E 0,15
2F 0,2

Ugz 10V All_subclass codes Not _excegd 0,035 or value_a_ls may

be given in the detail specificatipn
R 0,1
25°C S 0,1

Ug <10V

T 0,15
U 0,15

NO[TE See 4.2.5 and Annex C for an €xplanation of the subclass codes.

The|tangent of loss anglte as measured in the mounted state in accordance with Group 3 i for
reference purposes-only in further tests.

5.6.3 Insulation resistance
5.6.3.1 General

Seel IEC'60384-1:2021, 6.1, with the details of 5.6.3.2 to 5.6.3.4.

5.6.3.2 Preparation for test

Prior to the test, capacitors shall be carefully cleaned to remove any contamination.

Care shall be taken to maintain cleanliness in the test chambers and during post-test
measurements. Before the measurement, the capacitors shall be fully discharged. The
insulation resistance shall be measured between the terminations.

5.6.3.3 Measuring conditions

See IEC 60384-1:2021, 6.1.2, with the following details.
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024

The measuring voltage may be of any value not greater than Ug, the referee voltage being Ug,
for a capacitor with a rated voltage below or equal to 1 kV. For Ug > 1 kV the referee voltage
shall be 1 kV.

The insulation resistance (R;) shall be measured after the voltage has been applied for (60 + 5) s.

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

f the

cap

The
abo

5.6.

The

5.6.

5.6.¢4.

See

5.6

The

NOT
foun

The

For

Bea-ci--at £ 4 HZE PP~ HP2E PN £ i -lba-ar P a4tk B-EER-HA-S- P H P
PTOUOCT UT OTC TTITICTT I AT TESTSTATTO G UT UTC vV UTt Ay T S U TT o T armutTeIToTT M aTr Capaotarmo T Ul

hcitor shall not exceed 1 s, unless otherwise specified in the detail specification.

charge current shall not exceed 0,05 A. For capacitors with rated voltagesyof-1 kV
ve, a lower limit (value) may be given in the detail specification.

3.4 Requirements

insulation resistance shall meet the following requirements.

Cy S 25nF R, 2 4 000 MQ

Cy>25nF R, x Cy 24007

|: Voltage proof
1 General

IEC 60384-1:2021, 6.2, with the details-0§5.6.4.2 to 5.6.4.4.

4.2 Test conditions

product of R4 and the nominal(capacitance Cy shall be smaller than or equal to 1 s.

E R, is a charging resistor thatincludes the internal resistance of the voltage source. More information c3
i in IEC 60384-1:2021, 6.2:2.

charge current shall not exceed 0,05 A.

capacitors with rated voltages of 1 kV and above, a lower charge current limit value ma

givegn in the-detail specification. To protect the capacitors against flashover, the test may
performedin-a suitable insulating medium.

5.6.

|4.3 Test voltages

and

n be

y be

The test voltages in accordance with Table 6 shall be applied between the measuring points of
6.1.3 and Table 3 in IEC 60384-1:2021, 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 6 — Test voltages

Rated voltage Test voltage
\Y \
Ug < 100 2,5 Uy
100 < Uy = 200 1,5 Ug + 100
200 < Ug = 500 1,3 Ug + 100
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500 < Ug < 1 000 1,3 Ug

Ug 2 1000 1,2 Ug

5.6.4.4 Requirement

There shall be no breakdown or flashover during the test.

5.6.5 Impedance (if required by the detail specification)

5.6.'5.1 General

See| IEC 60384-1:2021, 6.6, with the details of 5.6.5.2 and 5.6.5.3.

5.6.5.2 Measuring conditions

The|frequency of measurement: 100 kHz, with a relative tolerance of +10¢%!:

5.6.5.3 Requirements

Impedance shall be specified in the detail specification.

5.6.6 Equivalent series resistance [ESR] (if required<by the detail specification)
5.6.6.1 General

See| IEC 60384-1:2021, 6.4.2, with the details 0f 5.6:6.2 and 5.6.6.3.

5.6.6.2 Measuring conditions

The|frequency of measurement: 100 kHz;} 'with a relative tolerance of £10 %.

5.6.6.3 Requirements

Thel ESR shall be specified inthe detail specification.

5.7 Temperature characteristic of capacitance (reference temperature 20 °C)
5.7/ Special preconditioning

Seg| 6.2.

5.7.p Measuring conditions

See| [E€ 60384-1:2021, 6.8.1, with the following details.

The capacitors shall be measured in unmounted stage following the steps and conditions
given in Table 7.

The measuring steps and conditions for a reference temperature 25 °C are given in Annex C.
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Table 7 — Details of measuring conditions

Measuring step Temperature DC voltage applied
°C
1 20+ 2 -
2 Ty +3 -
3 20+ 2 -
4 TgP %2 -
5 Tgt2 x
6 20+ 2 x
7 Ty %3 x
8 20+ 2 8

Meg@surements may be made at such intermediate temperatures as to ensure that the requiréments of 4.2.5|are
mef.

Reference capacitance is the capacitance measured at Step 3.

Begause of the effects described in the Note in 5.2, the capacitance values méasured at temperature refererce,
Steps 5 to 7, with DC voltage applied, are time dependent. This time dependency is included in the given limits
for [capacitance change. The capacitance changes between the first and.the last measurements at temperafure
refgrence, Steps 1 and 8, indicates the amount of ageing involved. In the 'case of a dispute about the resultf of
measurements with DC voltage applied, it is advisable to agree upon@yfixed time interval between measuremgnts
at temperature reference, Steps 5 and 7 with DC voltage applied {see IEC 60384-1:2021, 6.8.1.3).

NOJE "-" indicates: no DC voltage applied
" indicates: DC voltage applied (if specified in the detail specification)

a T, = Lower category temperature.

Ty = Upper category temperature.

5.7.8 Requirements

Temperature characteristic with and without DC voltage applied shall not exceed the values
givgn in Table 3. The-variation of capacitance shall be calculated in accordance with
IEC|[60384-1:2021,-6.8.3.1.

5.8 Shear test
See| IEC 60384-1:2021, 7.7.

A farce’shall be selected from 1 N, 2 N. 5 N or 10 N and specified in the detail specificatio

=

5.9 Substrate bending test
5.9.1 General
See IEC 60384-1:2021, 7.8.

Unless otherwise specified in the detail specification,

— the deflection D shall be selected from 1 mm, 2 mm or 3 mm, higher deflection values may
be given in the detail specification in case of very robust designs.

— the number of bends shall be 1 time,

— the radius of the bending tool shall be 5 mm.
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— When the deflection D is 2 mm or less, the radius may be 230 mm.

— the duration in the bent state shall be 5 s.

For

5.9.

The

5.9.

1005M or smaller size, the thickness of substrate should be 0,8 mm.

2 Initial measurement

capacitance shall be measured as specified in 5.6.1 and in the detail specification.

3 Final inspection

The

The

5.1(
5.1(

See

5.1(

See

5.1(

The

5.1(
5.1(
NOT
See
in tH
The
to 6

Sold
Ten
Dur

capacitors shall be visually examined and there shall be no visible damage. See 5:5.2
change of capacitance with board in bent position shall not exceed 10 %.

Resistance to soldering heat
.1 General

IEC 60068-2-58 with the details of 5.10.2 to 5.10.6.

.2 Special preconditioning

5.2.

.3 Initial measurement

capacitance shall be measured in accordance with 5.6.1.

.4 Test conditions

.41 Solder bath method (applicable to 1608M, 2012M and 3216M)

F  See Table A.1 for explanation ofsthe size code.

IEC 60068-2-58, Test Tdy,’Method 1, with the following details, if not otherwise spec
e detail specification.

specimen shall be)preheated to a temperature of 110 °C to 140 °C and maintained for
D s.

er alloy: Sn-Pb or Sn-Ag-Cu
perature: 260°C+5°C

Ation-ef immersion: 10s+1s

De F2N

fied

BO s

f i roian. 410 noen
O OT i HhiiicTSTOTT. TO TIitt

Number of immersions: 1

5.10.4.2 Infrared and forced gas convection soldering system

See

IEC 60068-2-58, Test Td,, Method 2, with the following details:

a) the solder paste shall be applied to the test substrate;

b) the thickness of solder deposit shall be specified in the detail specification;

c) the terminations of the specimen shall be placed on the solder paste;
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d) solder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 + 10) °C and maintained for 60 s to 120 s in infrared
and forced gas convection soldering system;

the temperature of the reflow system shall be quickly raised until the specimen has reached
(235 = 5) °C and maintained at this temperature for (10 £ 1) s;

e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the reflow temperature profile shall be
selected from Table 8 and Figure 6.

Table 8 — Reflow temperature profiles for Sn-Ag-Cu alloy

Alloy composition T, T, 1 T, 1, T, 13
°C °C s °C s °C s
Ledd-free solder Test |
150 £ 5 180 £ 5 1205 220 60 to 90 250 20to40at7,-5°C
(SnAg-Cu)

A

ﬂ
A
Y

A
\/

IEC

Figure 6 — Reflow temperature profile

f) nhumber of each test: 1, unless otherwise specified in the detail specification.
g) the temperature-profile of d) or e€) shall be specified in the detail specification.

5.10.5 Recovery

The|capagcitors shall recover for 24 h + 2 h.

The flux residues shall be removed with a suitable solvent.

5.10.6 Final inspection, measurements and requirements

After recovery, the capacitors shall be visually examined and measured and shall meet the
following requirements.

Under normal lighting and approximately 10x magnification, there shall be no signs of damage
such as cracks. See 5.5.2.

Dissolution of the end face plating (leaching) shall not exceed 25 % of the length of the edge
concerned. The detail specification may specify further details.
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The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed

the values in Table 9.

Table 9 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B and 2C +10 %
2D and 2R +15 %
Z2E and Z2F +20 %

NOTE See 4.2.5 for an explanation of the subclass codes.

Reference temperature 25 °C

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

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

5.11 Solderability
5.11.1 General
See| IEC 60068-2-58 with the details of 5.11.2>to0 5.11.4.

5.11.2 Test conditions

5.11.2.1 Solder bath method (applicable to 1608M, 2012M and 3216M)

NOTE See Table A.1 for explanation-af-the size code.

See| IEC 60068-2-58, Test Td,, Method 1, with the following details, if not otherwise spec

in the detail specification.

The|specimen shall.be preheated to a temperature of 80 °C to 140 °C and maintained for
to 60 s.

fied

B0 s

Solder alloy: Sn-Pb Sn-Ag-Cu
Temperature: (235+5)°C (245+5)°C
Duratien of immersion: 2+02)s (3+03)s
Depth of immersion: 10 mm 10 mm
Number of immersions: 1 1

5.11.2.2 Infrared and forced gas convection soldering system
See |IEC 60068-2-58, Test Td,, Method 2, with the following details:
a) the solder paste shall be applied to the test substrate;

b) the thickness of solder deposit shall be specified in the detail specification;
c) the terminations of the specimen shall be placed on the solder paste;
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solder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall

be preheated to a temperature of (150 £ 10) °C and maintained for 60 s to 120 s in
infrared and forced gas convection soldering system;

the

the temperature of the reflow system shall be quickly raised until the specimen has reached

(215 = 3) °C and maintained at this temperature for (10 £ 1) s;

e) solder alloy: Sn-Ag-Cu;

f)

5.11.3 Recovery

Thelflux residues shall be removed with a suitable solvent.

5.11.4 Final inspection, measurements and requirements

The
10x%

Both end face and the contact areas shall be covered-with a smooth and bright solder coa
withl no more than a small number of scattered imgerfections such as pinholes or unwette
de-wetted areas. These imperfections shall not be\concentrated in one area.

The

5.12 Rapid change of temperature
5.12.1 General

Thig

See| IEC 60384-1:2021,'8.1, with the details of 5.12.2 to 5.12.6.

The

5.12.2 Special preconditioning

Seel5.2(

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 £ 5) °C to (180 £ 5) °C for 60 s to 120 s in the infrared

ATTd—forcedgas CONVECTHO SOEr Ny SyStemnT,

he temperature of the reflow system shall be quickly raised until the specimen has.read
235 + 3) °C. The time above 225 °C shall be (20 £ 5) s;

he temperature profile of d) or e) shall be specified in the detail specificatiom

capacitors shall be visually examined under normal’ lighting and approximg
magnification. There shall be no signs of damage. See 5.5.2.

detail specification may specify furthersrequirements.

capacitors shall’lbe mounted in accordance with 5.4.

5.12.3 Initial measurement

The

capacitance shall be measured in accordance with 5.6.1.

5.12.4 Number of cycles

The

number of cycles: 5

Duration of exposure at the temperature limits: 30 min.

5.12.5 Recovery

The

capacitors shall recover for 24 h £ 2 h.

hed

tely

ting
d or

test shall be applied only.to‘capacitors for which the category temperature is greater 110 °C.
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5.12.6 Final inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.

The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed
the value in Table 10.

Table 10 — Maximum capacitance change

Reference temperature 20 °C

Subclass Requirements
2B and 2C +10 %
2D and 2R +15 %
2E and 2F +20 %

NOTE See 4.2.5 for an explanation of the subclass codes.

Reference temperature 25 °C

Subclass Requirements
R +107%
S 10 %
T 115 %
u +20 %

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

5.13 Climatic sequence
5.13.1 General
See| IEC 60384-1:2021, 8.2, with the details of 5.13.2 to 5.13.8.

5.13.2 Special preconditioning

See5.2.

5.13.3 Initial measurement

The|capacitance:shall be measured in accordance with 5.6.1.

5.13.4 _Dry heat
See| [EC' 60384-1:2021, 8.2.3.

5.13.5 Damp heat, cyclic, Test Db, first cycle
See IEC 60384-1:2021, 8.2.4.

5.13.6 Cold

See |IEC 60384-1:2021, 8.2.5, with the following details.

The capacitors shall be visually examined. There shall be no visible damage.
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5.13.7 Damp heat, cyclic, Test Db, remaining cycles
5.13.7.1 General
See IEC 60384-1:2021, 8.2.7, with the details of 5.13.7.2 and 5.13.7.3.

5.13.7.2 Test conditions

No voltage applied.

The remaining cycles shall be tested in accordance with Table 11.

Table 11 — Number of damp heat cycles

Category No. of cycles of 24 h
-/—156 5
-/=121 1
-/-110 1
-/—104 0

5.13.7.3 Recovery

The|capacitors shall recover for 24 h + 2 h.

5.13.8 Final inspection, measurements and requirements

The|capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.
The|capacitors shall be measured and shall meet the requirements in Table 12.

If the capacitance value is less (than the minimum value permitted, then after the ofher
megsurements have been made the capacitor shall be preconditioned in accordance with| 5.2
and|then the requirement in Table 12 shall be met.
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Table 12 — Final inspection, measurements and requirements

Requirements (reference temperature 20°C)

Measuring
Measurement conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 5.6.1 ACIC<+10 % ACIC <215 % ACIC <20 % ACIC £+ 30 %
Tangent of loss 56.2 < 2 x value of 5.6.2
angle
nenlatian R,21000MQorR, xCy 225s
0.06.9

esistance (whichever is less of the two values)

NOJTE See 4.2.5 for an explanation of the subclass codes.

Requirements (reference temperature 25°C)

Measuring
Mpasurement conditions Subclasses Subclasses Subclasses Subclasse$
R S T U
Clapacitance 5.6.1 AC/C£+10 % AC/C <210 % AC/C £\ 45 % AC/C £+ 20|%
Tafgent of loss 5.6.2 < 2 x value of 5.6,2
angle
nsulation 5 6.3 R, 21000 MQonrg x C\>25s
esistance o

(whichever is_less of the two values)

NOJTE See Table C.2 for an explanation of the subclass codes.

5.14 Damp heat, steady state
5.14.1 General

See| IEC 60384-1:2021, 8.3, with the details of 5.14.2 to 5.14.6.
The|capacitors shall be mounted in accordance with 5.4.

5.14.2 Special preconditioning

Segl5.2.

5.14.3 Initial measurement

The|capacitance shall be measured in accordance with 5.6.1.

5.14.4, Test conditions

No voltage shall be applied, unless otherwise specified in the detail specification.

The severity of the test should be selected from the test conditions as shown in Table 13 and
be specified in the detail specification.

The duration time should be selected in accordance with 4.1 and shall be specified in the detail
specification.
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Table 13 — 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 application of voltage is specitied, Ug shall be applied to one halt of the lot and no
voltage shall be applied to the other half of the lot.

Within 15 min after removal from the damp heat test, the voltage proof test in agccordance
5.6.4 shall be carried out, but with the rated voltage applied.

with

For|safety reasons, different conditions for the application of voltage to ‘capacitors with rated
voltages of 1 kV or above may be given in the detail specification.

5.14.5 Recovery

The|capacitors shall recover for 24 h + 2 h.

5.14.6 Final inspection, measurements and requirements

The

The

If the capacitance value is less than-the minimum value permitted, then after the o
megsurements have been made, the capacitors shall be preconditioned in accordance with

and

capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.

capacitors shall be measured and shall meet the requirements in Table 14.

then the requirement in Table 44 shall be met.

Table 14 — Finalinspection, measurements and requirements

ther
5.2

Requirements (reference temperature 20°C)
Measuring [
Mpasurement conditions Subclasses Subclasses Subclasses Subclassep
2B and 2C 2D and 2R 2E 2F
Clapacitance 5.6.1 AC/C£+10 % AC/C <215 % AC/C£+£20 % AC/C £+ 30|%
Tafigent of loss 5.6.2 < 2 x value of 5.6.2
angle
. R >21000MQorR xCy225s
nsulation 5-6-3 i i N
resistance (whichever is less of the two values)

NOTE See 4.2.5 for an explanation of the subclass codes.
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Requirements (reference temperature 25°C)
Measuring
Measurement conditions Subclasses Subclasses Subclasses Subclasses
R S T U
Capacitance 5.6.1 AC/C <10 % AC/C<+10 % AC/C<+15% AC/C £ +20 %
Tangent of loss 5.6.2 < 2 x value of 5.6.2
angle
Insulation 5 6.3 R,21000MQorR, x Cy225s
resistance (whichever is less of the two values)
NOJ'E See Table C.2 for an explanation of the subclass codes.

5.1% Endurance
5.15.1 General
See| IEC 60384-1:2021, 8.5, with the details of 5.15.2 to 5.15.6.

The| capacitors shall be mounted in accordance with 5.4.

5.18.2 Special preconditioning

Seg|5.2.

5.18.3 Initial measurement

The|capacitance shall be measured in accordahce with 5.6.1.

5.15.4 Test conditions

If the category voltage is equal to the-rated voltage, the capacitors shall be tested as in Tabl¢ 15.

Table 15 =Endurance test conditions (U = UR)

Ug Ug <200 200 < Ug = 500 Ug > 500
Temperature Upper category temperature
Voltage (DC) 1,5 Ug 1,3 Ug 1,2 Ug
Duration 1000 h 1500 h 2000 h

If the category voltage is not equal to the rated voltage, the capacitors shall be tested ds in
Table‘16.

Table 16 — Endurance test conditions (Ug # UR)

Ug Ug = 200 200 < Ug = 500 Ug > 500
Temperature Tg Ty Tr Ty Tg Ty
Voltage (DC) 1,5 Ug 1,5 Ug 1,3 Ug 1,3 Ug 1,2 Ug 1,2 Ug

Duration 1000 h 1500 h 2000 h
Sample Divided into two parts Divided into two parts Divided into two parts
T = Rated temperature.
Ty = Upper category temperatures > 85 °C, such as 100 °C.
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5.15.5 Recovery

The

capacitors shall recover for 24 h £ 2 h.

5.15.6 Final inspection, measurements and requirements

The

The

capacitors shall be visually examined. There shall be no visible damage. See 5.5.2.

capacitors shall be measured and shall meet the requirements in Table 17.

IEC 60384-22:2024 © |EC 2024
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megsurements have been made the capacitor shall be preconditioned in accordance with

and

then the requirement in Table 17 shall be met.

Table 17 — Final inspection, measurements and requirements of endurance test

her
5.2

Requirements (reference temperature 20 °C)
Measuring X
Mpasurement conditions Subclasses Subclasses Subclasses Subclassef
2B and 2C 2D and 2R 2E 2F
qapacitance 5.6.1 AC/C <210 % AC/C<:215% AS/OIS £ 20 % AC/C £ £ 30(%
Tahgz:gﬁ: loss 5.6.2 < 2 x vaub of 5.6.2
nsulation R,>22000 MQorR, x Cy250s
- 5.6.3
esistance (whichever is less of the two values)
NOJTE See 4.2.5 for an explanation of the subclass codes.
Requirements (reference temperature 25 °C)
Measuring N
Mpasurement conditions Subclasses Subclasses Subclasses Subclasse§
R S T U
Capacitance 5.6.1 AC/C £ 240 % AC/C <210 % AC/C <215 % AC/C £+ 20|%
Tahgz:gﬁ: loss 5.6.2 < 2 x value of 5.6.2
nsulation R,22000MQorR, x Cy250s
. 5.6.3
esistance (whichever is less of the two values)

NOJTE See Table C.2 for.an\explanation of the subclass codes.

5.16 Robustness of terminations (only for capacitors with strip termination)

5.16.1 General

Seel IEC,60384-1:2021, 7.3, with the details of 5.16.2 and 5.16.3.

5.16.2 Test conditions

Unless otherwise specified in the detail specification, the conditions of the tests are as follows:

Test Uay: force: 2,5 N;
Test Ub, Method 1: force: 2,5 N;
number of bends: 1.

5.16.3 Final inspection and requirements

The capacitors shall be visually examined. There shall be no visible damage.
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5.17

Component solvent resistance (if required)

See IEC 60384-1:2021, 9.4.

5.18 Solvent resistance of the marking (if required)

See IEC 60384-1:2021, 9.5.

5.19 Accelerated damp heat, steady state (if required)
5.19.1 _General

Seeg| IEC 60384-1:2021, 8.9, with the details of 5.19.2 to 5.19.5.

The| capacitors shall be mounted in accordance with 5.4 and IEC 60384-1:2021,.8\9.1.

Half

tolefance of £10 % and half in series with resistors of 6,8 kQ, with a relative tolerance of +1(

5.19
The

applied across the capacitor and resistor in series.

the capacitors shall be connected in series with resistors of 100 kQ,” with a relg

.2 Initial measurement

capacitors shall be measured for insulation resistance with a voltage of 1,5V £ 0

tive
%.

The| insulation resistance, including the series resistofy shall meet the requirements givepn in
Table 18.
Table 18 - Initial. requirements
Measurement Measuring Requirements
conditions
Connected to Cy <25 nF: R, 2 4 000 MQ
100 kQ resistors | ¢ > 25 nF: (R, - 100 kQ) x Cy, 2 100 s
Instilation resistance 1,50V
< . >
Connected to Cy <25 nF: R; 24 000 MQ
6.8 kQresistors | ¢ > 25 nF: (R, - 6,8 kQ) x C 2100 s
5.19.3 Conditioning
The| capacitors_with associated resistors shall be subjected to conditioning at (85 + 2) °C,
(85 | 3) %_relative humidity for the test duration given in Table 19. The voltage givep in
Table 19.shall be applied to the capacitors connected to 100 kQ resistors and those conne¢ted
to 6,8 kQ/resistors. In both cases, the voltage shall be applied across the capacitor/resistor

com

bination.

Care shall be taken to avoid condensation of water on the capacitors or substrates. This can
happen if the door is opened during the test before the humidity is lowered.

Table 19 — Conditioning

6,8 (50 £ 0,1) V or Ug, whichever is the lower, or the voltage specification
specified in the detail specification

Connected resistors Applied voltage Duration
kQ
100 (1,5 £ 0,1) V or the voltage specified in the detail
specification 168 h, 500 h or 1 000 h;

as specified in the detail
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5.19.4 Recovery

024

The applied voltage shall be disconnected, and the capacitors and resistors shall be removed
from the test chamber and allowed to recover for 24 + 2 h in standard atmospheric conditions

for t

esting.

5.19.5 Final measurements

The

The

capacitors shall be measured for insulation resistance, as in 5.19.2.

insulation resistance inr‘lllding the series resistor _shall he highpr than 0 1 times the va

give

6.1

See

6.2

The
imp

6.3

The
sha
use

6.4

nin 5.19.2.

Marking

General

IEC 60384-1:2021, 4.3, with the details of 6.2 to 6.6.

Information for marking

information given in the marking is normally selected from/the following list; the rels
prtance of each item is indicated by its position in the list:
nominal capacitance;

ated voltage (DC voltage may be indicated by thevsymbol: Z__ [IEC 60417-5031(2002-
r —);

olerance on nominal capacitance;

lielectric subclass as applicable (in aceordance with 4.2.5 or Annex C);
ear and month (or week) of manufacture;

manufacturer's name or trade mark;

Climatic category;

manufacturer's type designation;

eference to the detail specification.
Marking on the'body

se capacitors\are generally not marked on the body. If some marking can be applied,

ues

tive

hey

| be cleafly"marked with as many as possible of the items stated in 6.2 as is consid¢red

ul. Any.duplication of information in the marking on the capacitor should be avoided.

Requirements for marking

Any

6.5

marking shall be legible and not easily smeared or removed by rubbing with fingers.

Marking of the packaging

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

6.6

Any

Additional marking

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


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC

7

7.1

The

60384-22:2024 © IEC 2024 -31-

Information to be given in a detail specification

General

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

Detail specifications shall not specify requirements inferior to those of the generic, sectional or
blank detail specification. When more severe requirements are included, they shall be indicated
in the test schedules, for example by an asterisk.

The

The
sho

7.2

The
of th

Dim
be d
the
be 4

Nor
nec
cov
plad

Information given in /.2 may be presented In tabular torm It more convenient.

information in 7.2 to 7.5 shall be given in each detail specification and the valdes' qu
Lld be selected from those given in the appropriate clause of this document.

Outline drawing and dimensions

e shall be an illustration of the capacitors as an aid to easy recognition”and for compar
e capacitors with others.

ensions and their associated tolerances, which affect interchangeability and mounting, s

bted

son

hall

iven in the detail specification. All dimensions shall be stated’in millimetres, however, when

priginal dimensions are given in inches, the converted metric dimensions in millimetres s
dded.

hall

mally the numerical values shall be given for thedehgth, width and height of the body. When

pssary, for example when a number of item$.(sizes and capacitance/voltage ranges)
bred by a detail specification, the dimensions and their associated tolerances shal
ed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state s

dim

7.3

The
for
doc

7.4
7.4.
The

bnsional information as will adequately describe the capacitors.

Mounting
detail specification shalgive guidance on methods of mounting for normal use. Moun

est and measurement purposes (when required) shall be in accordance with 5.4 of
Liment.

Rating and‘characteristics
U General

ratings and characteristics shall be in accordance with the relevant clauses of

doc

are
be

uch

ting
this

this

iment, together with 742, 74 3 and 7.4.4

7.4.2 Nominal capacitance range

The

nominal capacitance range shall be specified as described in 4.2.4.1.

When products approved to the detail specification have different ranges, the following
statement should be added: "The range of capacitance values available in each voltage range
is given in the register of approvals, available for example on the IECQ on-line certificate system
website www.iecq.org".
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7.4.3 Particular characteristics

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

7.4.4 Soldering

The detail specification shall specify the test methods, severities and requirements applicable
for the 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 |Quality assessment procedures

8.1 Primary stage of manufacture

Thelprimary stage of manufacture is the first common firing of the dielectric-electrode assenbly.

8.2 Structurally similar components

Capacitors considered as being structurally similar are,~capacitors produced with similar
prog¢esses and materials, though they may be of differént case sizes and values.

8.3 Certified records of released lots

The| information required in IEC 60384-1:202%, 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 6 [and
the jnsulation resistance.

8.4 AQualification approval
8.4/ 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 peripdic
testp is given ilvAnnex D. The procedure using a fixed sample size schedule is given in 8.4.2
and|8.4.3.

8.4.p Qualification approval on the basis of the fixed sample size procedures

The Tixed sample size procedure is described in [EC 60384-1:2027T, Q.Z.4. The sample shall be
representative of the range of capacitors for which approval is sought. This range may be
different from the complete range covered by the detail specification.

For each temperature characteristic, the sample shall consist of specimens of capacitors of
maximum and minimum size and for each of these sizes, the maximum capacitance value for
the highest rated voltage and minimum rated voltage of the voltage ranges for which approval
is sought. When there are more than four rated voltages, 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) for each temperature characteristic. Where the total range
consists of fewer than four values, the number of specimens to be tested shall be that required
for four values.

In case assessment level EZ is used, spare specimens are permitted as follows:
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Two (for six values) or three (for four values) per value may be used as replacements for
specimens that are non-conforming because of incidents not attributable to the manufacturer.

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

When 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.

Tab
num

8.4.
The

of ¢
in tH

The
grol

Non
groy

llon
the

The

Tab
dets

of t¢sts. Table 21 together with the“details of the test contained in Clause 5 gives a comp
mary of test conditions and-performance requirements and indicates where, for exampleg for

sum
the

The
sha

e 20 gives the number of samples fo be tested in each group or subgroup together with
ber of permissible non-conformances for the qualification approval test.

3 Tests

complete series of tests specified in Table 20 and Table 21 are required|for the appr
ppacitors covered by one detail specification. The tests of each group.'shall be carried
e order given.

whole sample shall be subjected to the tests of Group 0 and“then divided for the o
pS.

-conforming specimens found during the tests of Group™0 shall not be used for the o
ps.

e non-conforming item" is counted when a capadgitor has not satisfied the whole or a pa
fests of a group.

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

e 20 and Table 21 together form thie’fixed sample size test schedule. Table 20 includes
ils for the sampling and permissible non-conforming items for the different tests or grg

test method or conditions;of test, a choice shall be made in the detail specification.

conditions of testtand performance requirements for the fixed sample size test sche
| be identical to-those specified in the detail specification for quality conformance inspeg

the

bval
out

ther

ther

rt of

the

ups
lete

Hule
tion.
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Table 20 - Fixed sample size test plan for qualification approval
Assessment level EZ

Group Test S_ubclause of Num_ber of Permissible
No. this document specimens number of
nonconforming
items
n® ¢
0 Visual examination 5.5
Dimensions 5.5 132 + 24f 0
Capacitance 561
Tangent of loss angle 5.6.2
Insulation resistance 5.6.3
Voltage proof 5.6.4
Spare specimens 12
A Robustness of termination9 5.16 12 0
Resistance to soldering heat 5.10
Component solvent resistance® 5.17
1B Impedance® 5.6.5 12 0
Equivalent series resistance [ESR]? 5.6.6
Solderability 5.11
Solvent resistance of marking® 548
P Substrate bending testd 5.9 12 0
a Mounting 5.4
Visual examination 5.5 84 + 24 0°
Capacitance 5.6.1
Tangent of loss angle 5.6.2
Insulation resistance 5.6.3
Voltage proof 5.6.4
3.1 Shear test" 5.8 24 0
Rapid change of temperature 5.12
Climatic sequence 5.13
3.2 Damp heat, steady state 5.14 24 0
3.3 Enddrance 5.15 36 0
3.4 Actélerated damp heat, steady state © 5.19 24 0
= Temperature characteristic of capacitance 5.7 12 0

o Q@ ™ o

The vatues of these TMeaSUTements Serve as imtiar measurements for the testsof Group o.
If required in the detail specification.

The capacitors found non-conforming items after mounting shall not be taken into account when calculating
the permissible non-conforming for the following tests. They shall be replaced by spare capacitors.

Not applicable to capacitors, which, in accordance with their detail specification, shall only be mounted on
alumina substrates.

Capacitance/voltage combinations, see 8.4.2.

Additional capacitors, if Group 3.4 is tested.

Applicable to capacitors with strip terminations.

Not applicable to capacitors with strip terminations.
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Table 21 — Test schedule for qualification approval

Test? Conditions of test? DorND°| =n c Performance
i a
(see Table 20) requirements
GROUP 0 ND See Table 20
5.5 Visual examination As in 5.5.3
Legible marking
and as specified in
the detail
specification
5.5 Dimension (detail) See the detail
specification
5.6.[1 Capacitance Frequency: ... Hz Within specified
tolerance
Measuring voltage: V RMS
5.6.  Tangent of loss angle | Frequency and Measuring As.n 5.6.2.3
(tan &) voltage same as in 5.6.1
5.6.p Insulation resistance |See the detail specification for As in 5.6.3.4
the method
5.6.4 Voltage proof See detail specification for the No breakdown of
method flashover
GROUP 1A D See Table 20
5.14 Robustness of Test Ua1, Force:2,5 N
termination Test Ub, Method 1
(if applicable) ’ Force:2,5,N
Number of bends:1
Visual examination No visible damape
5.10.3 Initial measurement | Capacitance
5.1( Resistance to Special preconditiening as in 5.2
soldering heat ) D
See the detail specification for
the method
Recovery:=(24 + 2) h
5.10.6  Final inspection, Visuallexamination As in 5.10.6
measurement and .
requirements Capacitance As in 5.10.6
5.17 Component solvent Solvent: ... See the detail
resistance specification
(if required) Solvent temperature:
Method 2
Recovery: ...
GROUP 1B D See Table 20
5.6.p [mpedance Frequency: 100 kHz See the detail
(if required) specification
5.6.6 ESR(IfTequited) Frequency—t00+kHz Seethedetait
specification
5.11 Solderability See the detail specification for
the method
5.11.4  Final inspection, Visual examination Asin 5.11.4
measurement and
requirements
5.18 Solvent resistance of |Solvent: ... Legible marking

the marking ©
(if required)

Solvent temperature: ...
Method 1

Rubbing material: cotton wool
Recovery: ...
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Test? Conditions of test? DorND°| =n ¢ Performance
: a
(see Table 20) requirements
GROUP 2 D See Table 20
5.9 Substrate bending Deflection: ... See the detail
test specification
Number of bends: ...
5.9.2 Initial measurement | Capacitance
5.9.3 Final inspection Capacitance (with printed board lacic| <10 %
in bent position)
Visual examination No visible damage
|
GROUP 3 D See Table 20
5.4 Mounting Substrate material: ...d
Visual examination As in 5¢5.3
Capacitance Within specified
tolerance
Tangent of loss angle As in 5.6.2.3
Insulation resistance As in 5.6.3.4
Voltage proof No breakdown of
flashover
GROUP 3.1 D See Table 20
5.8 Shear test Visual examination No visible damape
5.14.3 Initial measurement | Capacitance
5.12 Rapid change of Special preconditioning as in¢512
temperature
T, = Lower category
temperature
Ty = Upper category
temperature
Five cycles
Duration t,)= 30 min
Recovery: (24 + 2) h
5.14.6 Final inspection, Visual examination No visible damape
measurement and .
requirements Capacitance ACIC: as in 5.12|6
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
5.13.6 Cold Temperature: lower category
temperature
Duration: 2 h
Visual examination No visible damage
5.13.7 Damp heat, cyclic, Recovery: (24 + 2) h
test Db, remaining
cycles
5.13.8 Final inspection, Visual examination No visible damage

measurement and
requirements

Capacitance
Tangent of loss angle

Insulation resistance

Legible marking
ACIC: as in 5.13.8
As in 5.13.8

As in 5.13.8



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 © IEC 2024

- 37—

Test? Conditions of test? DorND?| =n c Performance
(see Table 20) requirements?
GROUP 3.2 D See Table 20
5.14 Damp heat, steady Special preconditioning as in 5.2
state
5.14.3 Initial measurement Capacitance
Recovery: (24 + 2) h
5.14.6 Final inspection, Visual examination No visible damage
Ez?lisirir:zrlt and Legible marking
Capacitance ACIC: as in 5.14|6
Tangent of loss angle As in 5.14.6
Insulation resistance As in5¢14.6
GROUP 3.3 D See Table 20
5.15 Endurance Special preconditioning as in 5.2
Duration: ... h
Temperature: ...°C
Voltage: ...V
5.19.3 Initial measurement Capacitance
Recovery: (24 + 2) h
5.19.6 Final inspection, Visual examination No visible damape
measurement and . .
requirements Legible marking
Capacitance ACIC: as in 5.15|6
Tangent of loss angle As in 5.15.6
Insulation resistance As in 5.15.6
GROUP 3.4 D See Table 20
5.19 Accelerated damp Duration: ..=~h
heat, steady state (if
required) Temperature: (85 + 2) °C
Hdmidity: (85 £ 3) % RH
5.19.2 Initial measurement sulation resistance As in 5.19.2
5.19.5 Final measurements™ |Recovery: (24 + 2) h As in 5.19.5
Insulation resistance
GROQUP 4 ND See Table 20
5.7 Temperature Special preconditioning as in 5.2 AC/C: as in 5.7.3
characteristic of
capacitance
a2  Buybclause numbers of test and performance requirements refer to Clause 5.

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

¢ This test may be carried out on capacitors mounted on a substrate.

d  When different substrate materials are used for the individual subgroup, the detail specification shall indicate
which substrate material is used in each subgroup.



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 38 - IEC 60384-22:2024 © |EC 2024

Annex A
(normative)

Guidance for the specification and coding of dimensions of fixed surface
mount multilayer capacitors of ceramic dielectric, Class 2

The principles given in Figure A.1 shall be considered in the dimensioning of the capacitors.

Dimensions are specified in Table A.1.

Metallized surface

. Metallized surface
Metallized surface | —

%

A

Y
A
Y
A
\J

A
Y

IEC
Dimgnsion W should not exceed dimension L.

Dimgnsion H should not exceed dimension W.

If negessary, the thickness of tinning should bé.specified.

Eigure A.1 — Dimensions

Table A.1 — Dimensions

Code Length Width Ly Ly L,
L, w Minimum Minimum
0201M 0,25 + 0,013 0,125 + 0,013 0,04 0,06
0402M 0,4 +0,02 0,2 +0,02 0,05 0,1
0603M 0,6 + 0,03 0,3 +0,03 0,1 0,2
1(005M 1,0 £ 0,05 0,5 + 0,05 0,1 0,3
1608M 1,6 £0,1 0,8 +0,1 0,2 0,5
2012M 2,0+£0,1 1,25+ 0,1 0,2 0,7
3216M 3,2+0,2 1,6 £0,15 0,3 1,4
3225M 3,2+0,2 2,5+0,2 0,3 1,4
4532M 45+0,3 3,2+0,2 0,3 2,0
5750M 57+0,4 50+0,4 0,3 2,5
NOTE Dimension in millimetres.

Other case sizes and dimensions may be specified in the detail specification.
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Annex B
(normative)

Capacitance ageing of fixed capacitors of ceramic dielectric, Class 2

General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties and exhibit a
Curie temperature.

Abo|
belg
this
tem

Under the influence of thermal vibration, the ions in the crystal lattice ‘Gontinue to mov

pos
Cur
cap

However, if the capacitor is heated to a temperature abovethe Curie temperature, then

age

recommences from the time when the capacitor recools.

B.2

Dur
well
Soc

The

progess of the dielectric whichveccurs during a "decade", i.e. a time in which the capa

incr

As the law of decrease.of-capacitance is logarithmic, the percentage loss of capacitance wi

2 %
mat

ve this temperature, the dielectric has the highly symmetric cubic crystal structure.whe
w the Curie temperature the crystal structure is less symmetrical. Although in single crys
phase transition is very sharp, in practical ceramics, it is often spread.over a f

tions of lower potential energy for a long time after the dielectric_hds cooled through
e temperature. This gives rise to the phenomenon of capacitance ageing, whereby
Acitor continually decreases its capacitance.

ng takes place, i.e. the capacitance lost throughx ageing is regained, and ag

Law of capacitance ageing

ng the first hour after cooling through the“Curie temperature, the loss of capacitance ig
defined, but after this time, it follows ‘a logarithmic law (see K.W. Plessner, Proc. P
, vol. 69B, P1261, 1956) which can;be expressed in terms of an ageing constant.

ageing constant k is defined\as the percentage loss of capacitance due to the ag

pases its age tenfold for-example from 1 h to 10 h.

k between 1 h and)100 h age and 3 x k& between 1 h and 1 000 h. This can be expres
hematically by the following equation:

k
C =Ci | 1—-——xlgt
t 1( 100><9) (

eas
tals
nite

perature range, but in all cases, it is linked with a peak in the capacitance/tempé€rature clirve.

e to
the
the

de-
bing

not
nys.

eing
Citor

| be
sed

3.1)

where

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

100x(C,, - C
k= ( 4l fz) (B.2)
CI1X|gt2_C12X|gt1

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 ¢.

It is|also possible to plot log C against Ig ¢.

Dur{ng measurements of ageing, the capacitor should be maintained at a constant temperature
so that capacitance variations due to the temperature characteristic do not mask those dufe to
agejng.

B.3] Capacitance measurements and capacitance tolerance

Becpuse of ageing, it is necessary to specify a reference age at which the capacitance shall be
withiin the specified tolerance. This is fixed at 1 000 h, sincefor practical purposes there is| not
mugh further loss of capacitance after this time.

In order to calculate the capacitance Cy ogq after 1,000 h, the ageing constant shall be knpwn
or determined as in Clause B.2, when the following formula may be used:

k
C1000 = Ctl:"—m(?)—lgt):l (33)

For|factory measurements, th€,loss of capacitance from the age at time of measurement to
1 090 h age will be known and 'can be off-set by using asymmetric inspection tolerances.

For|example, if it is known that the capacitance loss will be 5 %, then the capacitors may be
inspected to limits of;+25/-15 % instead of 20 %.

Capacitance 4s-normally declared at 20 °C, and it may be necessary to measure at [this
temperature _or correct the results to this temperature. Errors can also arise from heat from| the
hanfs, and capacitors should therefore always be handled with tweezers.

B.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 (for example 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 the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.
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If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring it
into a state where its capacitance is not so dependent on its previous history, and the same
effect will be achieved, though completely de-aged. In order to de-age such capacitors
completely, temperature up to 160 °C can be required. Therefore, in the few cases where
complete de-ageing of such capacitors can be required, the detail specification shall be
consulted for details and any necessary precautions.
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Annex C
(normative)

Temperature characteristics of capacitance of 25 °C

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

Table-C-2-denotes—with-a-cross-the proforror’l values—of-the famnnlratu.rn characteristic-with-and
without DC voltage applied. The method of coding the subclass is also given according to
TabJe C.1; for example, a dielectric with a percentage change of £15 % without DE-volfage
applied over the temperature range from -55 °C to +125 °C will be defined as_dielectric of
subglass X7R.
The| exact conditions of temperature characteristics of capacitance are shown.in Table C.3|
Table C.1 — Temperature characteristics of capacitance
Category Temperature characteristic capacitance Maximum capacitance change within the
category(temperature range with respectjto
the capacitance at 25 °C measured with anpd
without a DC voltage applied
Lower category Upper category %
temperature temperature
Alpha Low Numeric High Sub-class Without DC | With DC voltage
gymbol temperature symbol temperature letter code voltage applied 2
applied
°C (if required
+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 + 47
8 +150 F +7,5
9 +200 P +10 Requirements
= specified in the
3 +175P R +15 detail
specification
S + 22
T +22/- 33
u + 22/- 56
\ + 22/- 82
Le + 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 C.2 — Preferred values of the temperature characteristic of capacitance
with and without a DC voltage applied

Maximum capacitance change within the Category temperature range and
Sub-class | category temperature range with respect to corresponding number code
letter code the capacitance at 20 °C measured with
and without a DC voltage applied -55/+85 | -55/+105 | -55/+125 | -55/+150
% °C °C °C °C
: with DC voltage applied
ithout DT X5 X6 X7 X8
voltage applie (if required) @
R +15 X X X X
S 122 Requirements specified X X X
T +22/-33 in the detail specification X X X
U +22/-56 X X X

NO

TE "x" indicates preferred.

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

Table C.3 — Measuring conditions of temperature characteristic
of capacitance for the reference temperature 25 °C

Method Measuring step Temperature DC voltage applied
°C
1 25+ 2 -
2 Tyt2 _
3 25+ 2 -
N 4 Tyt 2 _
Tg 2 x
6 25+ 2 x
7 Tyt2 x
B 1234 See above -
Megasurements may be made at such intermediate temperatures as to ensure that the requirements of 4.2.5|are
mef.
NOJFE 1 "-"indicates: no DC voltage applied
"x" jndicates: rated voltage
NO['E2 “-Reference capacitance is the capacitance measured at Step 3.
T, —towercategorytemperature:

Ty = Upper category temperature.
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Annex D
(normative)

Quality conformance inspection

Formation of inspection lots

1 Groups A and B inspection

024

The

A npanufacturer may aggregate the current production into inspection lots subject to

follg

a)
b)

c)

D.1

The

Sanmpples shall be representative of the current/production of the specified periods and sha

divi
peri
and

D.2

The
Tab

D.3

When, in<accordance with the procedures of IEC 60384-1:2021, Q.1.7, re-inspection shal

mad

Se tests shall be carried out on a lot-by-lot basis.

wing safeguards:

[he inspection lot shall consist of structurally similar capacitors (see 8.2)f

he sample tested shall be representative of the values and the diménsions containe
he inspection lot:

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

f there are fewer than five of any one value in the sample the basis for the drawin
samples shall be agreed between the manufacturer and the certification body (CB).

2 Group C inspection

se tests shall be carried out on a periodic basis.

jed into small, medium and large sizes: In order to cover the range of approvals in
pd, one voltage shall be tested from.each group of sizes. In subsequent periods, other s
or voltage ratings in production shall be tested with the aim of covering the whole rand

Test schedule

schedule for the lot-by-lot and periodic tests for quality conformance inspection is give
e D.3 and Table Di4.

Delayed-delivery

e,solderability and capacitance shall be checked as specified in Groups A and B inspeg

the

| be
any
zes
e.

nin

| be
tion.

D.4

Assessment levels

The assessment level(s) given in Table D.3 and Table D.4 should be selected from Table D.1

and

Table D.2.
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Table D.1 — Lot-by-lot inspection

. , EZ

Inspection subgroup ILa n? ®
20 100 %"
A1 S-4 c 0
A2 S-3 - °
B1 s-3 ¢ 0
= S.2 < 0

a8 [IL = inspection level
n = sample size
c = permissible number of non-conforming items

The inspection shall be performed after removal of nonconforming items by 100 %f testing during |the
manufacturing process. Whether the lot was accepted or not, all samples for sampling inspection shalll be
inspected in order to monitor outgoing quality level by nonconforming items per millidn (X 1076).

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

In the case where one or more nonconforming items occur in a samplejthis lot shall be rejected, bu{ all
nonconforming items shall be counted for the calculation of quality level values. Outgoing quality level by
nonconforming items per million (x 107%) values shall be calculatéd by accumulating inspection datg in
accordance with the method given in IEC 61193-2:2007, 6.2.

¢ INumber to be tested: sample size shall be determined in accaordance with IEC 61193-2:2007, 4.3.2.

The content of the inspection subgroup is described in Table.D.3.

Table D.2 &Periodic test

EZ

Inspection subgroup® e nd 5
o ) 12 0

> 3 12 0

C3.1 6 27 -

C3.2 6 I °

C3.3 3 A °

C3.4° 6 10 °

¢4 6 i -

p = periodicity in months

n.=@Sample size

¢ = permissible number of non-conforming items

b The content of the inspection subgroup is described in Table D.4

¢ If required.

D.5 test schedule for quality conformance inspection

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

Lot-by-lot tests

Test? Conditions of test® D¢ or ND L c® Performance
requirements
Group A0 [100 % tests]
5.6.1 Capacitance Frequency: ... Hz ND 100 %4 Within specified
) tolerance
Measuring voltage: ... Vr.m.s
5.6.2 Tangent of loss Frequency and measuring As in 5.6.2
angle (tan §) voltage same as in 5.6.1
5.6|3 Insulation See detail specification for the As in 5.6.3.4
resistance method
5.6|4 Voltage proof See detail specification for the No breakdown pr
method flashover
Grqup A1 [Sampling tests]
5.5|2 Visual examination ND S-4¢ 0 As in 5.5.2
Legible marking
and as specifiefl
in the detail
specification
Grqup A2 [Sampling tests]
4.2|6 | Dimension’ NR s-3¢ | 0 | See the detail
specification
Grqup B1 [Special tests]
5.6|5 Impedance Frequency: 100 KHz D S-3¢ 0 See detail
(if required) specification
5.6|6 ESR (if required) Frequency: 100 KHz See detail
specification
5.1 solderability See detail specification for the
method
5.1f1.4 | Final inspection, Visual examination Asin 5.11.4
measurements and
requirements
5.1B Solvent resistance Solvent: ... Legible marking
of the marking
(if required)? Solvent temperature: ...
Method 1
Rubbing material: cotton wool
Recovery: ...
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Lot-by-lot tests

Test? Conditions of test® D€ or ND 1L c® Performance

requirement

S

Group B2 [Special tests]

5.7

Temperature ND S-2¢ 0 | AC/C: Asin 5.7
characteristics of
capacitance?

.3

Applicable tests, test conditions, requirements and clause numbers as selected from this document.

The information given in Table D.3 shall provide a suitable overview of the most relevant parameters of e

ach

test, however shall not take precedence over any more detailed specification given in a respective clause of

thIS specification or In a clted normative retrerence.

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

After 100 % measurement and removal of nonconforming items, a re-inspection shall be performed in ordef to
monitor the outgoing quality level, in accordance with the detail specification. A lot shall be rejécted if on¢ or

more nonconforming items occur in a sample during re-inspection.
Inspection Levels are selected from IEC 61193-2.

This test may be replaced by in-production testing if the manufacturer installs Statistical Process Control (S
on dimensional measurements or other mechanisms to avoid parts exceeding the limits.

This test may be carried out on capacitors mounted on a substrate.

)C)

This subgroup may be omitted if a corresponding test is carried out on each manufacturing batch of dieledtric

material.

Table D.4 — Test schedule for quality conformarice inspection (Periodic test)

Periodic tests

Performarjce
a T b c c c c
Test Conditions of test D€ or ND | p n c requiremets
Grdup C1 "
5.14 Robustness of Termination Test UayForce: 2,5 N 3 12 od
(only for capacitors with
strip terminations) Test Ub. Method 1 D
Force: 2,5 N
Number of bends: 1
Visual examination No visible
damage
5.10.3 Initial measurement Capacitance
5.1 Resistange 10 soldering See detail specification
heat for the method
Recovery: 24 h+2 h
5.10.6 Final inspection, Visual examination As in 5.10.4
measurements and . .
requirements Capacitance As in 5.10.4
5.17 Component solvent Solvent: ... See detail
resistance (if required) specification
Solvent temperature: ...
Method 2
Recovery: ...
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Periodic tests

Performance
a i4E b c c c c
Test Conditions of test D®orND | p n 4 requirements
Group C2 "
5.9 Substrate bending test® Deflection: ... D 3 12 | o9 | See detail
specification
Number of bends: ...
5.9.2 Initial measurement Capacitance
5.9.3 Final inspection Capacitance (with ACIC =10 %
printed board n bent
position)
Visual examination No wisible
damage
Grdup C3" D
5.4 Mounting’ Substrate material: ... As in
IEC 60384-,
5.5.1
Visual examination
Capacitance Within
specified
tolerance
Tangent of loss angle As in 5.6.2
Insulation resistance As in 5.6.3.4
Voltage proof No breakdown
or flashove
Grdup C3.1" D
q -
5.8 Shear test9 Visual inspection 6 |27 | 0 yo visible
amage
Special preconditioning
as-in'5.2
5.12.3 Initial measurement Capacitance
5.17 Rapid change of T, = Lower category
temperature temperature
Tg = Upper category
temperature: five cycles
Duration ty = 30 min
Recovery: (24 + 2) h
5.12.6 Rinal inspections, Visual examination No visible
measurements and damage
requirements . .
(‘nrr_\nmfanhn ACIC:As in
5.12.6
5.13 Climatic sequence Special preconditioning
asin 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
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Periodic tests

Performance

a i4E b c c c
Test Conditions of test D¢ or ND n 4 requirements
5.13.6 Cold Temperature: lower
category temperature
Duration: 2 h
Visual inspection No visible
damage
5.13.7 Damp heat, cyclic, test Db, | Recovery: 24 h+2h
remaining cycles
5.13.8 Final measurements Visual examination No visible
damage,
Ledible
marking
Capacitance AC/C: As in
5.13.8
Tangent of loss angle As in 5.13.9
Insulation resistance As in 5.13.9
Grqup C3.2" D
5.14 Damp heat, steady state Special preconditioning 15 | od
asinb5.2
5.14.3 Initial measurement Capacitance
Recovery: 24 h+2 h
5.14.6 Final inspections, Visual examination No visible
measurements and damage
requirements .
Legible
marking
Capacitance AC/C: As in
5.14.6
Tangent of loss angle As in 5.14.4
lasulation resistance As in 5.14 .4
Grqup C3.3" D
5.1p Endurance Special preconditioning 15 | od
asinb5.2
Duration: ...h
Temperature: ...°C
Voltage: ...V
5.1p.3 Initial measurement Capacitance
Recovery: (24 £+ 2) h
5.1p6 Final inspections, Visual examination No visible
measurements and damage
requirements .
Legible
marking
Capacitance AC/C: As in
5.15.6
Tangent of loss angle As in 5.15.6
Insulation resistance As in 5.15.6
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Periodic tests

Performance

a i4E b c c c c
Test Conditions of test D®orND | p n 4 requirements

Group C3.4" D

5.19 Accelerated damp heat, Duration: ... h 6 15 | od
steady state (if required)

Temperature: (85 +
2)°C

Humidity: (85 + 3) %

5.19.2 Initial measurement Insulation resistance As in 5.19.2

Recovery: (24 £+ 2) h

5.1p.5 Final measurements Insulation resistance As in"§19.

Grqup C4 " ND

5.7 Temperature characteristic | Special preconditioning 6 9 P ) AC/C: As in
of capacitance asin 5.2 5.7.3

2 |Applicable tests, test conditions, requirements and clause numbers as selected from'this document.

The information given in Table D.4 shall provide a suitable overview of the mostrelevant parameters of epch
test, however shall not take precedence over any more detailed specification.diven in a respective claus¢ of
this specification or in a cited normative reference.

¢ |Refer to Table D.2 for lists of symbols and of abbreviated terms.

If one non-conforming item is obtained, all the tests of the subgroup shall be repeated on a new sample fnd
then no further non-conforming items are permitted. Release of pfoduct may continue during repeat testing.

Not applicable to capacitors, which, in accordance with the\detail specification, shall only be mounted| on
alumina substrates.

The capacitors found non-conformances after mounting\shall not be taken into account when calculating|the
non- conformances for the following tests. They shalkbe replaced by spare capacitors.

9 |Not applicable to capacitors with strip terminations

All tests of the sub-group shall be repeated_ifione or more nonconforming item is obtained. No nonconform
items are permitted in the repeat testing.‘Release of products may continue during repeat testing.

ng
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Annex X
(informative)

Cross-reference for reference to IEC 60384-22:2019

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

clause and subclause numbers with respect to IEC 60384-22:2019.

Table X.1 — Reference to IEC 60384-22 for clause/subclause

IHC 60384-22:2019 IEC 60384-22:2024
3nd edition 4th edition Notes
Clause/Subclause Clause/Subclause
1 1 No change
2 2 No change
3 3 No change
4 7 In accordance with the change of-¢lause numbers
5 6 In accordance with the change_of clause numbers
6 4 In accordance with the change of clause numbers
71t07.4 8.11t08.4 In accordance with the‘change of clause numbers
7.5.1t07.5.4 D.1toD.4 In accordance with _the change of clause numbers
8 5 In accordance ‘with the change of clause numbers
Annex A Annex A No change
Annex B Annex B No change
Annex C Annex C Changed from informative to normative
- D.5 Newly added. Modified from IEC 60384-22-1:2004, Clause
Annex X Annex X No change

Table X.2 indicates the new.figure and table numbers with respect to IEC 60384-22:2019.

Table'X.2 — Reference to IEC 60384-22 for figure/table

FC 60384-22:2019
3rd edition

Figure/Tahle

IEC 60384-22:2024

4th edition

Figure/Table

Notes

Table 1_to.Fable 3

Table 1 to Table 3

No change

—

able 4 and Table 5

Table 20 to Table 21

In accordance with the change of table numbers

Tible/6 and Table 7

Table D.1 to Table D.2

In accordance with the change of table numbers

Table D.3 and Table D.4

Newly added. Modified from IEC 60384-22-1:2004,
Table 4

Table 8 to Table 23

Table 4 to Table 19

In accordance with the change of table numbers

Table A.1 Table A.1 No change
Table C.1 Table C.1 No change
- Table C.2 Newly added
Table C.2 Table C.3 In accordance with the change of table numbers

Table X.1 and Table X.2

Table X.1 and Table X.2

No change

For the figure numbers, there was no change.



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC

IEC

- 52 - IEC 60384-22:2024 © |EC 2024

Bibliography
60063, Preferred number series for resistors and capacitors

60068-1:2013, Environmental testing — Part 1: General and guidance

IEC 60384-14, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagnetic interference suppression and connection
to the supply mains

IEC
spe
Ass

IEC
sym

ISO
IEC

EIA
Req

K.W
of th

60384-22-1:2004, Fixed capacitors for use in electronic equipment — Part 22-1: Blank d
Cification: Fixed surface mount multilayer capacitors of ceramic dielectric, Class
essment level EZ

60417, Graphical symbols for use on equipment (available at http://lwww.graph
bols.info/equipment)

3:1973, Preferred numbers — Series of preferred numbers
(Q on-line certificate system: available at www.iecq.org

198-1-F, Ceramic Dielectric Capacitors Classes I, Il, Ill. and IV — Part |I: Characteristics
uirements

. Plessner: Ageing of the Dielectric Properties<of‘Barium Titanate Ceramics, Proceed
e Physical Society, Section B, Volume 69, Issue 12, pp. 1261 to 1268 (1956)

ptail
2 —

cal-

and

ngs



http://www.graphical-symbols.info/equipment
http://www.graphical-symbols.info/equipment
http://www.iecq.org/
https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 54 — IEC 60384-22:2024 © |EC 2024

SOMMAIRE
AVANT-PROP O S .. ettt et e et e e e et e e e anns 58
1 Domaine d’appliCation ... 60
2 REfEreNCES NOIMAtiVES ... e e 60
3 Termes et defiNitioNS ... i 60
4  Valeurs assignées et caractéristiques préférentielles..............cooooiiiiiiii i 62
4.1 Caractéristiques préférentielles. ..o 62
2 Valewrs-assighées—préférenticles—m—————nrrmmmmmmmmmmmmmmmmmmm—m—mmmerTeeeee .62
4.2.1 Température assignée (TR) «..cvvveeeeieeeiiiiiee T .62
4.2.2 Tension assignée (UR) -..oovvvvvveiiiiieeieeeeeiiiiee e .62
4.2.3 Tension de catégorie (Ug).....ccoveeeeeeeeeiiiiiiiiiieeec 0L .62
4.2.4 Valeurs préférentielles de la capacité nominale et des valeurs de

tolérance asSOCIEES .....cuiiuiiiii i Y A .63
4.2.5 Caractéristique de température de capacité................ .. .63
4.2.6 DiMEeNSIONS ...uiiie e T .64
5 |[Procédures d’essaietde mesure.........cooooviieiiiiiinn O .64
5.1 GENETalIteS ..o A T .64
5.2 Préconditionnement spécial ... ... .64
5.3 ConditioNS d€ MESUIE .....iiviiiiiiiiieieeee e e e .65
9.4 Lo g1 ¢= Vo T P S USRI .65
8.5 Examen visuel et contréle des dimensionS ..o .65
5.5.1 GENEIalIteS . e R .65
5.5.2 EXamen VISUECI ... e .65
5.5.3 g Lo 1= o 7= S .65
5.6 Essais @leCtriqUes ... ..o 8 .67
5.6.1 (OF=Y 0T Tod | - PP .67
5.6.2 Tangente de 'angle de perte (1an ) ..o .68
5.6.3 Résistance @isolement.... ... .68
5.6.4 TENUE BN tEBNSION ..o .69
5.6.5 Impédanee (si la spécification particuliére I'exige) .......ccooviiiiiiiiiiiniini, .70
5.6.6 Résistance série équivalente [ESR] (si la spécification particuliére I'exige)..}.70

8.7 Caracteristique de température de capacité (température de référence de
D2 1 PP .70
5.7.1 Préconditionnement spécial.........cooiiiiiiiiiii .70
5,7.2 CoNditioNS A€ MESUIE . .uceiii e .70
5.7.3 Lo LY o= T PP .71
5.8 Essai de cisaillement ... 71
5.9 Essai de pliage du substrat...... ..o 72
5.9.1 GNEIAlItES .o 72
5.9.2 MeESUre INItIAlE .. ..o 72
5.9.3 CoNtrole fiNAL . ... 72
5.10 Reésistance ala chaleur de brasage .........cooovviiiiiiiiii 72
5.10.1 GBNBIAlItES o e 72
5.10.2 Préconditionnement Spécial..........coiriiniiiii 72
5.10.3 MeESUre INItIAlE .. ..o 72
5.10.4 COoNAItiONS A @SS . uivuiii i 72

5.10.5 RETAD IS SEMENT ... e 73


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 © |IEC 2024 - 55 -

5.10.6 Inspection finale, mesures et eXigenNCeS.......ccuiiiiiiiiiiii e, 74
BT Brasabilite. ... 74
5.11.1 GNEIAlItES .. e 74
5.11.2 CoNdItioNS A ESS@I . ivuiviiiiiei e 74
5.11.3 ReEtabliSSEMENT. .. ... 75
5.11.4 Inspection finale, mesures et eXigenNCeS.......ccviiiiiiiiie e, 75
5.12 Variations rapides de température ... 75
5.12.1 (T T=T = 111 = PP 75
5.12.2 Préconditionnement SPecCial..........c..coouuiuiuiuiiiiiiiiiiiiiiiiiie e 75
5.12.3 Mesure iNitiale ... e .75
5.12.4 NOMDBIEe A€ CYCIES couieiie e e e .76
5.12.5 ReétablissemMeENt... ... BT .76
5.12.6 Inspection finale, mesures et eXigenCes........coevviiniiiiiiiiiiee e e e .76
5.13  Séquence climatiQUe........oouiiiiiii e e .76
5.13.1 GENEralites ..o WL .76
5.13.2 Préconditionnement spécial .........ccccoiiiiiiiiiii e B .76
5.13.3 Mesure initiale ... e .76
5.13.4 Chaleur SECNE ... B e .76
5.13.5 Chaleur humide, cyclique, essai Db, premier gycte ..., 77
5.13.6 o o S P 77
5.13.7 Chaleur humide, cyclique, essai Db, cycglesrestants...........c.ccocviiiiiiinnnnn. 77
5.13.8 Inspection finale, mesures et eXigenees, .........ovi i 77
5.14 Chaleur humide, €SSai CONtINU ... ... m e .78
5.14.1 GENEraliteS . e A .78
5.14.2 Préconditionnement spécCialyn .78
5.14.3 MeESUIE INTHIAIE ... e e e .78
5.14.4 CoNditionNs A’ eSS Al ... ih .78
5.14.5 R abliSSEM Nt .. i .79
5.14.6 Inspection finaley-imesures et eXigenCes. ... ..o .79
G IR I T = o T LU = o o] S P .80
5.15.1 GBNBIAlI S o e et .80
5.15.2 Préconditionnement spécial ...... ..o .80
5.15.3 MESUFE INTHIAIE ... e .80
5.154 CONAItIONS A ESSaAI c.uiviiiiii i .80
5.15.5 ReétabliSSEMENT ... ..o .81
5.156 Inspection finale, mesures et eXigenCes. .......coiiiiiiiiiii e .81
§.16,"~“Robustesse des sorties (uniquement pour les condensateurs avec sorties a
F T e Y=Y 1= O TN .82
5.16.1 (T T=T = 111 = PP 82
5.16.2 CoNditioNS @’ @SSAI ivuiniii i 82
5.16.3 Inspection finale et eXigeNCEeS ........c.oiviiiiiiii 82
5.17 Résistance du composant aux solvants (si cela est exigé) .........ooovviiiiiiiininiann. 82
5.18 Reésistance au solvant du marquage (si cela est exigé) ........ccovviiiiiiiiiiiiinnnn, 82
5.19 Chaleur humide, essai continu accéléré (si cela est exigé).........cocovvviiiiiiiiiiinnnnn... 82
5.19.1 7= a1 = 11 = PP 82
5.19.2 MeESUIE INTTIAIE ..o 82
5.19.3 ConditioNNEMENT ... 83
5.19.4 ReEtabliSSEMENT. ... 83

5.19.5 MESUIES FINAIES . ot 83


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 56 - IEC 60384-22:2024 © |EC 2024

6 Y=Y o U E=Te =S PP 83
6.1 LT =T =T 11 =S 83
6.2 Informations pour 1€ MarqUAgE.......c.uoiniiiii i 83
6.3 MarqUAgE SUI 1€ COIPS et e e e e e e eaas 84
6.4 Exigences relatives au MarqQUage.......co.iuie i 84
6.5 Marquage de 'emballage .........oouiiiiiii 84
6.6 Marquage sUPPlEMENTaIre ... ..o e 84

7 Informations a spécifier dans une spécification particuliére..............c.ooooiiiiiiiiiinn. 84
74 Généralités .84
1.2 Dessin d’encombrement et dimensSions ........ ..o .84
1.3 MONEAGE. .. e e (e .85
1.4 Valeurs assignées et caractéristiques ... e e .85

7.4.1 GeNEralites ..o R Y .85
7.4.2 Gamme de capacités nominales ..........cocooeeveeiiiiiiiinene G .85
7.4.3 Caractéristiques particuliéres ... M .85
7.4.4 Brasure. .. .o S .85
1.5 = T o LU =T = P S, e .85

8 |[Procédures d’assurance de la qualité ... T e .85
g.1 Etape initiale de fabrication............ccccoeeiiiiieee e S e .85
g.2 Modeéles assoCiables ... ... .85
q.3 Enregistrements certifiés de [0ts [IVIés ......mil i, .85
q.4 HOMOIOGatioN . ... S .86

8.4.1 (7= a1 =Y 1] = P .86
8.4.2 Homologation fondée sur les procédures avec un effectif d’échantillons

0= S .86
8.4.3 ST 1= P .86

Annexe A (normative) Recommandations pour la spécification et le codage des

dimensions des condensateurs multicouches fixes a diélectriques en céramique pour

MONEAgE €N SUMACE, ClasSS8 2. il ittt ittt et e e e e e e e e e eas .93

Annfexe B (normative) Vieillisseément de la capacité de condensateurs fixes a

diélectriques en céramique, ClasSe 2 ... ... .94
B.1 BNl S i .94
B.2 Loi du vigillissement de capacit@...... oo .94
B.3 Mesures-de la capacité et tolérance de la capacité .........ccccoeeeiiiiiiiiiiiiiicneen, .95
B.4 Préeonditionnement particulier (VOIr 5.2) ..o .95

Annexe C.(normative) Caractéristiques de température de capacité de 25 °C.................... .97

Annexe D’(normative) Contrble de conformité de la qualité.............o.ooiiiiii i, .99

— Constitutiondestotsdecontrbte—r7rm e 7 99
D.1.1 Inspection des Groupes A et B ..., 99
D.1.2 Inspection du groupe C. ... 99

D.2 Programme A’ @SS@IS ..uiuuiiii it 99
D.3 LivraisSon diffErEe ... 99
D.4 NIVEAUX A ASSUIANCE .. et e e e e e eeaas 99
D.5 Programme d’essais pour les contrdles de conformité de la qualité..................... 100
Annexe X (informative) Références croisées pour référence a I'lEC 60384-22:2019 .......... 106
710 1Yo = Yo 4 L= S 107

Figure 1 — Défaut: craquelure OU fiSSUMe ... ... 65


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 © |IEC 2024 - 57 -

Figure 2 — Défaut: craquelure OU fISSUIE .......iuuiinii e 65
Figure 3 — Séparation ou décollement interlaminaire..............cooooiiiii 66
Figure 4 — ElECtrodes @XPOSEES ........ceiuiieeeiee e, 66
Figure 5 — FaCes PrinCiPales ..o et e e e e aaeaas 67
Figure 6 — Profil de température de refusSion ............oooouiiiii i, 73
o U =R N B B 1T o g T=T g1 Lo T o 1 PPN 93
Tabjeat—4—vateurspréferentielesdetensionsdeeatégorie—— 63
TabJeau 2 — Tolérances préférentielles ..........ccooiiiiiii i S .63
TabJeau 3 — Caractéristique de température de capacité...........ccooviiiiii N .64
TabJeau 4 — Conditions de MesUre. ..o L .67
TabJeau 5 — Limites de la tangente de I'angle de perte ........ccoooiiiiiiiiiii it e, .68
Tableau 6 — TEeNSIONS A @SS@i..cuuiiuniiiiiii i e .70
TabJeau 7 — Détails des conditions de mesure ... 080 .71
Tableau 8 — Profils de température de refusion pour alliage Sn-Ag-CuU............cccoievirierannnnes .73
Tabjeau 9 — Variation maximale de capacité ... L, .74
Tabjeau 10 — Variation maximale de capacité ..ot N o, .76
Tableau 11 — Nombre de cycles de chaleur humide ... a7
TabJeau 12 — Exigences, mesures et contréle final ,es . oo .78
Tabjeau 13 — Conditions d’essai continu de chaletr humide ............cc.cooiiiiiiiin .79
TabJeau 14 — Exigences, mesures et contréle final ..........ccocooiiiiiiiiiiiii i, .79
Tableau 15 — Conditions d’essai d’enduranCe (UC = UR) ....ccuveuiiiiiiiiiiiiii e .80
TabJeau 16 — Conditions d’essai d’endurance (UG # UR) ......ooooeeeeieiiiiiiiiiiiiecccccc .81
TabJeau 17 — Exigences, mesures et contréle final de I'essai d’endurance.......................... .81
Tableau 18 — EXIgenCes iNitial@S ... ...oouiiii i .82
Tableau 19 — ConditioNNENTENT .. ... e e e e et .83
Tableau 20 — Plan d’essais avec un nombre d’échantillons fixe pour homologation

NiV@aUu A asSUranNCe B . ettt .88
TabJeau 21 — Programme d’essais pour 'homologation.............coooiii e .89
Tableau A1 o DIMENSIONS ... .93
Tabjeau C.1 2 Caractéristique de température de capacité ..............coooiiiiiiiiiiii i .97
Tableau C.2 — Valeurs préférentielles de la caractéristique de température de capacité
aveg-et sans tension en courant continu appliqQUée ... .98
Tableau C.3 — Conditions de mesure des caractéristiques de température de capacité

pour la température de référence de 25 °C ... 98
Tableau D.1 — Controle 10t par [0t ..o 100
Tableau D.2 — ESSais PErOIiQUES .. cuuieiiieee e e 100
Tableau D.3 — Programme d’essais pour le contréle de conformité de la qualité (lot

22T (o) ) PP PP 101
Tableau D.4 — Programme d’essais pour le contréle de conformité de la qualité (essai

X1 o To Lo LU 1= I PPN 102
Tableau X.1 — Référence a I'l|EC 60384-22 pour les articles/paragraphes ..........ccccccoeeennnni. 106

Tableau X.2 — Référence a la figure/au tableau de I'lEC 60384-22............cooiiiiiiiiiiiiinaanes 106


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 58 - IEC 60384-22:2024 © |EC 2024

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 22: Spécification intermédiaire — Condensateurs multicouches fixes

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comppsée
e 'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LIEC a pour obj¢t de
hvoriser la coopération internationale pour toutes les questions de normalisation dans’ les domainep de
Blectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie desyNormes internationples,
les Spécifications techniques, des Rapports techniques, des Spécifications accessibles’au public (PAS) et des
uides (ci-apres dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a‘des comités d’études| aux
avaux desquels tout Comité national intéressé par le sujet traité peut)participer. Les organisations
ternationales, gouvernementales et non gouvernementales, en liaison ave¢ KIEC, participent égalemen{ aux
avaux. L'IEC collabore étroitement avec I’Organisation Internationale dé) Normalisation (ISO), selon| des
ponditions fixées par accord entre les deux organisations.

2) Ues décisions ou accords officiels de I'lEC concernant les questions téchriques représentent, dans la mesufe du
ossible, un accord international sur les sujets étudiés, étant donné qtie les Comités nationaux de I'l[EC intérgssés

ont représentés dans chaque comité d’études.

3) Ues Publications de I'lEC se présentent sous la forme de ecommandations internationales et sont agrgées
omme telles par les Comités nationaux de I'lEC. Tous les &fforts raisonnables sont entrepris afin que |'IEC
assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de

Eventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

— 0w O~ WB[— O ="M 0Q —-h0O [

4) Dans le but d’encourager I'uniformité internationalé/sles Comités nationaux de I'lEC s’engagent, dans toute la
esure possible, a appliquer de fagon transparente'les Publications de I'lEC dans leurs publications nationales
t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationalep ou

pgionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

- D 3

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

dépendants.

Q=

6)
7)

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

ucune responsabilité netdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatgires,
compris ses experts-particuliers et les membres de ses comités d’études et des Comités nationaux de I[IEC,
our tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
écoulant de lapublication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I[IEC,
u au crédit qui lui est accordé.

8) LUattention'est attirée sur les références normatives citées dans cette publication. L’utilisation de publicafions

bférencées est obligatoire pour une application correcte de la présente publication.

S 00T < P> -

9) UIEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation|{d’un
ou de’plusieurs brevets. L’IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité dg tout
droit de propriété revendiqué a cet égard. A la date de publication du présent document, I'lEC n’avait pas regu
notification qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a 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 I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 60384-22 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 quatrieme édition annule et remplace la troisieme édition parue en 2019. 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 entierement 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; I’Annexe X comporte toutes les références croisées des
changements de numérotation des articles/paragraphes;

b) les exigences relatives a la température de référence de 25 °C ont été ajoutées dans le
Tableau 5, le Tableau 9, le Tableau 10, le Tableau 12, le Tableau 14 et le Tableau 17;

c) le tableau des caractéristiques de température de la capacité pour la température de
eference de 25 "Ca ete gjoute dans fe T apteau C- 1, fe Tableau C2etie Tavteau €3]

d) l'exigence de 5.5.2 (examen visuel) a été répétée en 5.9.3, en 5.10.6, en 5.11.4, en\5.12.6,
bn 5.13.8, en 5.14.6 et en 5.15.6;

e) la fleche D dans les modéles trés robustes a été ajoutée en 5.9.1;
f) |'Annexe C est passée d’'informative a normative;

g) [Article D.5 (Programme d’essais pour le contrdle de conformité de la gualité) a été ajouté
bour retirer la spécification particuliere-cadre: IEC 60384-22-1.

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

Projet Rapport deote
40/3120/FDIS 40/3439/RVD

Le napport de vote indiqué dans le tableau ci-dessds donne toute information sur le vote ayant
abolti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.

Ce fdocument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les
Dirgctives ISO/IEC, Partie 1 et les™Directives ISO/IEC, Supplément IEC, disponibles qous
www.iec.ch/members_experts/refdoCs. Les principaux types de documents développés|par
'IEC sont décrits plus en détail'sous www.iec.ch/publications.

Ung liste de toutes les* parties de la série IEC 60384, publiées sous le titre géngéral
Corldensateurs fixes utilisés dans les équipements électroniques, se trouve sur le site Web de
'EC.
Le qomité a décidé que le contenu de ce document ne sera pas modifié avant la date de stahilité
indiguée surle'site Web de I'lEC sous webstore.iec.ch dans les données relatives au document

recherché-A cette date, le document sera:

e feconduit,

e supprimé, ou

e révisé.
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DANS LES EQUIPEMENTS ELECTRONIQUES -
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Partie 22: Spécification intermédiaire — Condensateurs multicouches fixes

a diélectriques en céramique pour montage en surface, de Classe 2

La présente partie de I'lEC 60384 est applicable aux condensateurs multicouchesfixg
diélectriques en céramique pour montage en surface non encapsulés, Classe 2, wtilisés d
équipements électroniques. Ces condensateurs possédent des pastilles.de connekion

les

meétpllisées ou des bandes de brasure et sont destinés a étre montés sur des(Gartes imprim

ou ¢

Les

Le présent document a pour objet de spécifier les valeurs~assignées et caractéristiq
préférentielles, de sélectionner, en se référant a I'lEC60384-1:2021, les procéd
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irectement sur des substrats de circuits hybrides.

condensateurs d’antiparasitage ne sont pas inclus, mais sont couverts par I'lEC 60384

surance qualité appropriées, les essais et les méthodes de mesure et de donner
ences de performances générales pour ce type de(condensateur. Les sévérités et
ences des essais spécifiées dans les spécifications particulieres se référant au pré
iment fournissent des sévérités et des exigences d’essai d’'un niveau de performs
Brieur ou égal. Pour plus d’informations sur-la conception des spécifications génériq
rmédiaires et particuliéres, voir I'Introduction.de I'lEC 60384-1:2021.
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rence s’applique (y compris les éventuels amendements).

60068-2-58, Essais*d’environnement — Partie 2-58: Essais — Essai Td: Méthodes d’e
a soudabilité, résistance de la métallisation a la dissolution et résistance a la chaleu
age des compagsants pour montage en surface (CMS)

60384-1:2021, Condensateurs fixes utilisés dans les équipements électronique
je 1,-Spécification générique

IEC

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p?tie

ule
de

ssal
r de

6861193.2-2007 QHQIH‘I/ assassment-svstem Part 2- Saolaction and vuse-of ogmpling yel
O+ 3 —eH—=<= o+8-cHoOH3HaHSe—-oB1-SaHpHA

ans

Hiy—corooboo o t—oyotoH

for inspection of electronic components and packages (disponible en anglais seulement)

3

Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'|EC 60384-1 ainsi que
les suivants s’appliquent.
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L’ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/
e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

3.1

condensateur multicouche pour montage en surface
condensateur multicouche dont les petites dimensions et la nature ou la forme des connexions
de sortie en font un condensateur pouvant étre monté en surface dans des circuits hybrides et
sur des cartes imprimées

3.2
condensateur a diélectrique en céramique, Classe 2
congensateur qui a un diélectrique a permittivité élevée et adapté pour des applicationg de
confournement et de couplage ou pour des circuits discriminateurs de fréquence lorsqug de
faibles pertes et une stabilité élevée de capacité ne sont pas de premiere impotrtance

Note|1 a I'article: Le diélectrique en céramique est caractérisé par la variation non linéaire de capacité sur la plage
de tgmpératures de catégorie (voir Tableau 3).

3.3
sous-classe
<Classe 2> variation maximale en pourcentage de capacité a l'intérieur de la plagel de
températures de catégorie par rapport a la capacité a la température de référence de 20 °C ou
25 9C

Note| 1 a I'article: La sous-classe peut étre exprimée sous forme de code (voir Tableau 3 et Annexe C).

3.4
plage de températures de catégorie
plage des températures ambiantes pour laquelle le condensateur a été congu pour fonctiopner
de maniére continue

Note|1 a l'article: Cette plage est donnee par la température minimale de catégorie et la température maximale de
catégorie (voir Tableau 3 et Annexe C)

3.5
température assignée
TR
température ambiante’maximale a laquelle la tension assignée peut étre appliquée de manfiére
continue

3.6

tensionrassignée

Ur

tent;Ull CIl bUUIdIIt bUIItillu Illd)\;llldic qw pcut étlc appilquéc UIC llldll;eIU bUIIt;IIuU > un

condensateur a n’'importe quelle température entre la température minimale de catégorie et la
température assignée

Note 1 a l'article: La tension en courant continu maximale est la somme de la tension en courant continu et de la
valeur de créte de la tension alternative ou de la valeur de créte de la tension d’impulsion appliquées au
condensateur.

3.7

tension de catégorie

Uc

tension maximale pouvant étre appliquée de manieére continue a un condensateur a sa
température maximale de catégorie
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4 Valeurs assignées et caractéristiques préférentielles

4.1 Caractéristiques préférentielles

Les catégories climatiques préférentielles doivent étre données uniquement dans les
caractéristiques préférentielles.

Les condensateurs couverts par le présent document sont classés en catégories climatiques
conformément aux regles générales données dans I'lEC 60068-1:2013, Annexe A.

Pour une temperature de reference de 20 "C, les temperatures minimale et maximalg de
catdgorie et la durée de I’essai continu de chaleur humide doivent étre sélectionnéesdans la
listg ci-dessous:

e {empérature minimale de catégorie: -55 °C, —40 °C, -25 °C, —10 °C et +1079C,

e {empérature maximale de catégorie: +70 °C, +85 °C, +100 °C, +125 °C et #150 °C;
e (durée de I’essai continu de chaleur humide

température = 40 °C, humidité relative = 93 %): 4, 10, 21 et 56 jours:

Pour la température de référence de 25 °C, les températures.de catégorie inférieur¢ et
superieure doivent étre choisies dans le Tableau C.1 de I'’Annexe C.

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

NOTE La résistance a I’humidité résultant de la catégorie climatique ci-dessus concerne les condensateurs dans
I’étaj non monté. La performance climatique des condensateuts aprés montage dépend considérablement du sulfstrat
de montage, de la méthode de montage (voir 5.4) et du reyétement final.

4.2 | Valeurs assignées préférentielles

4.2A1 Température assignée (7R)

La ftempérature assignée est égale a la température maximale de catégorie pour|les
confensateurs dont la température maximale de catégorie ne dépasse pas 125 °C, sauf
indigation contraire de la spégification particuliére.

4.2.p Tension assignée (Ug)

Les|valeurs préférentielles de la tension assignée sont les valeurs de la série R5 de I'|SO 3. Si
d’adtres valeursisont nécessaires, elles doivent étre choisies dans la série R10.

La gomme:de la tension en courant continu et de la plus grande parmi la valeur de créte de la
tengion \alternative et la valeur créte a créte de la tension alternative, appliquée| au
conflensateur ne doit pas dépasser la tension assignée.

4.2.3 Tension de catégorie (U¢)

La tension de catégorie est égale a la tension assignée pour les condensateurs dont la
température maximale de catégorie ne dépasse pas 125 °C. Toutes les tensions de catégorie
différentes de la tension assignée, pour des condensateurs dont la température maximale de
catégorie dépasse 125 °C ou pour des condensateurs a haute tension avec des tensions
assignées d’environ 500 V, doivent étre fournies par la spécification particuliére.

Les valeurs préférentielles de la tension de catégorie a la température maximale de catégorie
de 125 °C pour des condensateurs de grand volume, avec une tension assignée inférieure ou
égale a 16 V et une température assignée de 85 °C sont données dans le Tableau 1.
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4.2.4 Valeurs préférentielles de la capacité nominale et des valeurs de tolérance

4.2.4.1 Valeurs préférentielles de la capacité nominale

Il cgnvient que les valeurs de capacité nominale proviennent des séries E3, E6 et E12 donn
danp 'lEC 60063.

4.2.4.2 Tolérances préférentielles sur la capacité nominale

Vo

4.2.

Le ]
continu appliquée pour'la température de référence de 20 °C. La méthode de codage d
soup-classe est également donnée; par exemple un diélectrique avec un pourcentage

var

Tableau 1 — Valeurs préférentielles de tensions de catégorie

R \ 2,5 4 6,3 10 16

U \ 1,6 2,5 4 6,3 10

NOTE Les valeurs numériques de U, sont calculées a I'aide de la formule suivante:

UC = 0,63 XUR

associées

il Tableau 2.
Tableau 2 — Tolérances préférentielles
Série préférentielle Tolérance Lettre de codage
%

E3 et E6 -20/+80 4
-20/+50 S
E6 + 20 M
E6 et E12 +10 K

b Caractéristique de température de capacité

[ableau 3 représente,la-caractéristique de température avec et sans tension en cou

intion de +20 %_sans tension en courant continu appliquée sur la plage de températy

ées

ant
la
de
res

allapt de -55:Cna +125 °C, est défini comme un diélectrique de sous-classe 2C1. [Les
caractéristiques-de température, les températures de catégorie et les codes correspondants

pouf la température de référence de 25 °C sont donnés a I’Annexe C. La plage de températlr
pouf laquelle la caractéristique de température du diélectrique est définie est la méme qu
plagede-températures de catégorie.

res

e la


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 64 - IEC 60384-22:2024 © |EC 2024

Tableau 3 — Caractéristique de température de capacité

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

de catégorie par rapport a la
capacité a 20 °C mesurée avec -55/+150 | -55/+125 | -55/+85 | -40/+85 | -25/+85 | +10/+85

et sans application de tension

Lettre de en courant continu
codage de % °C °C °C °C °C °C
sous-classe
sans tension avec une
en courant tension en
corti cotrant & 4 2 3 4 64
appliquée continu
appliquée?
2B +10
2C +20
Exigences
2D +20/-30 spécifiées dans
2E +22/-56 la spécification
particuliére
2F +30/-80
2R +15

Lordque la température maximale de catégorie est supérieure a 125 °C, il conyient que les limites de variatiop de
capacité, avec ou sans tension en courant continu, soient indiquées dans{la spécification particuliére.

NOTE Une référence a I’Annexe C peut étre faite pour les valeurs* préférentielles de la caractéristiqug de
température pour la température de référence de 25 °C.
a8 La tension en courant continu appliquée est soit la tension assignée, soit la tension spécifiée danp la
Epécification particuliere.

4.2.6 Dimensions

Les|regles proposées pour la spécification et le codage des dimensions sont présentées a
’Anhexe A.

Les|dimensions spécifiques_doivent étre données dans la spécification particuliere.

5 |Procédures d’essai et de mesure

5.1 Généralités

Le présent Article 5 compléte les informations données dans I'l[EC 60384-1:2021, de I'Artigle 5
a I’Article<10.

5.2 “Préconditionnement spécial

Sauf indication contraire dans la spécification particuliére, le préconditionnement spécial,
lorsqu’il est indiqué dans le présent document avant un essai ou une séquence d’essais, doit
étre effectué dans les conditions suivantes.

Exposition a la température maximale de catégorie ou a une température plus élevée telle
qu’elle peut étre indiquée dans la spécification particuliére, pendant 1 h, suivie d’'une durée de
rétablissement de (24 = 1) h dans les conditions atmosphériques normales des essais.

NOTE Les condensateurs perdent continuellement de la capacité avec le temps selon une loi logarithmique (c’est
le phénomene de vieillissement). Toutefois, si le condensateur est chauffé a une température supérieure a la
température du point de Curie de son diélectrique, une "régénération" se produit, c’est-a-dire que la capacité perdue
par "vieillissement" est récupérée, et le "vieillissement" reprend a partir du moment ou le condensateur recommence
a refroidir. L'objet du préconditionnement spécial est d’amener le condensateur a un état défini quel que soit son
historique (soir I’Article B.4 pour plus d’informations).



https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC 60384-22:2024 © |IEC 2024 - 65—

5.3 Conditions de mesure

Voir IEC 60384-1:2021, 5.2.1.

5.4 Montage
Voir IEC 60384-1:2021, 5.5.

5.5 Examen visuel et controle des dimensions

5.5.1 _ Généralités

Voin IEC 60384-1:2021, 7.1, avec les détails de 5.5.2 et 5.5.3.

5.5.R Examen visuel

L’edamen visuel doit étre réalisé avec un équipement adapté offrant un grossissement d’envjiron
10x%} un éclairage approprié de I’éprouvette d’essai et le niveau de qualité exigé. Si le spécien
est |composé de trés petits composants, I'’examen visuel peut étre" effectué avec| un

grogsissement plus élevé.

Il cgnvient que I'opérateur dispose d’équipements pour I'éclairage’ incident ou transmis,

que|d’équipements de mesure appropriés.

5.5.8 Exigences

5.5.8.1 Généralités

ginsi

Les| valeurs quantitatives pour les exigences.ci-dessous peuvent étre données dans la

spécification particuliére ou dans la spécification du fabricant.

5.5.5.2 Exigences relatives a la céramique

Les|exigences relatives a la céramique sont les suivantes:

a) etre exempte de craquelures,;ou de fissures, a 'exception de dommages minimes en surface

Figure 2);

P

IEC

Figure 1 — Défaut: craquelure ou fissure

Jui ne dégradent pas les-performances du condensateur (exemples: voir Figure 1 4t la

IEC

NOTE Craquelure ou fissure sur un c6té ou s’étendant d’'une face a une autre en passant par une aréte.

Figure 2 — Défaut: craquelure ou fissure


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

- 66 - IEC 60384-22:2024 © |IEC 2

024

b) ne pas présenter de séparation ou décollement interlaminaire visible entre les couches du
condensateur (voir Figure 3).

Séparation ou
décollement
interlaminaire

[ — Fissure

IEC

c) pe pas présenter d’électrodes exposées entre les deux sorties (voir Figure 4);

5.5.
Les

a)

b)

La d
dép

la Mméme régien: Les espaces dans la métallisation ne doivent pas affecter les deux ar
cipales\de chaque extrémité du bloc (ou les quatre arétes dans le cas de condensateurs

prin
carr
long

Figure 3 — Séparation ou décollement interlaminaire

Electrodes ekposeées

IEC

Figure 4 — Electrodes exposées

5Ur une zone centrale entre deux sorties adjacentes qui est égale a la distance minin
entre celles-ci (Annexe A, dimension Ly).

3.3 Exigences relatives a la métallisation
exigences relatives a la métallisation: sont les suivantes:
ne pas présenter de décollement visible des sorties métallisées ni d’électrodes expos
voir Figure 4);

es faces principales (voirFigure 5) sont celles notées A, B et C.
Dans le cas de condensateurs de section carrée, les faces D et E sont égalen

considérées comme-principales.

urface maximale’ des espaces dans la métallisation sur chaque face principale ne doit
bsser 15 % dela surface de cette face et ces espaces ne doivent pas étre concentrés d

es).(La dissolution du revétement d’extrémité (lixiviation) ne doit pas dépasser 25 % d
ueur de l'aréte concernée.

e corps céramique doit étre exempt de toute trace{conductrice (métallisation, étamage, ¢tc.)

hale

ées

nent

pas
ans
btes

e la
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L E
oS
L o B
/ c
/
/ Arétes principales
D IEC
Figure 5 — Faces principales
5.6 | Essais électriques
5.6.11 Capacité
5.6.1.1 Généralités

Voir

5.6.
Voir

IEC 60384-1:2021, 6.3, avec les détails de 5.6.1.2 et 5.6/1.3.

1.2 Conditions de mesure

Tableau 4, sauf indication contraire dans la spécification particuliere.

Tableau 4 — Conditions de mesure

Capacité nominale Ter_!sio'n Eréquence Tension de mesure Tension d’arbitrage
assignée
Ug V eff V eff
CN < 100 pF a 1 MHz 1,0£0,2 1,0 £ 0,02
10p pF = CN <10 pF Ug> B8V 1 kHz 1,0£0,2 1,0 £ 0,02
Ug's6,3V 1 kHz 0,5+0,2 0,5+ 0,02
CN > 10 pF a 100 Hz ou 120 Hz 0,5+0,2 0,5+ 0,02

Toutes les tensiens assignees (Ug).

5.6.

1.3 Exigences

La v
assi

I o | ita tall . Le s dai re 4|

gnée en tenant compte de la tolérance spécifiée.

leur

La capacité telle que mesurée dans I'état monté conformément au Groupe 3 est donnée
uniquement a des fins de référence lors des essais ultérieurs.

Pour les mesures d’arbitrage, la valeur de la capacité doit étre la valeur extrapolée a une durée
de vieillissement de 1 000 h, sauf indication contraire dans la spécification particuliere (voir les
explications a I’Annexe B).
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5.6.2 Tangente de I’angle de perte (tan §)
5.6.2.1 Généralités

Voir IEC 60384-1:2021, 6.4, avec les détails de 5.6.2.2 et 5.6.2.3.

5.6.2.2 Conditions de mesure

Les conditions de mesure sont les mémes que celles de 5.6.1. L’imprécision de I'appareil de
mesure ne doit pas dépasser 1 x 1073,

5.6.2.3 Exigences

La tengente de I'angle de perte, telle que mesurée dans I'état non monté, ne doit pas dépasser
la limite donnée au Tableau 5.

Tableau 5 — Limites de la tangente de I’angle de perte

Température de référence aTsesri‘Zlnoéne Sous-classe Tangente de I’angle de perte|
Ur
Tous codes de sous- Inférieure ou égale a 0,035 ou upe
Ugz210V classe valeur qui peut étre donnée dand la
spécification particuliére
20 °C 2B, 2C, 2R 0,1
Ug <10V 2D))2E 0,15
2F 0,2
Téiis codes de sous- Inférieure ou égale a 0,035 ou upe
Ugz210V classe valeur qui peut étre donnée dand la
spécification particuliére
25°C R 01
S 0,1
Ug <10V
T 0,15
u 0,15

NO['E Les codes des sous-classes sont expliqués en 4.2.5 a I’Annexe C.

La tangente de Langle de perte telle que mesurée dans I'état monté conformément au Groupe 3
est donnée uniqguement a des fins de référence lors des essais ultérieurs.

5.6.3 Résistance d’isolement

5.6.83-32—Généralités

Voir IEC 60384-1:2021, 6.1, en I'associant aux informations données de 5.6.3.2 a 5.6.3.4.

5.6.3.2 Préparation de I’essai

Avant l'essai, les condensateurs doivent étre nettoyés avec soin pour éliminer toute
contamination.

Les chambres d’essai, comme les lieux dans lesquels s’effectuent les mesures aprés les essais,
doivent étre propres. Avant le mesurage, les condensateurs doivent étre complétement
déchargés. La résistance d’'isolement doit étre mesurée entre les sorties.
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5.6.3.3 Conditions de mesure
Voir IEC 60384-1:2021, 6.1.2, avec les détails suivants:
La tension de mesure peut étre d’'une valeur quelconque inférieure ou égale a Ug, la tension

d’arbitrage étant Ug, pour un condensateur dont la tension assignée est inférieure ou égale a
1 kV. Pour Ug > 1 kV, la tension d’arbitrage doit étre de 1 kV.

La résistance d’isolement (R;) doit étre mesurée aprés avoir appliqué la tension pendant
(60 £5)s

Pour les essais lot par lot (Groupe A), I'essai peut étre terminé dans un délai plus court, $i la
valgur exigée de la résistance d’isolement est atteinte.

Le produit de la résistance interne de la source de tension et de la capacité nominalg du
congensateur ne doit pas dépasser 1s, sauf indication contraire dans-la spécificgtion
parficuliere.

Le ¢ourant de charge ne doit pas dépasser 0,05 A. Pour les condensateurs dont les tens|ons
assignées sont supérieures ou égales a 1 kV, une (valeur) limiteCinférieure peut étre donnée
danp la spécification particuliére.

5.6.p.4 Exigences

La nésistance d’isolement doit satisfaire aux exigenees’suivantes:

Cy < 25nF R, = 4 000 MQ

Cy > 25 nF R x Cy2100s

5.6.[41 Tenue en tension

5.6.4.1 Généralités

Voin IEC 60384-1:2021, 6,2-en I'associant aux informations données de 5.6.4.2 a 5.6.4.4.
5.6.4.2 Conditions d’essai

Le groduit de R4-€t'de la capacité nominale Cy doit étre inférieur ou égal a 1 s.

NOTE R, estune résistance de charge qui comprend la résistance interne de la source de tension. Ces informations
peuvient,étre consultées dans I'lEC 60384-1:2021, 6.2.2.

L 4ol 1o ol ot ol 2 oL A
e uurart uc Litdiryc 11c UUTL Yaos UTPaAdsoSTI U, UJ A.

Pour les condensateurs dont les tensions assignées sont supérieures ou égales a 1 kV, une
limite de courant de charge inférieure peut étre donnée dans la spécification particuliére. Pour
protéger les condensateurs contre I'amorgage, I'essai peut étre réalisé dans un milieu isolant
adapté.

5.6.4.3 Tensions d’essai

Des tensions d’essai conformes au Tableau 6 doivent étre appliquées entre les points de
mesures de 6.1.3 et 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.
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Tableau 6 — Tensions d’essai

Tension assignée Tension d’essai
\Y \
Ug < 100 2,5 Uy
100 < Uy = 200 1,5 Ug + 100
200 < Ug = 500 1,3 Ug + 100
500 < Ug < 1000 1,3 Ug
Ug 2 1000 1,2 Ug

5.6.4.4 Exigence

Aucpun claquage ni contournement électrique ne doit étre constaté pendantAd’essai.

5.6.p Impédance (si la spécification particuliére I’exige)
5.6.5.1 Généralités
Voin IEC 60384-1:2021, 6.6, avec les détails de 5.6.5.2 et 5.6.5:3.

5.6.5.2 Conditions de mesure

La fréquence de mesure: 100 kHz, avec une tolérance’relative de £10 %.
5.6.5.3 Exigences
L'impédance doit étre indiquée dans la spetification particuliére.

5.6.6 Résistance série équivalente [ESR] (si la spécification particuliére I’exige)
5.6.6.1 Généralités

Voin IEC 60384-1:2021, 6.4.2, avec les détails de 5.6.6.2 et de 5.6.6.3.

5.6.6.2 Conditions,'de mesure

La fréquence de ‘mesure: 100 kHz, avec une tolérance relative de £10 %.

5.6.6.3 Exigences

L’'E$R/doit étre indiquée dans la spécification particuliére.

5.7 Caractéristique de température de capacité (température de référence de 20 °C)
5.71 Préconditionnement spécial

Voir 6.2.

5.7.2 Conditions de mesure

Voir IEC 60384-1:2021, 6.8.1, avec les détails suivants.

Les condensateurs doivent étre mesurés dans I'état non monté en suivant les étapes et
conditions données dans le Tableau 7.
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Les étapes et conditions de mesure d’une température de référence de 25 °C sont données a

I’Annexe C.
Tableau 7 — Détails des conditions de mesure
Etape de mesure Température Tension en courant continu
appliquée
°C
1 202 -
2 T2+3 —
A
3 20+ 2 -
b
4 TgP+2 -
5 Tyt 2 x
6 20+ 2 %
7 Ty % 3 X
8 20+ 2 -
Deg mesures peuvent étre effectuées a des températures intermédiaires afin 'de s’assurer que les exigenceq de
4.2]5 sont satisfaites.

La

En
tem
dép
cap
I'im
ten
a ldg
1:2

NO

capacité de référence est la capacité mesurée a I'Etape 3.

Faison des effets décrits dans la Note au paragraphe 5.2, les valeurs de capacité mesurées a la référencsg
pérature, les étapes 5 a 7, avec la tension en courant{continu appliquée, dépendent du temps. C

acité entre la premiére et la derniére mesure a la téférence de température, Etapes 1 et 8, indigl
portance du vieillissement concerné. Dans le cas dun)litige concernant les résultats des mesures avec
bion en courant continu appliquée, il est conseillé de convenir d’un intervalle de temps fixe entre les mesy
référence de température, les étapes 5 et 7 avec-la tension en courant continu appliquée (voir IEC 603
D21, 6.8.1.3).

rTe "-" indique: aucune tension enéourant continu appliquée;
"x" indique: tension en courant continu appliquée (si spécifié dans la spécification particuliere)

T, = Température minimale de catégorie.

Ty = Température maximale de catégorie.

de
ptte

endance temporelle est incluse dans les limites donnéés’ pour la variation de capacité. Les variations| de

ent
Lne
res
84-

5.7.

La ¢
pas
con

3 Exigences

aractéristique de température avec et sans tension en courant continu appliquée ne
dépasser les valeurs données dans le Tableau 3. La variation de capacité doit étre calc
ormément a I'lEC 60384-1:2021, 6.8.3.1.

doit
ilée

5.8

Essai de cisaillement

Voir IEC 60384-1:2021, 7.7.

Une force doit étre choisie parmi 1 N, 2 N, 5 N et 10 N et indiquée dans la spécification

part

iculiére.
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Essai de pliage du substrat

1 Généralités

Voir IEC 60384-1:2021, 7.8.

Sauf indication contraire dans la spécification particuliére,

Poufr la dimension 1005M ou une dimension inférieure, il convient que I'épaisseur du subs
soit|égale a 0,8 mm.

5.9.p Mesure initiale

La papacité doit étre mesurée comme cela est spécifié en5.6.1 et dans la spécificg
parfficuliére.

5.9.

Les

visible. Voir 5.5.2.

La

5.1(

5.1(

Voir

5.1(

Voirn

5.1(

Lad

la fleche D doit étre choisie entre 1 mm, 2 mm ou 3 mm, des valeurs de fleche plus élevées
peuvent étre données dans la spécification particuliére dans le cas de conceptions trés
robustes;

e nombre de courbures doit étre égal a 1;

e rayon de 'outil de courbure doit étre égal 8 5 mm;

orsque la fleche D est inférieure ou égale a 2 mm, le rayon peut étre égal a 230 mm;
a durée dans I'état courbé doit étre de 5 s.

3 Controle final

condensateurs doivent étre examinés visuellement et il ne doit pas y avoir de domm

ariation de capacité avec la carte en_position courbée ne doit pas dépasser 10 %.
Résistance a la chaleur de brasage
.1 Généralités

IEC 60068-2-58 en I'associant aux informations données de 5.10.2 a 5.10.6.

.2 Préconditionnement spécial
5.2.
.3 Mesure initiale

apacité doit étre mesurée conformément a 5.6.1.

trat

tion

age

5.10.4 Conditions d’essai

5.10.4.1 Méthode du bain de brasure (applicable a 1608M, 2012M et 3216M)

NOTE Les codes des sous-classes sont expliqués dans le Tableau A.1.

Voir I'lEC 60068-2-58, Essai Td,, Méthode 1, avec les détails suivants, sauf indication contraire
dans la spécification particuliére.

Le spécimen doit étre préchauffé a une température comprise entre 110 °C et 140 °C et
maintenue pendant 30 s a 60 s.

Alliage de brasure: Sn-Pb ou Sn-Ag-Cu
Température: 260 °Cx5°C
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Durée d’'immersion: 10s+1s

Profondeur d’immersion: 10 mm

Nombre d’'immersions: 1

5.10.4.2 Systéme de brasage par convection gazeuse ou infrarouge

Voir I'lEC 60068-2-58, Essai Td,, Méthode 2, avec les détails suivants:

a)
b)
c)
d)

la pate a braser doit étre appliquée sur le substrat d’essai;

I'épaisseur du dépo6t de brasure doit étre indiquée dans la spécification particuliére;

es sorties du spécimen doivent étre placées sur la pate a braser;
plliage de brasure: Sn-Pb;

sauf indication contraire dans la spécification particuliére, le spécimen et le supstrat d’e
Hoivent étre préchauffés a une température de (150 + 10) °C et maintenue pendant 60
120 s dans un systéme de brasage par convection gazeuse ou infrarouge;

a température du systéme de refusion doit étre augmentée rapidement jusqu’a ce qu
Epécimen ait atteint une température de (235 £ 5) °C et maintenueypéndant (10 + 1) s;

blliage de brasure: Sn-Ag-Cu;
sauf indication contraire dans la spécification particuliére,, le profil de température
efusion doit étre choisi dans le Tableau 8 et la Figure 6;

Tableau 8 — Profils de température de refusion pour alliage Sn-Ag-Cu

5sai
s a

e le

de

T

3 T

Gomposition de I’alliage T, T, t t s t

1 2 3

°C °C S °C s °C s

dsure sans plomb Essai R .
150+ 5 | 180 £6§\"120+5 | 220 | 60a 90 | 250 20a40a7,-5

C

(SnAg-Cu)
A b
T4
T3
L.
2
T2 -t -
T1
IEC
Figure 6 — Profil de température de refusion
f) nombre d’essais: 1, sauf indication contraire dans la spécification particuliere;

g) le profil de température de d) ou e) doit étre indiqué dans la spécification particuliére.

5.10.5 Rétablissement

Les condensateurs doivent se rétablir pendant 24 h £ 2 h.

Les résidus de flux doivent étre retirés a I’aide d’un solvant approprié.
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5.10.6 Inspection finale, mesures et exigences
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Aprés un rétablissement, les condensateurs doivent étre mesurés et examinés visuellement et

doivent satisfaire aux exigences suivantes.

Sous un éclairage normal et un grossissement d’environ 10x, aucun signe de dommage, tel

que des craquelures, ne doit apparaitre. Voir 5.5.2.

La dissolution du revétement d’extrémité (lixiviation) ne doit pas dépasser 25 % de la longueur

de l'aréte concernée. La spécification particuliére peut spécifier d’autres informations.

La ¢apacité doit étre mesurée conformément a 5.6.1 et la variation ne doit pas dépasse

valdurs indiquées dans le Tableau 9.

Tableau 9 — Variation maximale de capacité

Température de référence de 20 °C

Sous-classe Exigences
2B et 2C +10 %
2D et 2R +15%
2E et 2F +20 %

NOTE Les codes des sous-classes sont expliqués en 4:2.5.

Température de référence’de 25 °C

Sous-classe Exigences
R +10 %
S +10 %
T +15 %
U +20 %

NOTE Les codes des sousSsiclasses sont expliqués en Tableau C.2.

5.11 Brasabilité

5.11.1 Généralités

Voin I'lEC 60068-2-58 en I'associant aux informations données de 5.11.2 a 5.11.4.

5.11.2 Conditions d’essai

5.11.2.1~ Méthode du bain de brasure (applicable a 1608M, 2012M et 3216M)

NOTE Les codes des sous-classes sont expliqués dans le Tableau A.1.

les

Voir I'lEC 60068-2-58, Essai Td4, Méthode 1, avec les détails suivants, sauf indication contraire

dans la spécification particuliére.

Le spécimen doit étre préchauffé a une température comprise entre 80 °C et 140 °C et

maintenue pendant 30 s a 60 s.

Alliage de brasure: Sn-Pb Sn-Ag-Cu
Température: (235+5)°C (245+5)°C
Durée d’immersion: (2+£0,2)s (3+0,3)s

Profondeur d’'immersion: 10 mm 10 mm


https://iecnorm.com/api/?name=32619c7eeab18777a6b7c78d36e9d89c

IEC

60384-22:2024 © IEC 2024 - 75—

Nombre d’'immersions: 1 1

5.11.2.2 Systéme de brasage par convection gazeuse ou infrarouge

Voir I'lEC 60068-2-58, Essai Td,, Méthode 2, avec les détails suivants:

a) la pate a braser doit étre appliquée sur le substrat d’essai;

b) I’épaisseur du dépdt de brasure doit étre indiquée dans la spécification particuliére;

c) les sorties du spécimen doivent étre placées sur la pate a braser;

d) alliage de brasure: Sn-Pb;

e)

f)
5.11

Les

5.11

Le
groq

Les
et b
zon
une

La s

5.1%

5.1%

sauf indication contraire dans la spécification particuliére, le spécimen et le substratd’e

120 s dans un systéme de brasage par convection gazeuse ou infrarouge;

a température du systéme de refusion doit étre augmentée rapidement jusgu’a ce qu
Epécimen ait atteint une température de (215 £ 3) °C et maintenue pendant (10 + 1) s;

blliage de brasure: Sn-Ag-Cu;

sauf indication contraire dans la spécification particuliére, le spécimen et le substrat d’e
Hoivent étre préchauffés a une température comprise entre (15045) °C et (180 £ 5) °
bendant 60 s a 120 s dans un systeme de brasage par convection gazeuse ou infrarou

a température du systeéme de refusion doit étre augmentéerapidement jusqu’a ce qu
spécimen ait atteint (235 + 3) °C. La durée au-dela de 225°C doit étre de (20 + 5) s;

e profil de température de d) ou e) doit étre indiqué dans la spécification particuliére.
.3 Rétablissement

résidus de flux doivent étre retirés a I'aide«d’un solvant approprié.

.4 Inspection finale, mesures et exigences

condensateur doit faire I'objet dieXamen visuel sous un éclairage normal et aveg
sissement d’environ 10x. Aucun Signe de dommage ne doit apparaitre. Voir 5.5.2.

extrémités et les zones de .contact doivent étre recouvertes d’une couche de brasure |
rillante ne comportant que trés peu d’imperfections isolées telles que des piqlres ou
s non mouillées ou démouillées. Ces imperfections ne doivent pas étre concentrées
seule zone.

pécification particuliére peut spécifier d’autres exigences.

Variations rapides de température

.1, \Généralités

ssai

Hoivent étre préchauffés a une température de (150 = 10) °C et maintenue pendant6( s a

e le

5sai
C et
he;

e le

un

sse
des
sur

Cet

€55ai ne goit étre appiique qu auxX CoNdensateurs pour iesquels ta temperature ae cate

est supérieure a 110 °C.

Voir IEC 60384-1:2021, 8.1, en I'associant aux informations données de 5.12.2 8 5.12.6.

Les

condensateurs doivent étre montés conformément a 5.4.

5.12.2 Préconditionnement spécial

Voir 5.2.

5.12.3 Mesure initiale

La capacité doit étre mesurée conformément a 5.6.1.

orie
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