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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 21: Sectional specification —
Fixed surface mount multilayer capacitors of ceramic dielectric, Class 1

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 "IECKPublication(s)"). Their

preparation is entrusted to technical committees; any IEC National Committee interestéd in 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 latter.

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 , fcie 72024 itiom 4.0
allows the user to identify the changes made to the previous IEC 60384-21:2019
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 60384-21 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|

This
acc
at
des

A lig
use

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

he terms have been replaced by the letter symbols in Table 3;

[able 6, Table 8, Table 9, Table 11, Table 13, Table 16 and Annex B;

he requirement in 5.5.2(visual examination) has been repeated in 5/9.3, 5.10.5, 5.1
b.11.4, 5.13.7, 5.14.5 and 5.15.5;

he deflection D in the very robust designs has been added in 5:9.1;
Annex B has been changed informative into normative;

Clause C.5 (Test schedule for quality conformance insp€ction) has been newly adde
vithdraw the blank detail specification: IEC 60384-21-1%

text of this International Standard is based on the“following documents:
Draft Report on voting
40/3119/FDIS 40/3138/RVD

information on the voting for its approval can be found in the report on voting indicatg
above 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]
brdance 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 eleetronic equipment, can be found on the IEC website.

t of all.parts in the IEC 60384 series, published under the general title Fixed capacitor$

use

code of temperature coefficient and tolerance of C0G, U2J have been added in Table 4,

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 21: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 1

1

Scope

This
cap
inte
sold

for hybrid circuits.

hcitors of ceramic dielectric with a defined temperature coefficient (dielectric~-Class
hded for use in electronic equipment. These capacitors have metallized connecting pad
ering strips and are intended to be mounted on printed boards, or directly onto substr

60384-14.

object of this document is to-preseribe specify preferred ratings and characteristics an
ct from IEC 60384- 1'2021 the appropriate quality assessment procedures tests
surin

(Q
3
()
~—
>
o
Q
(2
[O)
>
Q

F =

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

1),
S or
htes

acitors for electromagnetic interference suppression are not included;/but are covered by

0

rh

per—mrttee Test severltles a

doc
levd
be f

The
con
For
ame

IEC

IEC

IEC
solq

5 O

4 4 ' '
d requiremen s specmed in detail specifications referring to
Iiment provide specific test severities and requifements of an equal or higher performg
I. Further information on the conception of¢generic, sectional and detail specifications
pund in the Introduction of IEC 60384-1:2021. {1

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 mour

dev

following documents are referred to 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

ces (SMD)

IEC

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

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



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

024

For the purposes of this document, the terms and definitions given in IEC 60384-1:2021 and
the following apply.

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

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

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

3.1

suri
mul
suit

3.2

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

cappcitor of ceramic dielectric, Class 1

cap
high
is rq

Note

3.3
su
<ClI
the

Note
Note
from
itis

3.4

beitor specially designed and suited for resonant circuit application where low losses
stability of capacitance are essential or where a precisely defined temperature coeffig
quired, for example for compensating temperature effects in the circuit

1 to entry: The ceramic dielectric is defined by its nominal temperature coefficient (a).

class

e it

and
ient

ss 1> tolerance on the temperature coefficient for a given nominal temperature coefficient;

e e

1 to entry: See Table 2.

2 to entry: The nominal temperature coefficient value and its tolerance refer to the temperature interv
the reference temperature +20 °C or +25¢€to +85 °C, but because in practice TC curves are not strictly li
ecessary to define limiting capacitangce deviation (AC/C) for other temperatures (see Table 3 and Annex B

category temperature range

ami

Note

3.5
rate
Tr
max

ient temperature range for which the capacitor has been designed to operate continuo

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

d temperature

imum,ambient temperature at which the rated voltage-may can be continuously applied

al-of
ear,

Lisly

3.6

rated voltage

Ur

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
appli

3.7

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

ed to the capacitor.

category voltage

Uc

maximum voltage that can be applied continuously to a capacitor at its upper category
temperature
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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 or 25 °C |2, the lower and upper category temperatures and

the

The|
resq

NOT
statg
mou

4.2
4.2.

For
tem

4.2.

The|
vall

The|
is th

4.2.

guration of the damp heat, steady state test shall be chosen from the tollowing:

ectively.

E  The resistance to humidity resulting from the above climatic category(is for the capacitors in their unmoy
. The climatic performance of the capacitors after mounting is greatlydnfltenced by the mounting substratg
ting method (see 5.4) and the final coating.

Preferred values of ratings

1 Rated temperature (7R)

berature, unless the upper category temperature exceeds 125 °C.

P Rated voltage (Ug)

es are needed, they shall be chosen from the R10 series.

e greater, appliedto:the capacitor shall not exceed the rated voltage.

3 Category voltage (U¢)

Wh

givegniin' the detail specification.

ower category temperature: -55 °C, -40 °C, -25 °C, -10 °C and #10 °Q;
ipper category temperature: +70 °C, +85 °C, +100 °C, +125 °C-and-+15(4
juration of the damp heat,

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

severities of the cold and dry heat tests are the lower and upper \category temperat

ires

nted
, the

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

preferred values of the rated-voltage are the values of the R5 series of ISO 3. If other

sum of the DC voltagé.and the peak AC voltage or the peak-to-peak AC voltage, whichgver

n the rated temperature is defined as the upper category temperature, the category volfage

is egualte_the rated voltage as defined in IEC 60384-1:20462021, 3.5. If the upper cate
temperature exceeds 125 °C, or the rated voltages exceed 500 V, the category voltage sha

jory
| be

4.2.4 Preferred values of nominal capacitance and associated tolerance values

4.2.41 Preferred values of nominal capacitance

Nominal capacitance values-shall should be taken from-the-rumber-seriesof IEC-60063; the

EG,

E12 and E24 series-are-preferred given in IEC 60063.

4.2.4.2 Preferred tolerances on nominal capacitance

See

Table 1.


This is the most important change in this new edition. The addition of the reference temperature 25 °C became necessary to include the temperature coefficients COG and U2J, which are specified in EIA-198-1 and 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 B for details.
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Table 1 — Preferred tolerances on nominal capacitance

Preferred Tolerance
series Cy 210 pF Letter code Cy <10 pF Letter code
E6 +20 % M +2 pF G
E12 +10 % K +1 pF -
E24 5 % J 0.5 pF 5
2% G +0,25 pF c
=15 E +0-4-pF o

bs for the reference temperature 25 °C are given in Annex B, 3

detail specification shall specify for each temperature coefficient the minimum valu

pccuracy of the methods of capacitance measurément specified.

values of capacitance lower than this minimum value:

he detail specification shall specify asmultiplying factor for the tolerance on a, as we
he permissible changes of capacitance at the lower and upper category temperature;

he detail specification.

Table 2 - Nominal temperature coefficient and tolerance
(for reference temperature 20 °C)

b  Temperature coefficient (a)
5.1 Nominal temperature coefficient and tolerance (for reference temperature
20 °C)
e 2 shows the-preferred nominal temperature coefficients for the séference temperajture

the

esponding subclasses and letter codes. The temperature coefficients, tolerances and Igtter

e of

citance for which the given tolerance of temperature coefficient can be verified, considefring

| as

Epecial methods of measurementray can be necessary and, if required, shall be statdd in

Ngminal temperature cogfficient Tolerance on temperature Letter code for
(1076/K) coefficient (10-°/K) Subclass " Toleranke

+100 +30 1B A G

0 +30 1B C

-33 +30 1B H G

=75 +30 1B L G

=150 =30 B P G

-220 +30 1B R G

-330 +60 1B S H

-470 *60 1B T H

-750 +120 1B u J

-1000 +250 1F Q K

-1500 +250 1F \ K

+140 2 ¢ 2 -1 000 a 1C SL -



With this change temperature coefficients specified in EIA-198-1 are included.

https://iecnorm.com/api/?name=42d2de9b9485a5a282c5dccfecdce24c

IEC 60384-21:2024 CMV © IEC 2024

-13

a

NTE 1 Pros e Ined.

NOTE-2The nominal temperature coefficients and their tolerances are defined using the capacitance change
between the temperatures 20 °C and 85 °C.

NOTE 3 A capacitor with a temperature coefficient 0 x 1078/K and a tolerance on temperature coefficient of
+30 x 107%/K is designated as a CG capacitor (subclass 1B).

This temperature coefficient value is not subject to inspection since no limits for relative capacitance variation
are specified in Table 3.

NOTE

4.2.5.2

Permissible relative variation of capacitance

Tabje 3 shows for each combination of temperature coefficient and tolerance the permisgible
relative variation of capacitance expressed in parts per thousand at both the~upper and Iqwer
catggory temperatures. Temperature coefficients and tolerances are expressSed in parts|per
milljon per Kelvin (107/K). In case of reference temperature 25 °C, sge Table B.1 fof an
explanation of the permissible relative variation of capacitance.

Table 3 — Combination of temperature coefficient’and tolerance

Permissible relative variation in capacitance in parts per 1 000 between 20|°C
and a given'‘temperature
Lower category temperature Upper category temperature
a Tolerance

10-8/K 1076/K -55°C -40 °C -25°C -10 °C +70 °C +85°C | +100 °C | +12§°C
100 +30 (G) -9,75/ -7,80/ -5,85/ -3,90/ 3,50/ 4,55/ 5,60/ 7,3b/
-3,71 -2,96 52,22 -1,48 6,50 8,45 10,4 13)7

0 +30 (G) -2,25/ -1,80/ -1,35/ -0,90/ -1,50/ -1,95/ -2,40/ -3,15/
5,45 4,36 3,27 2,18 1,50 1,95 2,40 3,15

-33 +30 (G) 0,225/ 03180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ -6,62/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0,82

-75 +30 (G) 3,38/ 2,70/ 2,03/ 1,35/ -5,25/ -6,83/ -8,40/ -11}0/
12,8 9,85 7,39 4,92 -2,25 -2,93 -3,60 -4,Y3

-150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,7/ -14,4/ -18}9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -14,6

220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ -16,2/ -20,0/ -26}3/
25,6 20,46 15,3 10,2 -9,50 -12,4 -15,2 -20,0

-330 +60 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,5/ -25,4/ -31,2/ -4110/
38,4 30,7 23,0 15,4 -13,5 -17,6 -21,6 -28,4

-470 +60 (H) 30,8/ 24,6/ 18,5/ 12,3/ -26,5/ -34,5/ -42,4/ -55|7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1

=750 TT20(3) 747,37 37,87 28,47 18597 =435 =506,67 =09,67 =9t,4/
82,3 65,8 49,4 32,9 -31,5 -41,0 -50,4 -66,2

-1000 +250 (K) 56,3/ 45,0/ 33,8/ 22,5/ -62,5/ -81,3/ -100/ =131/
117 93,7 70,2 46,8 -37,5 -48,8 -60,0 -78,8

-1 500 +250 (K) 93,8/ 75,0/ 56,3/ 37,5/ -87,5/ -114/ -140/ -184/
163 130 97,7 65,1 -62,5 -81,3 -100 -131
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When the upper category temperature is above 125 °C, the limits shall be given in the detail specification.

Formulas for calculation of the permissible relative variation in capacitan®e;

Permissible relative variation in the temperature range from 20 °C to&he upper category temperature:
ACIC (1072 )=(a:£|s]) x (UCT - 20)/1 000 (1)

Permissible relative variation in the temperature rangéfrom 20 °C to the lower category temperature:

a) [ower permissible relative variation in capacitance from 20 °C to lower category temperature:
AC/C (1 0‘3)=(a1\5\)x(LCT—2O)/1 000 (2)
b) lupper permissible relative variation in capacitance from 20 °C to lower category temperature:
AC/C (107%)=[(-36) - (122 % |o]) + (0,22 % ) + @ | x (LCT - 20)/1000 (3)

a Temperature cogfficient
1) Tolerange ef*a
LCT Lowet category temperature

UCT  Upper category temperature

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.

5 Test and measurement procedures

5.1 General

This Clause 5 supplements the information given in IEC 60384-1:20462021, Clause 5 to Clause
10.


https://iecnorm.com/api/?name=42d2de9b9485a5a282c5dccfecdce24c

IEC

5.2

See

5.3

See

54

See
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Preliminary drying
IEC 60384-1:20462021, 5.3.

Measuring conditions

IEC 60384-1:201462021, 5.2.1.

Mounting

IEC 60384-1:20162021, 5.5.

5.5
5.5.

See]

5.5.

A
10x%

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

isual examination shall be carried out with suitable equipment with approximaz
magnification and lighting appropriate to the specimen under test and the quality |

reqlired. In case the specimen are very small components;,‘the visual examination may

carr

The|
an &

5.5.
5.5.

Qu{
mar

5.5.

ied out with 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 requiremients below may be given in the detail or in
ufacturer's specification.

3.2 Requirements forthe 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).

ey e

tely
bvel
be

| as

the

rate

e

IEC

Figure 1 — Fault: crack or fissure
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NOTE Crack or fissure on one side or extending from one face to another over a corner.

Ei

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

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

5.5.3.3 Requirements for the metallization

Requirements for the metallization are as follows:

a)

b)

Not“exhibit any visible detachment of the metallized terminations and not exhibit

Citor

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

nce

any

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 princi

pal.

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.
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5.6
5.6.
5.6.

Se¢]

5.6.

Unlgss otherwise specified in the detail specification,

5.6.

The|
taki

The

purposes only in further tests.

Principal edges

IEC
Figure 5 — Principal faces

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

measuring voltage: <5V RMS,
requency: C\ 1000 pF 1 MHz or 100 kHz (referee frequency 1 MHz)

Cy > 1000 pF 1 kHz or 100 kHz (referee frequency 1 kHz).

1.3 Requirements

capacitance value as measured in the unmounted state, shall correspond to the rated v
ng into account the specified tolerance.

capacitance as measured in the mounted state in accordance with Group 3 is for refere

hlue

nce

5.6.2 Tangent of loss angle (tan §)
5.6.2.1 General
SeellEC 60384-1:20162021_6.4_with the details 0f 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 3 x 104,

5.6.2.3 Requirements

The tangent of loss angle as measured in the unmounted state shall not exceed the limit given
in Table 4.
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Table 4 — Tangent of loss angle limits

024

The

refefrence purpose only in further tests.

5.6.
5.6.

Se¢]

5.6.
Prig
Car
mes
insu
5.6.

See]

The

for @& capacitor with a rated voltage below or equal to 1 kV. For Ug > 1 kV the referee volt

sha

The|

For
vall

Nominal Tangent of loss angle (tan &) x 1074
capacitance
. +100 2 ¢ > =750 and SL (1C) | -7502a > -1 500 | a =-1 500
p
CoG u2J
Cy 250 15 20 30
5= Cy<50 1,5 @Jr? 2 @‘F? 3 @‘F?
N N N
C. <5 When the measurement is required the detail specification shall
N specify the limit.

tangent of loss angle as measured in the mounted state in accordance withyGroup 3 is

3 Insulation resistance
3.1 General

IEC 60384-1:20462021, 6.1, with the details of 5.6.3.2 10,5:6.3.4.

3.2 Preparation for test

r to the test, capacitors shall be carefully cleangd\to remove any contamination.

b 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 60384-1:20162021, 6,42, with the following details.

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

| be 1 kV.

insulationresistance (R;) shall be measured after the voltage has been applied for (60 =

el‘ef/insulation resistance is reached.

for

test
The

Ur,
age

5) s.

lot-byrlot testing (Group A) the test may be terminated in a shorter time, if the required

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.

5.6.3.4 Requirements

The

insulation resistance shall meet the following requirements.

Cy <10 nF R, 210 000 MQ

Cy > 10 nF R x Cy2100s
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5.6.
5.6.

See

5.6.

The

NOT
foun

The

For

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

5.6.

The|
5.6.
test

5.6

The|

5.7
5.7.

4.4 Requirement
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4  Voltage proof
4.1 General

IEC 60384-1:20462021, 6.2, with the details of 5.6.4.2 to 5.6.4.4.

4.2 Test conditions

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

E R, is a charging resistor that includes the internal resistance of the voltage source. More information 3
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 currentlimit value ma

4.3 Test voltages

test voltages in accordance with Table 5 shall be applied‘between the measuring poin
3 and Table 3 in IEC 60384-1:20462021, for a period;of 1 min for qualification appr
ng and for a period of 1 s for the lot-by-lot quality ¢enformance testing.

Table 5 — Test.voltages

Rated voltage Test voltage
V \%

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

Ug 21000 1,2 Ug

re shatl~be no breakdown or flashover during the test.

n be

/ be
be

s of
bval

| “‘Temperature coefficient («) and temperature-eyele cyclic drift

1 General

See |IEC 60384-1:20162021, 6.8.3.3, with the details of 5.7.2 to 5.7.4.

5.7.

The

5.7.

2 Preliminary drying

capacitors shall be dried in accordance with 5.2 for 16 h to 24 h.

3 Measuring conditions

See IEC 60384-1:20462021, 6.8.1.2 and 6.8.1.3, with the following details.

The capacitors shall be measured in the unmounted state.
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5.7.4 Requirements

The capacitance deviation at upper and lower category temperature (and at such other
temperatures as may be specified in the detail specification) shall not exceed the limits given
in Table 3.

The temperature cyclic drift shall not exceed the limits given in Table 6.

Table 6 — Temperature cyclic drift limits

rrated-HmH=5H¢ Requirerments—=
+100 2 o > —150 0,3 % or 0,05 pF
CcoG
-150 2 @ > —1 500 and SL (1C) 1 % or 0,05 pF
u2J
a =-1500 2 % or 0,05 pF
a8  Whichever is the greater.

5.8| Shear test
See| IEC 60384-1:20462021, 7.7.

=

A fdrce shall be selected from 1 N, 2 N, 5 N or 10 N-and specified in the detail specificatio

5.9| Substrate bending test
5.9N1 General
Seeg| IEC 60384-1:20162021, 7.8.

Unlgss 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 spetification in case of very robust designs.
— the number of bepds*shall be 1 time,

— {he radius of the bending tool shall be 5 mm,

When the déflection D is 2 mm or less, the radius may be 230 mm.
— the duration in the bent state shall be 5 s.

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

5.9.2 Initial measurement

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

5.9.3 Final inspection

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

The change of capacitance with board in bent position shall not exceed 5 %.
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5.10

Resistance to soldering heat

5.10.1 General

See

5.10

The

5.10.3 Test conditions
5.10.

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

IEC 60068-2-58 with the details of 5.10.2 to 5.10.5.

.2 Initial measurement

capacitance shall be measured in accordance with 5.6.1.

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

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 2Cland maintained for B0 s
to 6 s.

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

Temperature: 260 °C+5°C

Durgtion of immersion: 1M0s+t1s

Dej:h of immersion: 10 mm

Number of immersions: 1

5.109.3.2 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;

d) solder alloy: Sn-Pb;

inless otherwise(specified in the detail specification, the specimen and test substrate g

hall

be preheated to_a temperature of (150 + 10) °C and maintained for 60 s to 120 s in infrared

hnd forced gas ‘convection soldering system;

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

solder’alloy: Sn-Ag-Cu;

hed

tnfessotherwise specifiedimthedetaitspecification; the reflow temperature profitesha

selected from Table 7 and Figure 6;

| be
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Table 7 — Reflow temperature profiles for Sn-Ag-Cu alloy

Alloy composition T, T, 1 T, t, T, 13
°C °C s °C s °C s
Lead-free solder | Test 1 20to 40 at 7, —5-K
150+ 5 180+ 5 120+ 5 220 | 60to90 | 250 o4
(Sn-Ag-Cu) 5°C
Test2 | 15045 | 480=+5 | 420+5 | 220 <60 255 =20-at7,—10-K

A

\i

Y

A

Y

A

Figure 6 — Reflow temperature profile

IEC

f) npumber 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.

5.10.4 Recovery

The|capacitors shall recover for/6 h to 24 h.

The|flux residues shall be removed with a suitable solvent.

5.1Q.5 Final inspection, measurements and requirements

After recovery,sthe capacitors shall be visually examined and measured and shall meet

follgwing reguifements.

Under normal lighting and approximately 10x magnification, there shall be no signs of dam

such+«ascracks. See 5.5.2.

the

age

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.

The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed

the values in Table 8.
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Table 8 — Maximum capacitance change

a rated in 1075/K Requirements?

+100 2 ¢ = 750
COG and U2J
-750 > ¢ = —1 500 and SL (1C) 1% or 1 pF

0,5 % or 0,5 pF

2  Whichever is the greater.

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

5.11.2 Test conditions

5.11.2.1 Solder bath method (applicable to 1608 M, 2012 M and 3216 M)
NOTESee 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 80 °C to 140 °C and maintained for B0 s
to 6 s.

Solder alloy: Sn-Pb Sn-Ag-Cu
Temperature: (235+5)°C (245+5)°C
Durgtion of immersion: (2+£0,2)s (3+0,3)s
Depth of immersion: 10 mm 10 mm
Nuj\ber 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 thickngss of solder deposit shall be specified in the detail specification;
c) the terminations of the specimen shall be placed on the solder paste;

d) solderjalloy: Sn-Pb;

hnless otherwise specified in the detail specification, the specimen and test substrate ghall
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
and forced gas convection soldering system;

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

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

flux residues shall be removed with a suitable solvent.

.4 Final inspection, measurements and requirements

024

The capacitors shall be visually examined under normal lighting and approximately 10x
magnification. There shall be no signs of damage. See 5.5.2.

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

wit

no more than a small number of scattered impprfpr‘tinne such as Ininhnlpe ar unwette

or

de-

The|

5.1%

5.12

This

Se¢]

The

5.12.

The

5.1%

The

Dur

5.12
The

5.12
The

The

vetted areas. These imperfections shall not be concentrated in one area.
detail specification may-preseribe specify further requirements.

Rapid change of temperature
.1  General

test shall be applied only to capacitors for which the category temperature is greater 11
IEC 60384-1:20462021, 8.1, with the details of 5.12.2 to 5(12.5.
capacitors shall be mounted in accordance with 5.4.

2 Initial measurement

capacitance shall be measured in accordance with 5.6.1.

.3 Number of cycles

number of cycles: 5.
btion of exposure at the temperature limits: 30 min.

.4 Recovery

capacitors shall recover for 6 h to 24 h.

.5 Final inspection, measurements and requirements

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

capacitance shall be measured in accordance with 5.6.1 and the change shall not exd

alue in Table 9

=

°C.

eed

the

Table 9 — Maximum capacitance change

a rated in 107%/K Requirements?
+100 2 o 2 =750
1% or 1 pF
C0G and U2J
-750 > a 2 -1 500 and SL (1C) 2 % or 1 pF
a8  Whichever is the greater.
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5.13 Climatic sequence
5.13.1 General
See IEC 60384-1:20162021, 8.2, with the details of 5.13.2 to 5.13.7.

5.13.2 Initial measurement

The capacitance shall be measured in accordance with 5.6.1.

5.13.3  Dry heat

See| IEC 60384-1:20162021, 8.2.3.

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

5.13.5 Cold
See| IEC 60384-1:20162021, 8.2.5, with the following details.

The| capacitors shall be visually examined. There shall be nolvisible damage.

5.13.6 Damp heat, cyclic, Test Db, remaining cycles
5.13.6.1 General
Seeg| IEC 60384-1:20162021, 8.2.7, with the details of 5.13.6.2 and 5.13.6.3.

5.13.6.2 Test conditions

No Yoltage applied.
The|remaining cycles shall be fested in accordance with Table 10.

Table 10 — Number of damp heat cycles

Category No. of cycles of 24 h
-/-156 5
-l=121 1
-/-1710 1
-/—-104 0

5.13.6.3 Recovery

The capacitors shall recover for 6 h to 24 h.

5.13.7 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 11.
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Table 11 — Final inspection, measurements and requirements

Measurement Measurement and o rated and (Subclass) Requirements
conditions
Capacitance 5.6.1 +100 =2 o 2 -750 (1B) Capacitance change
COG and U2J <2%or1pF?@
-750 > a 2 -1 500 (1F) Capacitance change
SL (1C) <3%or1pF?
Tangent of loss angle 5.6.2 All as and subclasses < 2x value in the table of 5.6.2
Insulation resistance 5.6.3 All as and subclasses R,2 2500 MQ or R, x C 2 25|s b
NOJTE See 4.2.5 for an explanation of the subclass codes.
a8 |Whichever is the greater.
b |Whichever is the lower.

5.14
5.14

Seg]

The

5.14.

The

5.14
No

The|
be s

The
spe

Damp heat, steady state
.1 General
IEC 60384-1:20462021, 8.3, with the details of 5.14.2 te'6714.5.

capacitors shall be mounted in accordance with 54.

2 Initial measurement

capacitance shall be measured in accordance with 5.6.1.

.3 Test conditions

oltage shall be applied, unless-otherwise specified in the detail specification.

severity of the test should-be selected from the test conditions as shown in Table 12
pecified in the detail specification.

duration time should be selected in accordance with 4.1 and shall be specified in the d
cification.

Table 12 — Test conditions for damp heat, steady state

and

btail

Severity Temperature Relative humidity
°C %
1 +85 £ 2 85+3
2 +60 + 2 933
3 +40 + 2 93+3

When the application of voltage is-preseribed specified, Ur shall be applied to one half 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 accordance with

5.6.

4 shall be carried out, but with the rated voltage applied.


https://iecnorm.com/api/?name=42d2de9b9485a5a282c5dccfecdce24c

IEC 60384-21:2024 CMV © IEC 2024 - 27 -

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.

5.14.4 Recovery

The capacitors shall recover for 6 h to 24 h.

5.14.5 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 13.

Table 13 — Final inspection, measurements and requirements

Measurement Measurement and a rated and (Subclass) Requirements
conditions
Capacitance 5.6.1 +100 2 o 2 -750 (1B) Capacitance changs
COG and U2J <2%or1pF?
=750 > a 2 -1 500 (AF Capacitance changg
SL (1C) <3%or1pF?a
Tangent of loss angle 5.6.2 All as and{subclasses < 2x value in the tabld of
5.6.2
Insulation resistance 5.6.3 All@syand subclasses R, 22500 MQ or
RxCy225sP
NOJTE See 4.2.5 for an explanation of the subclass codes:
a8 |Whichever is the greater.
b [Whichever is the lower.

5.1 Endurance
5.1.1 General

Seeg| IEC 60384-1:20462021, 8.5, with the details of 5.15.2 to 5.15.5.
The| capacitors shall be mounted in accordance with 5.4.

5.15.2 Initial measurement

The| capacitance shall be measured in accordance with 5.6.1.

5.15.3 Test conditions

If the category voltage is equal to the rated voltage, the capacitors shall be tested as in Table 14.

Table 14 — Endurance test conditions (U = Ug)

Ug Uy < 200 200 < U, = 500 Ug > 500
Temperature Upper category temperature
Voltage (DC) 1,5 Uy 1,3 Ug 1,2 Ug
Duration 1000 h 1500 h 2000 h
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Table 15.
Table 15 — Endurance test conditions (Ug # Ug)

Ug Ug < 200 200 < Uy = 500 Ug > 500
Temperature T Tg Ts Tg T Tg
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 2000h
Sample Divided into two parts Divided into two parts Divided into two parts

r T Rated temperature.

F Upper category temperatures > 85 °C, such as 100 °C, 125 °C and 150 °C.

5.18.4 Recovery

The| capacitors shall recover for 6 h to 24 h.

5.18.5 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 16.

Table 16 — Final inspection, measurements and requirements

Measurement Measurement and a'rated and (Subclass) Requirements
conditions
Capacitance 5.6.1 +100 2 ¢ 2 -750 (1B) Capacitance change
CO0G and U2J <2 % or 1 pF?
-750 > a 2 -1 500 (1F) Capacitance change
SL (1C) <3 % or 1 pF?
Tangent of loss angle 5.6.2 All as and subclasses < 2 x value in the table of 5.6
Insulation resistance 5.6.3 All as and subclasses R, 24000 MQ or
R x C\ 240 sP

NO[TE See 425 for an explanation of the subclass codes.

a8 |Whichever is the greater.

\Whichever is the lower.

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.

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

e TestUay: force: 2,5 N;

e Test Ub, Method 1: force: 2,5 N;
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e number of bends: 1.
5.16.3 Final inspection and requirements

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

5.17 Component solvent resistance (if required)

See |IEC 60384-1:20162021, 9.4.

5.18_Solvent resistance of the marking (if required)
See| IEC 60384-1:20162021, 9.5.

5.19 Accelerated damp heat, steady state (if required)
5.19.1 General
See| IEC 60384-1:20162021, 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 60384-1:20462021, 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 k@, with a relative tolerance of 10 %.

5.19.2 Initial measurement

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

The| insulation resistance, including the $eries resistor, shall meet the requirements given in
Tabje 17.

Table 17 — Initial requirements

Mgasurement Measuring Requirements
conditions

< TR 2
Connested to Cy <10 nF: R, 2 10 000 MQ

_ 100 kQ resistors | ¢ > 10 nF: (R, — 100 kQ) x Cy, 2 100 s
nsulation :

resistance

(l,5 T 0, ) \Y
Co ected to ¢ Co

6.8 kQresistors | ¢ > 10 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 18. The voltage given in Table 18
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.

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.
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Table 18 — 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 Ug, whichever is the lower, or the voltage specification
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 6 h to 24 h in standard atmospheriic conditjons
for festing.

5.19.5 Final measurements

The| capacitors shall be measured for insulation resistance, as in 5.19:2.

Thel| insulation resistance, including the series resistor, shall-be-greater than 0,1 times|the
valyes given in 5.19.2.

6 [Marking

6.1 General

Seeg| IEC 60384-1:20462021, 4.3, with the detaijls of 6.2 to 6.6.

6.2| Information for marking

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

— fated voltage (DC veltage may be indicated by the symbol: -~ [IEC 60417-5031(2002-10)]
or —);

— f{olerance on nominal capacitance;

— {emperature~coefficient and its tolerance as applicable (in accordance with 4.2.5) or
A\nnex B;

— 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.

6.4 Requirements for marking

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

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

in 6
6.6
Any
7

71
The|

2.

Additional marking

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

Information to be given in a detail specification

General

detail specification 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-listg

1.9-pf-the-detail-specification-and indicated in the test schedules, for example by an asteris

The

The|
sho

7.2
The|

information given in 7.2 may be presented in tabular form if mere convenient.

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

Outline drawing and dimensions

re shall be an illustration of the capacitors as-an aid to easy recognition and for compar

of the capacitors with others.

Dim

lensions and their associated tolerancés, which affect interchangeability and mounting, s

be given in the detail specification. All.dimensions shall be stated in millimetres; however, W

the

briginal dimensions are given in_inches, the converted metric dimensions in millimetres 3

be added.

Nor
nec
cov

bssary, for example when a number of items (sizes and capacitance/voltage ranges)
bred by a detail specification, the dimensions and their associated tolerances shal

pladed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state 5

dim

7.3

ensionalinformation as will adequately describe the capacitors.

Mounting

d-in
k.

bted

son

hall
hen
hall

mally the numerical valdes shall be given for the length, width and height of the body. When

are
be

uch

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
7.4

Rating and characteristics

1 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.

7.4

The

2 Nominal capacitance range

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

7.4.3 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-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 €apacitor 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 firihg of the dielectric-electrode assenibly.

8.2 | Structurally similar components

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

8.3 | Certified records of released\lots

The| information required in IEC'60384-1:20462021, Q.1.5, shall be made available when
pregeribed specified in the defail specification and when requested by a purchaser. After| the
endprance test, the paraméters for which variables information is required are the capacitgnce
chapge, tan ¢ and the insulation resistance.

8.4 | AQualification approval
8.4.1 General

The| procedures for qualification approval testing are given in I[EC 60384-1:20162021, Clquse
Q.2

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

8.4.2 Qualification approval on the basis of the fixed sample size 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
or-may-net be different from the complete range covered by the detail specification.
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For each temperature coefficient, 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 coefficient. Where the total range
consists of fewer than four values, the number of specimens to be tested shall be that required
for four values. When approval is sought for more than one temperature coefficient, see 8.4.3.

In case 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
numbers may be reduced accordingly.

When additional groups are introduced into the qualification approval test sechedule, the number
of specimens required for Group 0 shall be increased by the same numper as that requireq for
the pdditional groups.

TabJe 4 gives the number of samples to be tested in each greup’/or subgroup together with| the
number of permissible non-conformances for the qualification*approval test.

8.4.3 Tests

The|complete series of tests specified in Table 19 _and Table 20 are required for the apprpval
of capacitors covered by one detail specification. The tests of each group shall be carried| out
in the order given.

The|[ whole sample shall be subjected toithe tests of Group 0 and then divided for the other
groups.

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

"Ong non-conforming item" is counted when a capacitor has not satisfied the whole or a paft of
the fests of a group.

When approvalts sought for more than one temperature coefficient at the same time, the |test
schedule and<sample size required for the smallest temperature coefficient are thos¢ of
Gropps 1,.2.and 3. For each additional temperature coefficient, the testing is limited to the tgsts
and|sampje sizes as specified for Subgroup 3.3 and Group 4.

The approval is decided on an individual temperature coefficient basis in accordance with the
permissible number of non-conforming items indicated in Table 4. In order to calculate the total
actual non-conforming items for temperature coefficients other than the smallest, the non-
conforming items in Groups 1, 2 and 3 for the smallest temperature coefficient are added to the
non-conforming items in Subgroup 3.3 and Group 4 for that particular temperature coefficient.

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

Table 19 and Table 20 together form the fixed sample size test schedule. Table 4 includes the
details for the sampling and permissible non-conforming items for the different tests or groups
of tests. Table 5 together with the details of the test contained in Clause 8 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.
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The conditions of test and performance requirements for the fixed sample size test schedule
shall be identical to those-prescribed specified in the detail specification for quality conformance

inspection.
Table 19 — Fixed sample size test plan for qualification approval
Assessment level EZ
Group Test S_ubclau_se 9f Num_ber of Permissible
No. this publication specimens number of
n® nonconforming
items
C
D Visual examination 5.5
Dimensions 5.5 132 + 24f 0
Capacitance 5.6.1
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 Solderability 5.14 12 0
Solvent resistance of marking® 518
P Substrate bending test? 5.9 12 0
qa Mounting 5.4
Visual examination 5.5 84 + 24f oc
Capacitance 5.6.1
Tangent of loss angle 5.6.2
Insulation resistance 5.6.3
Voltage proof 5.6.4
31 Shear testh 5.8 24 0
Rapid change of temperature 5.12
Climaticsequence 5.13
3.2 Damp/heat, steady state 5.14 24 0
3.3 Endurance 5.15 36 0
3.4 Accelerated damp heat, steady 5.19 24f 0
stateP
4 Temperature coefficient and 5.7 12 0
temperature-cyele cyclic drift
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2 The values of these measurements serve as initial measurements for the tests of 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.

9 Applicable to capacitors with strip terminations.

h 1ot aonl . eaaidl oteio £opooio oo o
Table 20 — Tests schedule for qualification approval
and specimens
number-of
{see NOTE 1) non-
conforming
items{¢)
GRpUP-6 NB See-Table4
851 Visual As-in85:3
Legible-marking-and-as
spes_ﬁ_edl the-deta
8 5| Dimension See the detail specification
tdefai
8612 Tangentof Frequeney-and-Measuring As-in-8-6-23
————angle (tan o)
B e e —rasthed
a6 \ ¢ . . ification f ! ‘
the method
GRpPUP-1A b See Table 4
8-46—Robusthess—of TestUa, Force2:5-N
o
—— Numberof
bendst
\ ! .
81402 Initial Capacitance
R
8 10 R - ) ification f
cebdoine e et
Recovery: 6-hto24-h
Capacitance As-in-8-10-5
solvent )
it .
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;n:; (see NOTE- 1) IW (see NOTE-1)
(see NOTE 1} non-
conforming
items (¢)
GROUP-1B B Sootablet
o S . S . ification £
e bneet
8—1—1—4—F—|-Ha—|—. T j lvl-l-SHa-l—e*a-H:}‘l-F}a—t-l-On-. j j A—S—m—844—4. T O
—measyraments
rarking Method 1 S
wool '\00
GRrRbuP 2 D SeeTable4 | Q)
measurement ;\\
S Capscitance twitprined |, O bacietess
Visual-examination Q No-visible-damage
GRPUP-3 B S\Q\'\ See Table 4
8.4  Mounting Subslrate matedial—
N . %25 ; As in-8.5.3
e . e Withi ifi
Nbitage proot No-breakdown-orflashovel
GRPUP-3.1 B . See Table 4
8—1——3‘-?@é o= lespenlossn
o
O Fg=Uppercategory
\Q/ B—tempe#a&u%e
Five cycles
Duration—+, =30-min
Eromesinm et Db
measurements ) .
Capacitance Asin 8.12.5
sequence
B e
category temperature
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;"; (seo NOTE 1) E'QWE crmens (see-NOTE 1)
number of
{see- NOTE-1) non-
s«_;n@e#ming
Lemete
eyeche;
——test Db first
cyele
N - ! . C
oyctie, test Db, Q
romaining %
eycles .’"\’
GRpUP-3-2 b
e
Headysise <
$ X X
GRPUP 3.3 D C}V See Table 4
8-4p—Endurance oL Duration——h
C) Voltage——\/
%{535 isdal-examinatio Jg.'Sbee'a. age
N Capashanss As—+-8-45-5
Group-3-4 al See Table4
(if required) Humidity: (85+3) % RH
B
Group-4 ND See Table 4
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NO] D= ; = ;
\\
)
a_frn; ) )
b—WMhan diffarent substrate matarials are usad for the individual subaroun _tha detail chnhifi(\aﬁnr\eq indidate
When-different substrate-materials-are-used-for the-individual-subgroup; detail-specificationshall-indidat

. g . . ,-\q/

Test Conditions of test D or ND n ‘ c b" v Performance
requirements
(see NOTE 1) (see NOTE 1) (see (see T 5113 ) q
NOTE 2) (.6 (see NOTE 1)
O
GRQUP 0 ND %Table 19
5.5 Visual \Q/ As in 5.5.3
. N
examination ‘\

Legible marking and as
specified in the detdil

2QQ specification

5.5 Dimension (detail) \< See the detail
&0\ specification
5.6.0 Capacitance Frequency: ... Hz %) Within specified
) tolerance
Measuring voltage:V
5.6.p Tangent of loss Frequency and M ring As in 5.6.2.3
angle (tan ) voltage same as&hq 5.6.1
56  Insulation See detail sgietification for the Asin 5.6.3.4
resistance method N\~
5.6.4 Voltage proof Se@ml specification for the No breakdown or
et flashover
GROUP 1A ’ D See Table 19

N\
5.16 Robustness (9 Test Ua1, Force:2,5 N

terminatio

(if applic@ﬁ’ Test Ub, Method 1,
Force:2,5 N

Number of bends:1

i Visual examination No visible damage

5.1C.®nitial Capacitance

measuramant

5.10 Resistance to See detail specification for the
soldering heat method

Recovery: 6 hto 24 h

5.10.5 Final inspection, |Visual examination As in 5.10.5
measurements

and requirements | Capacitance As in 5.10.5

5.17 Component Solvent: ... See detail specification
solvent resistance

(if required) Solvent temperature:

Method 2

Recovery: ...

GROUP 1B D See Table 19
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Test
(see NOTE 1)

Conditions of test

(see NOTE 1)

D or ND

(see

n c

(see Table 19)

Performance
requirements

NOTE 2) (see NOTE 1)
5.1 Solderability See detail specification for the
method
5.11.4 Final inspection, |Visual examination Asin 5.11.4
measurements
and requirements
5.18 Solvent Solvent: ... Legible marking
resistance of the )
markingd Solvent temperature: ...
(if required) Method 1 Y
Rubbing material: cotton wool C)®
Recovery: ...
A
GRQUP 2 D See Table 19 QV
5.9 Substrate bending | Deflection: ... 3{90 etail specificajion
test Number of bends: ... (l/
5.9.p Initial Capacitance b"
measurement (§)
5.9.B Final inspection Capacitance (with printed board (t)Q lacicl <5 %
in bent position) C) No visible damage
Visual examination o
GRQUP 3 D & [See Table 19
5.4 Mounting Substrate material: ...° Q )
Visual examination < Q As in 5.5.3
Capacitance \2 Within specified
G\Q\ tolerance
Tangent of loss angle %) As in 5.6.2.3
Insulation resistance \\g\ As in 5.6.3.4
Voltage proof $ No breakdown or
‘\\Q flashover
GROUP 3.1 Oﬂ D See Table 19
5.8 Shear test Visual e@nation No visible damage
5.14.2 Initial Cap dice
measurement
5.12 Rapid change of $A = Lower category
temperature @» emperature
O Ty = Upper category
@’ temperature
Five cycles
PO Duration ¢,= 30 min
C) Recovery: 6 hto 24 h
5.14.5\MFinal inspection, |Visual examination No visible damage

measurements
and requirements

5.13 Climatic sequence

5.13.2 |nitial
Measurement

5.13.3 Dry heat

5.13.4 Damp heat,
cyclic, test Db,
first cycle

5.13.5 Cold

Capacitance

Capacitance

Temperature: upper category
temperature

Duration: 16 h

Temperature: lower category
temperature

Duration: 2 h

AC/C: asin 5.12.5
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Test
(see NOTE 1)

Conditions of test

(see NOTE 1)

D or ND

(see

n c

(see Table 19)

Performance
requirements

NOTE 2) (see NOTE 1)
Visual examination No visible damage
5.13.6 Damp heat, Recovery: 6 h to 24 h
cyclic, test Db,
remaining cycles
5.13.7 Final inspection, |Visual examination No visible damage
measurements Legible marking
and requirements | capacitance ACIC: as in 5.13.7
rdarygerit Orioss digie AS ill a.io./
Insulation resistance As in 5.13.7 A\A
)
GRQUP 3.2 D See Table 19 C)\
5.14 Damp heat, b&
steady state Qq/
5.14.2 Initial Capacitance '\’(J/
measurement
Recovery: 6 h to 24 h fl/
5.14.5 Final inspection, |Visual examination (b%b‘ No visible damage
measurements ) )
and requirements ('OQ Legible marking
Capacitance C) AC/C: as in 5.14.5
Tangent of loss angle s\\% As in 5.14.5
Insulation resistance ) O As in 5.14.5
GROQUP 3.3 Q\% See Table 19
5.15 Endurance Duration: ... h \\<2
Temperature: ...°C \0’
Voltage: ...V %
NN
5.14.2 Initial Capacitance $
measurement .
Recovery: 6 h t&@h
5.19.5 Final inspection, |Visual exarg{'@tion No visible damage
measurements . .
and requirements . c\}“ Legible marking
Capa \amce AC/C: as in 5.15.5
Téngent of loss angle As in 5.15.5
§%sulation resistance As in 5.15.5
Q
GROQUP 3.4 U D See Table 19
5.19 Accele &iamp Duration: ... h
heat dy state ) .
(ifé red) Temperature: (85 £ 2) °C
Q Humidity: (85 + 3) % RH
5.19.2\anitial Insulation resistance As in 5.19.2
measurement
5.19.5 Final Recovery: 6 h to 24 h As in 5.19.5
measurement ) )
Insulation resistance
GROUP 4 ND See Table 19
5.7 Temperature Primary drying: 16 h to 24 h AC/C:asin5.7.4

coefficient (a) and
temperature cyclic
drift
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Performance
requirements

(see NOTE 1)
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Test Conditions of test D or ND n c
(see NOTE 1) (see NOTE 1) (see (see Table 19)
NOTE 2)
NOTE 1 Subclause numbers of test and performance requirements refer to Clause 5.
NOTE 2 In this table: D = destructive, ND= non-destructive.

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

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

which substrate material is used in each subgroup.
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Annex A
(normative)

Guidance for the specification and coding of dimensions of fixed surface
mount multilayer capacitors of ceramic dielectric, Class 1

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 "
T
y
IEC
Dimgnsion  should not exceed dimension L,.
Dimgnsion H should not exceed dimension W.
If negessary, the thickness of tinning should be\specified.
Eigure A.1 — Dimensions
Table A.1 — Dimensions
Code Length Width Ly L, 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
OPOSM 0,6 + 0,03 0,3 +0,03 0,1 0,2
1b05M 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 4,5+0,3 3,2+0,2 0,3 2,0
5750M 5,7+0,4 5,0+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
(informativenormative) 4

Combination of temperature coefficients and tolerances
for the reference temperature of 25 °C

Table B.1 — Combination of temperature coefficients and tolerances
for the reference temperature of 25 °C

Permissible relative variation in capacitance (in parts per
Temperature
Qode of coefficient and 1 000 between 25 °C and given temperature
temperature the tolerance
copfficient Lower category temperature Upper category temperature
and
a Tolerance
toferance -55°C | -40°C | =25 °C | =10 °C | +70°€’| +85 °C | +100 °C | +12§°C
107%/K | 1078/K
-2,40/ | -1,95/ | -1,50/ | -1,05(\( ~1,35/ | -1,80/ | -2,25/ -3,00/
coc 0 +30 581 | 472 | 363 | 254 N 135 | 1,80 | 2.25 3.do
50,4/ 41,0/ 31,5 221/ -39,2/ | -52,2/ -65,3/ -87(o/
uzJ -750 120 878 | 71,3 | 1549¢N%884 | -284 | -37.8 | -47.3 | -63,0
o =|nominal temperature coefficient
NOJFE COG and U2J (Code of temperature coefficient agé/tolerance), see EIA-198-1-F.



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

Quality conformance inspection

Formation of inspection lots

1 Groups A and B inspection

024

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)

C.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 saniple, 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

C.2

The|

C.3

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

be
insp

led 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 givgn in

Clatise2-of the-blank-getail-specification Table C.3 and Table C.4.

hall

C4

Assessment levels

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

| ) EZ

Inspection subgroup La n? ®
20 100 %P
A1 S-4 ‘ °
A2 S-3 ‘ °
B1 -3 : °
an S.2 L o

a8 |IL = inspection level
= sample size
c = permissible number of non-conforming items

b [The inspection shall be performed after removal of nonconforming items by 100 % tésting during |the
manufacturing process. Whether the lot was accepted or not, all samples for sampling inspection shall| be

inspected in order to monitor outgoing quality level by nonconforming items per millidn! (x 107).

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

In the case where one or more nonconforming items occur in a sample, thig lot shall be rejected, but all rjon-
conforming items shall be counted for the calculation of quality level values. Outgoing quality level by non-
conforming items per million (x 107%) values shall be calculated by accumilating inspection data in accordahce
with the method given in IEC 61193-2:2007, 6.2.

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

4 [The content of the inspection subgroup is described in-Clause.2 of the relevant blank detail-specification Tqble
C.3.

Table C.2 — Periodic-tests inspection

EZ

Inspection subgroup® 5 e @
c 3 12 0

c2 3 12 0

C3.1 6 27 0

c3.2 6 15 0

c3.3 3 15 0

C3.4C 6 15 0

C4 6 9 0

2 |p periodicity in months

p=sample sjze

¢ = permissible number of non-conforming items

b The content of the inspection subgroup is described in-Clause—2 of therelevant blankdetails—specification
Table C.4.

¢ If required.

C.5 Test schedule for quality conformance inspection |5

For quality conformance inspection, the test schedules given in Table C.3 and Table C.4 include
sampling, periodicity, severities and requirements. The formation of inspection lots is given in
Clause C.1.



Clause C.5 has been added to Annex C to include the test schedule for quality conformance inspection. This previously has been the content of the blank detail specification IEC 60384-21-1, which is intended to be withdrawn. Now this standard contains the complete information for the qualification of the capacitors.
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Table C.3 — Test schedule for quality conformance inspection (lot by lot)

Lot-by-lot tests

Test? Conditions of test® D or ND ILe ¢¢ | Performance
requirements
Group A0 [100 % tests]
56.1 Capacitance Frequer_]cy: ... Hz Within
Measuring voltage: ... V r.m.s ND 100 % specified
tolerance
5.6.2 Tangent of loss angle Frequency and measuring As in 5.6.2
(tan 9) voltage same as in 5.6.1
563 Insulation resistance See detail specification for Asin 5 Q
the method
564 Voltage proof See detail specification for No ankdo n
the method ob{lashover
Grqup A1 [Sampling tests] nQ)V
55[2  Visual examination ND s-4c N0"| Asin 552
a Legible
b" marking and
Q) as specified|in
Q;b the detail
Q) specification

Grdup A2 [Sampling tests] &C}

42ls Dimension’ D s-3¢ | 0 | See the dethi
specificatiof

Va4
Grqdup B1 [Special tests] <§<
5.1 Solderability See detail speaflcatlor@?’ D 5-3¢
the method \
51f 4  Final inspection, Visual exammatlo?\V Asin 5.11 4
measurements and
requirements s{(\
51B Solvgnt resistance of the | Solvent: .. Legible
marking Solvent perature: ... marking
(if required)® Meth

Rupking material: cotton
. (\Recovery: ...

Grdup B2 [Special tests] C\\

57 Temperatur.e co.e icient ND g.0¢ 0 AC/C: As in
(a) and cycllch\ 5.7.3

2 |Applicable tests, @gonditions, requirements and clause numbers as selected from this document.

The informati@&en in Table C.3 shall provide a suitable overview of the most relevant parameters of epch
all not take precedence over any more detailed specification given in a respective claus¢ of

test howev%
this spec@ ion or in a cited normative reference.

¢ |Refe able C.1 for lists of symbols and of abbreviated terms.

d A@ 0 % measurement and removal of nonconforming items, a re-inspection shall be performed in ordef to
itor the outgoing quality level. in accordance with the detail specification. A lot shall be rejected if on¢ or
more non-conforming items occur in a sample during re-inspection.

¢ Inspection levels are selected from IEC 611932-2:2007.

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

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

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

Periodic tests

Performance

a iy b c c c
Test Conditions of test D€ or ND n c requirements
Group C1"
5.16 Robustness of Test Ua, Force: 2,5 N 12 | od
Termination (only for
capacitors with strip Test Ub, Method 1, Force: 2,5 N D
terminations)
Number of bends: 1
Visual examination No visible
damage
5.19.2 Initial measurement Capacitance
5.1p Resistance to See detail specification for the
soldering heat method
Recovery: 6 hto 24 h
5.19.5 Final inspection, Visual examination As in 5.10.9
measurements and ) ) ]
requirements Capacitance As in 5.10.
5.1y Component solvent Solvent: ... See detail
resistance (if ] specificatioh
required) Solvent temperature: ...
Method 2
Recovery: ...
Grqup C2 " \‘
p 1‘\\
5.9 Substrate bending Deflection: ... D 12 | o9 | See detail
test © specificatioh
Number of berds: ...
5.9|2 Initial measurement Capacitance
5.913 Final inspection Capagitance (with printed board AC/C£5 %
inbent’position)
\ASual examination No visible
damage
Grqup C3 " @ . D
5.4 Mounting Substrate material: ...
Visual examination As in 5.5.3
Capacitance Within
specified
tolerance
Tangent of loss angle Asin5.6.23
Tnsulation resistance Asin 5.6.3.4

Voltage proof

No breakdown
or flashover
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Periodic tests

Performance

a i b c c c
Test Conditions of test D€ or ND n c requirements
Group C3.1" D
J -
58 Shear test 9 Visual inspection 27| 0% | Novisible
damage
5.12.2 | Initial measurement Capacitance
5.12 Rapid change of T, = Lower category
temperature temperature
Ty = Upper category
temperature: five cycles
Duration ¢, = 30 min
Recovery: 6 h to 24 h
5.1R.5 | Final inspections, Visual examination No visible
measurements and damage
requirements : .
Capacitance AC/C: As in|
5.12.5
5.1B.2 | Initial measurement Capacitance
5.1B.3 | Dry heat Temperature: upper category
temperature
Duration: 16 h
5.1B.4 | Damp heat, cyclic,
test Db, first cycle
5.1B.5 | Cold Temperature: lower category
temperature
Duration: 2 h
Visual inspectign No visible
damage
5.1B.6 | Damp heat, cyclic, Recoverys6'h to 24 h
test Db, remaining
cycles
5.1B.7 | Final inspections, Wistal examination No visible
measurements and damage,
requirements Legible
marking
Capacitance AC/C: As in|
5.13.7
Tangent of loss angle As in 5.13.1
Insulation resistance As in 5.13.1
Grqup €3.2"
5.14 Damp heat, steady D 15 | od
state
5.14.2 | Initial measurement Capacitance
Recovery: 6 hto 24 h
5.14.5 | Final inspections, Visual examination No visible
measurements and damage,
requirements Legible
marking
Capacitance AC/C: As in
5.14.5
Tangent of loss angle As in 5.14.5
Insulation resistance As in 5.14.5
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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 C3.3 " D
5.15 Endurance Duration: ...h 3115 | od
Temperature: ...°C
Voltage: ...V
5.15.2 | Initial measurement Capacitance
Recovery: 6 hto 24 h
5.1 5T Fmarmspections, VisTatrexammiTation Novisiht
measurements and dama S&
requirements Leai
markihg
Capacitance qék/c: As in
Q, .15.5
Tangent of loss angle h’q/ As in 5.15.4
¢
Insulation resistance ﬂ/ As in 5.15.1
Grqup C3.4 " D Q:
5.1p Accelerated damp Duration: ... h cgb 15 | od
?:(?J}rsetde)ady state (if | Temperature: (85 £ 2) °C ©
Humidity: (85 + 3) % %C)
5.1P.2 | Initial measurement Insulation resistance $\\ As in 5.19.1
Recovery: 6 h to 24 h Z, o)
- - - \4 ) )
5.1P.5 | Final measurements Insulation resistance AQ As in 5.19.
Grqup C4 " \\\< ND
5.7 Temperature Preliminary drying: 16\%)0 24 h 6 9 | 09 | AC/C: As in
coefficient (a) and (%) 5.7.3
cyclic drift ,{(\

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

The information given in Table C.4 shaU:g\ovide a suitable overview of the most relevant parameters of e
test, however shall not take precedm over any more detailed specification given in a respective claus
this specification or in a cited nor{L' reference.

Refer to Table C.2 for lists of %Sﬁ,bols and of abbreviated terms.

If one non-conforming item E} tained, all the tests of the subgroup shall be repeated on a new sample
then no further non-conforming items are permitted. Release of product may continue during repeat testin

Not applicable to ¢ ors, which, in accordance with the detail specification, shall only be mounted
alumina substrateg-

The capacitors fQund non-conformances after mounting shall not be taken into account when calculating
s for the following tests. They shall be replaced by spare capacitors.

non- conforg~
p i@ to capacitors with strip terminations
()

No
All the sub-group shall be repeated if one or more nonconforming item is obtained. No non-confornj
it e permitted in the repeat testing. Release of products may continue during repeat testing.

bch

hnd

on

the

ing

t ap
t
\V
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Annex X
(informative)

Cross-reference for reference to IEC 60384-21:20442019

IEC 60384-21:2024 CMV © IEC 2024

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 60384-21:20412019.

Table X.1 — Reference to IEC 60384-21 for clause/subclauseannex

3nd edition

Clause/Annex

4th edition

Clause/Annex

Notes

. 2M o dition 3" odition Notes
Sevesloulbelones Clovesltulelones
4+ . ) ) ) R
1 1 %MMW&#WM&W%WW € g
d-2
13 2 In-accordance-with- 1SO/HEC Directives Part 2
14 4 tn-accordance with-the change-of-clause numbers
15 3 In-accordance with 1SO/IEC Directives Part-2
1.6 =3 In-accordance with-the change of clause numbers
2 6 leteeornme i s s e sl s b e
3 A In accordance with the change of clause numbers
4 8 In-accordance with the change of clause numbers
IEC 60384-21:2019 IEC 60384-21:2024

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 C1toC.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

(“hangpr{ from informative to normative

C.5

Newly added. Modified from IEC 60384-21-1:2004, Clause 2

Annex X

Annex X

No change

Table X.2 indicates the new figure and table numbers with respect to IEC 60384-21:20412019.
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Table X.2 — Reference to IEC 60384-21 for figure/table

Ei ITabl Fi Tabl
Table6a Table 6 n-aceordance-with-the ISOUEC directives._Part2 andthe
Table 8b Table7 choms e bl b
Table 7-to-Table- 24 Table 8-toTable 22 | Inaccordance with-the-change of table-numbers

C 60384-21:2019
3rd edition

Figure/Table

IEC 60384-21:20xx
4th edition

Figure/Table

Notes

1

able 1 to Table 3

Table 1 to Table 3

No change

—

bble 4 and table 5

Table 19 and Table 20

In accordance with the change of tableshumbers

—

hble 6 and Table 7

Table C.1 and Table C.2

In accordance with the change-of(table numbers

Table C.3 and Table C.4

Newly added. Modified fronm.}EC 60384-21-1:2004, Table

Thble 8 to Table 22 Table 4 to Table 18 In accordance with the ¢hange of table numbers
Table A.1 Table A.1 No change
Table B.1 Table B.1 Updated
Table X.1 and Table X.2 | Table X.1 and Table X.2 | No change

For

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

1  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.

2 This is the most important change in this new edition. The addition of the reference
temperature 25 °C became necessary to include the temperature coefficients COG and
U2J, which are specified in EIA-198-1 and are very common in the market. With this
extension, the requirements 10 thoSEe capacitors are now precisely given in this stangard
and included in Clause 5. See Annex B for details.

3 |With this change temperature coefficients specified in EIA-198-1 are included,

4 |With this change of Annex B from “informative” into “normative” capacitors specified in
accordance to EIA-198-1 are formally included in this standard.

5 |Clause C.5 has been added to Annex C to include the test schedule fof quality conformgnce
inspection. This previously has been the content of the blankdetail specification [IEC
60384-21-1, which is intended to be withdrawn. Now this standard contains the comp|lete
information for the qualification of the capacitors.
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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 Specificatiors, Fechnical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEChPublication(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

b)

numbers;

the terms have been replaced by the letter symbols in Table 3;
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c) code of temperature coefficient and tolerance of COG, U2J have been added in Table 4,

Table 6, Table 8, Table 9, Table 11, Table 13, Table 16 and Annex B;

d) the requirement in 5.5.2(visual examination) has been repeated in 5.9.3, 5.10.5, 5.11.4,

e)
f)

5.11.4,5.13.7, 5.14.5 and 5.15.5;
the deflection D in the very robust designs has been added in 5.9.1;

Annex B has been changed informative into normative;

g) Clause C.5 (Test schedule for quality conformance inspection) has been newly added to

withdraw the blank detail specification: IEC 60384-21-1.

1 £l
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Full
the

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

Draft Report on voting

40/3119/FDIS 40/3138/RVD

Aabove table.

information on the voting for its approval can be found in the report on'voting indicatgd in

Thig document was drafted in accordance with ISO/IEC Diréctives, Part 2, and developed in

acc

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC

des

A ligt of all parts in the IEC 60384 series, published under the general title Fixed capacitor.

use

The

spe

prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avail

cribed in greater detail at www.iec.ch/publicationg:

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

Cific document. At this date, the document will be

econfirmed,
vithdrawn, or

evised.

hble
are

5 for

committee has decided that the conténts of this document will remain unchanged until| the
stahility date indicated on the IEC website under webstore.iec.ch in the data related to

the
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1

Scope

This
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for hybrid circuits.
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pacitors of ceramic dielectric with a defined temperature coefficient (dielectric~-Class
hded for use in electronic equipment. These capacitors have metallized connecting pad
ering strips and are intended to be mounted on printed boards, or directly onto substr

60384-14.

part of I[EC 60384 is applicable to fixed unencapsulated surface mount muItiIzLyer

1),
s or
tes

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

60384-1:2021 the appropriate quality assessment procedures, tests and meas

hods and to give general performance requirements for thistype of capacitor. Test sever
requirements specified in detail specifications referring to this document provide spe
severities and requirements of an equal or higherperformance level. Further informag
he conception of generic, sectional and detail spegifications can be found in the Introduc
FC 60384-1:2021.

Normative references

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.

60068-2-58, 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)

60384-1:2021, Fixed capacitors for use in electronic equipment — Part 1: Gen
Cification

64193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling p

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

ring
ties
cific
tion
tion

following documents are referred 1&Zin the text in such a way that some or all of their content

es.
any

for
ting

eric

ans

sSpection of electronic components and packages

3

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60384-1:2021 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/

ISO Online browsing platform: available at https://www.iso.org/obp
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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 1

capacitor specially designed and suited for resonant circuit application where low losses and
high stability of capacitance are essential or where a precisely defined temperature coefficient
is required, for example for compensating temperature effects in the circuit

Note| 1 to entry: The ceramic dielectric is defined by its nominal temperature coefficient (a).

3.3

suchlass

<Class 1> tolerance on the temperature coefficient for a given nominal temperature coeffidient
Note| 1 to entry: See Table 2.

Note|2 to entry: The nominal temperature coefficient value and its tolerance refer tojttye temperature interval[from
the reference temperature +20 °C or +25°C to +85 °C, but because in practice TC-cunves are not strictly linear] it is
necelssary to define limiting capacitance deviation (AC/C) for other temperatures;(see Table 3 and Annex B).

3.4

temperature range

amhient temperature range for which the capacitor has, béén designed to operate continuolisly
Note| 1 to entry: This is given by the lower and upper category temperature. (see Table 3 and Annex B).

3.5

rated temperature

Tr

maxXimum ambient temperature at which-the rated voltage can be continuously applied

3.6

rated voltage

Ur

maXimum DC voltage that-can be applied continuously to a capacitor at any temperafure
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|tage
applied to the capacitor.

3.7

category«voltage

Uc

maximum_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 or 25 °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=42d2de9b9485a5a282c5dccfecdce24c
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lower category temperature: -55 °C, -40 °C, -25 °C, -10 °C and +10 °C;

upper category temperature: +70 °C, +85 °C, +100 °C, +125 °C;

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

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

NOTE The resistance to humidity resulting from the above climatic category is for the capacitors in their unmounted
state. The climatic performance of the capacitors after mounting is greatly influenced by the mounting substrate, the

mou

4.2

4.2.

For
tem

4.2.

The

valyes are needed, they shall be chosen from the R10 series.

The

is the greater, applied to the capacitor shall not exceed the rated voltage.

4.2.

When the rated temperature is defined as the'upper category temperature, the category volt
is gqual to the rated voltage as defined in IEC 60384-1:2021, 3.5. If the upper cate

tem

givgn in the detail specification.

4.2,

4.2.4.

Nominal capacitancé yalues should be taken from the E6, E12 and E24 series give

IEC

4.2

See

B2 Preferred tolerances on nominal capacitance

Tt g ethod (See 5.4) and the tnal coating.

Preferred values of ratings

1 Rated temperature (7R)

capacitors covered by this document, the rated temperature is equal to,theupper cate
perature, unless the upper category temperature exceeds 125 °C.

] Rated voltage (Ug)

preferred values of the rated voltage are the values of the R5 series of ISO 3. If o

sum of the DC voltage and the peak AC voltage ordhe peak-to-peak AC voltage, whichg

3 Category voltage (Ug)

berature exceeds 125 °C, or the rated voltages exceed 500 V, the category voltage sha

I: Preferred values of hominal capacitance and associated tolerance values
1

Preferred values of nominal capacitance

60063.

Table".

jory

ther

pver

age

jory
| be

N in

Table 1 — Preferred tolerances on nominal capacitance

Preferred Tolerance
series Cy 210 pF Letter code Cy <10 pF Letter code
E6 +20 % M +2 pF G
E12 +10 % K +1 pF F
E24 5 % J +0,5 pF D
2 % G +0,25 pF C
1% F £0,1 pF B
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4.2.5 Temperature coefficient (a)

4.2.51 Nominal temperature coefficient and tolerance (for reference temperature
20 °C)

Table 2 shows the nominal temperature coefficients for the reference temperature 20 °C, the

associated tolerances, expressed in parts per million per Kelvin (10-6/K), and the corresponding
subclasses and letter codes. The temperature coefficients, tolerances and letter codes for the
reference temperature 25 °C are given in Annex B.

The dcta;: OVUU;f;UGt;UII Oha:: OVU\J;fy fUI Uabh tclllpclatulc UUUff;U;UIIt thU III;II;IIIUIII va:u.. Of
capgcitance for which the given tolerance of temperature coefficient can be verified, considering
the pccuracy of the methods of capacitance measurement specified.

For|values of capacitance lower than this minimum value:
a) the detail specification shall specify a multiplying factor for the tolerance.6n «, as well as
he permissible changes of capacitance at the lower and upper categony temperature;
b) special methods of measurement can be necessary and, if required; shall be stated in|the
Hetail specification.

Table 2 - Nominal temperature coefficient @nd tolerance
(for reference temperature 20<C)

Ngminal temperature coefficient Tolerance on temperatute Letter code for
(107/K) coefficient (1078/K) Subclass B Toleranke

+100 +30 1B A G

0 £30 1B C G

-33 +30 1B H G

=75 +30 1B L G

-150 +30 1B P G

-220 +30 1B R G

-330 +60 1B S H

-470 +60 1B T H

=750 +120 1B U J

-1 000 +250 1F Q K

-1 500 +250 1F \% K

+140 2.2 -1 000 a 1C SL -

Theg nominalitemperature coefficients and their tolerances are defined using the capacitance change between|the
temperatures 20 °C and 85 °C.

A capacitor with a temperature coefficient 0 x 10-6/K and a tolerance on temperature coefficient of +30 x 10 6/K
is designated as a CG capacitor (subclass 1B).

a8 This temperature coefficient value is not subject to inspection since no limits for relative capacitance variation

are specified in Table 3.

4.2.5.2 Permissible relative variation of capacitance

Table 3 shows for each combination of temperature coefficient and tolerance the permissible
relative variation of capacitance expressed in parts per thousand at both the upper and lower
category temperatures. Temperature coefficients and tolerances are expressed in parts per
million per Kelvin (1078/K). In case of reference temperature 25 °C, see Table B.1 for an
explanation of the permissible relative variation of capacitance.
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Table 3 — Combination of temperature coefficient and tolerance

Permissible relative variation in capacitance in parts per 1 000 between 20 °C
and a given temperature
Lower category temperature Upper category temperature
a Tolerance

1078/K 1078/K -55°C -40 °C -25°C -10 °C +70 °C +85°C | +100 °C | +125 °C
+100 +30 (G) -9,75/ -7,80/ -5,85/ -3,90/ 3,50/ 4,55/ 5,60/ 7,35/
-3,71 -2,96 -2,22 -1,48 6,50 8,45 10,4 13,7

c +30-Y 225+ 1867 354 08-56+ 56+ 405+ 2464 35/
5,45 4,36 3,27 2,18 1,50 1,95 2,40 3,15

-33 +30 (G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ -6,62/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0,p2

-75 +30 (G) 3,38/ 2,70/ 2,03/ 1,35/ -5,25/ -6,83/ -8,40/ -11}0/
12,3 9,85 7,39 4,92 -2,25 -2,93 <3,60 -4,¥3

-150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,7/ -14,4/ -18}9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -123,6

-220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ +16,2/ -20,0/ -26)3/
25,6 20,46 15,3 10,2 -9,50 -12,4 -15,2 -24,0

-330 +60 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,51 -25,4/ -31,2/ -41}0/
38,4 30,7 23,0 15,4 135 -17,6 -21,6 -24,4

-470 +60 (H) 30,8/ 24,6/ 18,5/ 12,3/ 26,5/ -34,5/ -42,4/ -55,7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1

-750 +120 (J) 47,3/ 37,8/ 28,4/ 18,9/ -43,5/ -56,6/ -69,6/ -91}4/
82,3 65,8 49,4 82,9 -31,5 -41,0 -50,4 -64,2

-1 000 +250 (K) 56,3/ 45,0/ 33,8/ 22,5/ -62,5/ -81,3/ -100/ -131/
117 93,7 70,2 46,8 -37,5 -48,8 -60,0 -74,8

-1 500 +250 (K) 93,8/ 75,0/ 56,3/ 37,5/ -87,5/ -114/ -140/ -184/
163 130 97,7 65,1 -62,5 -81,3 -100 -131

When the upper category temperature is aboyé’125 °C, the limits shall be given in the detail specification.
Formulas for calculation of the permissibléyrelative variation in capacitance:

Permissible relative variation in the temperature range from 20 °C to the upper category temperature:
AC/C (10_3)=(ai\&\)X(UCTfZO)H 000 (1)

Permissible relative variation in the temperature range from 20 °C to the lower category temperature:

a) |lower permisgible relative variation in capacitance from 20 °C to lower category temperature:

ACIC (10‘3)=(a £[6]) x (LCT - 20)/1000 )

b) upper permissible relative variation in capacitance from 20 °C to lower category temperature:
ACIC (1072 )=[(~36) - (122[9]) + (0,22 % &) + a] % (LCT - 20) /1000 (3)

o Temperature coefficient
12 Tolerance of a

LCT Lower category temperature

UCT Upper category temperature
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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.

5

5.1

Thig Clause 5 supplements the information given in IEC 60384-1:2021, Clause 5 to Clausg]

5.2

Seel IEC 60384-1:2021, 5.3.

5.3

Seel IEC 60384-1:2021, 5.2.1.

5.4

Seel IEC 60384-1:2021, 5.5.

5.5
5.5.

Seeg| IEC 60384-1:2021, 7.1, with the details_6f;5.5.2 and 5.5.3.

5.5.

A isual examination shall be_carried out with suitable equipment with approximg

10x

reqdiired. In case the specimén*are very small components, the visual examination may
carrfied out with higher magnification.

The| operator should/have available facilities for incident or transmitted illumination as we
an appropriate measuring facility.

5.5.

5.5.

Quantitative values for the requirements below may be given in the detail or in

Test and measurement procedures

General

Preliminary drying

Measuring conditions

Mounting

Visual examination and check of dimensions

1 General

v Visual examination

magnification and lighting.appropriate to the specimen under test and the quality |

3 Requirements

3.1 General

10.

tely
bvel
be

| as

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.
Figure 2 — Fault: crack or fissure

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

Separation or
delamination

Crack

IEC

Figure 3 =\Separation or delamination

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

Exposed electrodes

IEC

Figure 4 — Exposed electrodes

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
exposed electrodes (see Figure 4).
b) 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.
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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.

5.6
5.6.
5.6.

See

5.6.

Unlgss otherwise specified in the detail specification,

5.6.

Principal edges

IEC
Figure 5 — Principal faces

Electrical tests
1 Capacitance
1.1 General

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

1.2 Measuring conditions

measuring voltage: < 5 YARMS,
requency: Cy'= 1000 pF 1 MHz or 100 kHz (referee frequency 1 MHz);

Cn > 1000 pF 1 kHz or 100 kHz (referee frequency 1 kHz).

1.3 Requirements

The|capacitance value as measured in the unmounted state, shall correspond to the rated value
takipg into.account the specified tolerance.

The|capacitance as measured in the mounted state in accordance with Group 3 is for refergnce
purposes-onty-in-furthertests:

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 3 x 1074,
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5.6.2.3 Requirements

024

The tangent of loss angle as measured in the unmounted state shall not exceed the limit given

in Table 4.
Table 4 — Tangent of loss angle limits
Nominal Tangent of loss angle (tan &) x 1074
capacitance
. +100 2 ¢ > =750 and SL (1C) | =750 2 a > -1 500 | « =-1 500
P
C0G u2J
Cy 250 15 20 30
5sCy<50 1,5 @+7 2 @4—7 3 @4—7
N N N
C. <5 When the measurement is required the detail specification.shall
N specify the limit.
Theltangent of loss angle as measured in the mounted state in accordance with Group 3 is
reference purpose only in further tests.
5.6.3 Insulation resistance
5.6.3.1 General
Seg| IEC 60384-1:2021, 6.1, with the details of 5:6:3.2 to 5.6.3.4.
5.6.5.2 Preparation for test

Prio

Car
mes
insy
5.6.

See

The

for @ capacitor with a rated voltage below or equal to 1 kV. For Ug > 1 kV the referee volt

sha

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

b shall be taken to maintainocleanliness 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 60384-1:2021, 6.1.2, with the following details.

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

| be\VkV.

for

test
The

Ur,
age

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 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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5.6.

The

5.6.
5.6.

See

5.6

The

NOT]
foun

The

For

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

5.6.

The
5.6.
and

5.6.4.4

4.2 Test conditions

60384-21:2024 © IEC 2024 -17 -

34 Requirements

insulation resistance shall meet the following requirements.

Cy<10nF R, =10 000 MQ

Cy > 10 nF R x Cy2100s

4 Voltage proof

‘.1 General
IEC 60384-1:2021, 6.2, with the details of 5.6.4.2 to 5.6.4.4.

product of R4y and the nominal capacitance Cy shall be smaller than oryequal to 1 s.

E R, is a charging resistor that includes the internal resistance of the voltage Seurce. 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, alower charge current limit value ma

@.3 Test voltages

test voltages in accordance with Table"5 shall be applied between the measuring point
3 and Table 3 in IEC 60384-1:2021;for a period of 1 min for qualification approval tes
for a period of 1 s for the lot-by-lgt-quality conformance testing.

Table 5 — Test voltages

Rated voltage Test voltage
\Y \Y
Ug < 100 2,5 Uy
100 < Ug < 200 1,5 Ug + 100
200 < Ug =500 1,3 Ug + 100
500 <Ug < 1 000 1,3 Ug
U, 21000 1.2 Uy

n be

y be
be

s of
ting

Requirement

There shall be no breakdown or flashover during the test.

5.7
5.7.

Temperature coefficient (¢) and temperature cyclic drift

1

See |IEC 60384-1:2021, 6.8.3.3, with the details of 5.7.2 to 5.7 .4.
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5.7.2 Preliminary drying

The capacitors shall be dried in accordance with 5.2 for 16 h to 24 h.

5.7.3 Measuring conditions

See IEC 60384-1:2021, 6.8.1.2 and 6.8.1.3, with the following details.

The capacitors shall be measured in the unmounted state.

5.7. A—Requirements

The| capacitance deviation at upper and lower category temperature (and at such* other
temperatures as may be specified in the detail specification) shall not exceed the limits g{ven
in Table 3.

The|temperature cyclic drift shall not exceed the limits given in Table 6.

Table 6 — Temperature cyclic drift limits

a rated in 107%/K Requirements @
+100 2 ¢ > -150 0,3 % 0r-0;05 pF
Co0G
-150 2 ¢ > —1 500 and SL (1C) 1 % or 0,05 pF
u2J
a=-1500 2 % or 0,05 pF
a8  Whichever is the greater.

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

=

A fdarce shall be selected from'1 N, 2 N, 5 N or 10 N and specified in the detail specificatio

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

Unlgss 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,

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

5.9.2 Initial measurement

The capacitance shall be measured as specified in 5.6.1 and in the detail specification.
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5.9.3 Final inspection

The capacitors shall be visually examined and there shall be no visible damage.
See 5.5.2.
The change of capacitance with board in bent position shall not exceed 5 %.

5.10 Resistance to soldering heat

5.10+1 Generatl

Seel IEC 60068-2-58 with the details of 5.10.2 to 5.10.5.

5.10.2 Initial measurement

The|capacitance shall be measured in accordance with 5.6.1.

5.10.3 Test conditions
5.10.3.1 Solder bath method (applicable to 1608 M, 2012 M and 3216 M)
Seeg| 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 B0 s
to 60 s.

Solder alloy: Sn-Pb or Sn-Ag-Cu
Temperature: 260 °C £t&°C
Duration of immersion: 10 s +y1s

Depth of immersion: 10:mm

Number of immersions: 1

5.10.3.2 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;

d) sofderattoy—Sm=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 7 and Figure 6;


https://iecnorm.com/api/?name=42d2de9b9485a5a282c5dccfecdce24c

- 20 - IEC 60384-21:2024 © |IEC 2024

Table 7 — Reflow temperature profiles for Sn-Ag-Cu alloy

Alloy composition T, T, t T, 1, T, 1y
°C °C s °C s °C s
Lead-free solder Test 1 20to 40 at 7, -
150+5 | 180+5 | 120+ 5 220 60 to 90 250 R
(Sn-Ag-Cu) 5°C

A
\d

f) nhumber of each test: 1, unless otherwise specified in the detail specification;

g)
5.1(

The
The

5.1(

Afte
follg

Und
suc

ﬂ
A
Y

A
Y

\J

IEC

Figure 6 — Reflow temperature profile

he temperature profile of d) or e) shall besspecified in the detail specification.
.4 Recovery

capacitors shall recover for 6 h t0,24 h.
flux residues shall be rempved with a suitable solvent.

.5 Final inspection, measurements and requirements

r recovery, the_capacitors shall be visually examined and measured and shall meet
wing requirements.

er normaklighting and approximately 10x magnification, there shall be no signs of dam
n as cracks. See 5.5.2.

Dis{

ofution of the end face plating (leaching) shall not exceed 25 % of the length of the ¢

concerned. The detail specification may specify further details.

the

age

dge

The capacitance shall be measured in accordance with 5.6.1 and the change shall not exceed
the values in Table 8.

Table 8 — Maximum capacitance change

a rated in 107¢/K Requirements?

+100 2 a 2 -750
C0G and U2J
=750 > ¢ 2 -1 500 and SL (1C) 1% or 1 pF

0,5 % or 0,5 pF

a8  Whichever is the greater.
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See

5.11

5.11
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Solderability
.1 General

IEC 60068-2-58 with the details of 5.11.2 to 5.11.4.

.2 Test conditions

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

See

See
in tH

The
to 6

Sold
Ten
Dur
Dep
Nun

5.11
See
a)
b)

c)
d)

Table A.1 for explanation of the size code.

IEC 60068-2-58, Test Td4, Method 1, with the following details, if not otherwise_spec
e detail specification:

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

er alloy: Sn-Pb Sn-Ag-Cu

perature: (235+5)°C (245+5)°C

ation of immersion: (2+£0,2)s (3+£0,3)s

th of immersion: 10 mm 10 mm

nber of immersions: 1 1

.2.2 Infrared and forced gas convection_soldering system

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

he solder paste shall be applied to the test substrate;

he thickness of solder deposit shallFbe specified in the detail specification;
he terminations of the specimén shall be placed on the solder paste;
solder alloy: Sn-Pb;

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

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

solder altey: Sn-Ag-Cu;

fied

B0 s

hall
the

hed

hall

Iinlesstotherwise specified in the detail specification, the specimen and test substrate s

bnd“forced gas convection soldering system;

bepreheated to a temperature of (150 £ 5) °C to (180 £ 5) °C for 60 s to 120 s in the infrTred

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

f) the temperature profile of d) or e) shall be specified in the detail specification.

5.11.3 Recovery

The

flux residues shall be removed with a suitable solvent.

5.11.4 Final inspection, measurements and requirements

The capacitors shall be visually examined under normal lighting and approximately 10x
magnification. There shall be no signs of damage. See 5.5.2.
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Both end face and the contact areas shall be covered with a smooth and bright solder coating
with no more than a small number of scattered imperfections such as pinholes or unwetted or
de-wetted areas. These imperfections shall not be concentrated in one area.

The

detail specification may specify further requirements.

5.12 Rapid change of temperature

5.12.1 General

This

test shall he nlnlnliprl nnl\ll to r‘npnr‘ifnr: for which the category temperature is greater 110 °C.

See

The

5.1%

The

5.1%

The

Duration of exposure at the temperature limits: 30 min.

5.1%

The

5.1%

The

The
the

IEC 60384-1:2021, 8.1, with the details of 5.12.2 to 5.12.5.
capacitors shall be mounted in accordance with 5.4.

.2 Initial measurement

capacitance shall be measured in accordance with 5.6.1.

.3 Number of cycles

number of cycles: 5.

.4 Recovery

capacitors shall recover for 6 h to 24 h.

.5 Final inspection, measurements and requirements

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

capacitance shall be measured in accordance with 5.6.1 and the change shall not exg
value in Table 9.

Table 9 — Maximum capacitance change

eed

a rated in 107/K Requirements?
+100 2 ¢ 2 750
1% or 1 pF
CO0G and U2J
—750 > a 2 =1 500 and SL (1C) 2 % or 1 pF

2  Whichever is the greater.

5.13 Climatic sequence

5.13.1 General

See

IEC 60384-1:2021, 8.2, with the details of 5.13.2 to 5.13.7.

5.13.2 Initial measurement

The

capacitance shall be measured in accordance with 5.6.1.
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5.13.3 Dry heat

See

IEC 60384-1:2021, 8.2.3.

5.13.4 Damp heat, cyclic, Test Db, first cycle

See IEC 60384-1:2021, 8.2.4.

5.13.5 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.

5.13

5.13

See

5.11

No

The

5.13
The

5.13

The

The

.6 Damp heat, cyclic, Test Db, remaining cycles
.6.1  General

IEC 60384-1:2021, 8.2.7, with the details of 5.13.6.2 and 5.13.6.3.

8.6.2 Test conditions

oltage applied.
remaining cycles shall be tested in accordance with Table 10.

Table 10 — Number of.-damp heat cycles

Category No. of cycles of 24 h
-/—156 5
-/=121 1
-/-110 1
- [~ 04 0

8.6.3 Recovery

capacitors shall‘recover for 6 h to 24 h.

.7 Finalinspection, 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 11

Table 11 — Final inspection, measurements and requirements

Measurement Measurement and o rated and (Subclass) Requirements
conditions
Capacitance 5.6.1 +100 2 ¢ 2 -750 (1B) Capacitance change
CO0G and U2J <2%or1pF?@
=750 > a 2 -1 500 (1F) Capacitance change
SL (1C) <3%or1pF?a
Tangent of loss angle 5.6.2 All as and subclasses < 2x value in the table of 5.6.2
Insulation resistance 5.6.3 All as and subclasses R;22500 MQorR xCy225s b
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NOTE See 4.2.5 for an explanation of the subclass codes.

a8  Whichever is the greater.

b Whichever is the lower.

5.14 Damp heat, steady state
5.14.1 General
SeeHEC-60384-4-2024-83—with-the-detais—of6-14-2to-6-14-6-

The| capacitors shall be mounted in accordance with 5.4.

5.14.2 Initial measurement

The|capacitance shall be measured in accordance with 5.6.1.

5.14.3 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 12 [and
be gpecified in the detail specification.

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

Table 12 — Test conditions’for damp heat, steady state

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

When the application of voltage is specified, Ug shall be applied to one half of the lot ang 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 accordance ith
5.6.4 shall be carried out, but with the rated voltage applied.

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.

5.14.4 Recovery

The capacitors shall recover for 6 h to 24 h.

5.14.5 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 13.
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Table 13 — Final inspection, measurements and requirements

Measurement Measurement and a rated and (Subclass) Requirements
conditions
Capacitance 5.6.1 +100 2 ¢ = 750 (1B) Capacitance change
COG and U2J <2%or1pF?
=750 > o 2 -1 500 (1F) Capacitance change
SL (1C) <3%or1pF?2
Tangent of loss angle 5.6.2 All as and subclasses < 2x value in the table of
| 562
Illsulation resistance 5.6.3 All as and subclasses R, 2 2 500 MQvor
R, % Cy 2(25'sP

NOJTE See 4.2.5 for an explanation of the subclass codes.

a8 |[Whichever is the greater.

b |Whichever is the lower.

5.1 Endurance

5.15.1 General

See IEC 60384-1:2021, 8.5, with the details of 5.15.2 to,5:15.5.
The|capacitors shall be mounted in accordance with.5.4.

5.15.2 Initial measurement

The|capacitance shall be measured in ac¢éordance with 5.6.1.

5.15.3 Test conditions

If the category voltage is equaldto the rated voltage, the capacitors shall be tested as in Tabl¢ 14.

Table 14 — Endurance test conditions (U = Ug)

Ug Ug < 200 200 < U, = 500 Uy > 500
Temperature Upper category temperature
Voltage (DC) 1,5 Uy 1,3 Ug 1,2 Ug
Duration 1000 h 1500 h 2 000 h

If the category voltage is not equal to the rated voltage, the capacitors shall be tested as in
Table 15.
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Table 15 — Endurance test conditions (Ug # UR)
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Ug Up <200 200 < U, < 500 Ug > 500
Temperature T Tg T 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

F Upper category temperatures > 85 °C, such as 100 °C, 125 °C and 150 °C.

5.19.4 Recovery
The

capacitors shall recover for 6 h to 24 h.

5.18.5 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 requjreménts in Table 16.

Table 16 — Final inspection, measurements and requirements

Measurement Measurement and a ratedand (Subclass) Requirements
conditions
Capacitance 5.6.1 100 = ¢ 2 -750 (1B) Capacitance change
COG and U2J <2 % or1pF?
=750 > o 2 -1 500 (1F) Capacitance change
SL (1C) <3 % or 1 pF?@
Tangent of loss angle 506=2 All as and subclasses < 2 x value in the table of 5.6,.2.
Ipsulation resistance 5.6.3 All as and subclasses R;2 4 000 MQ or
R, % Cy 240 sP

NO[TE See 4.2.5 for an_explanation of the subclass codes.

a8 |[Whichever is the.greater.

\Whichever.is(the lower.

5.1(f Robustness of terminations (only for capacitors with strip termination)

5.16.1 General

See |[EC 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:
e Test Uay: force: 2,5 N;

e Test Ub, Method 1: force: 2,5 N;
e number of bends: 1.
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5.16.3 Final inspection and requirements

The

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

5.17 Component solvent resistance (if required)

See

IEC 60384-1:2021, 9.4.

5.18 Solvent resistance of the marking (if required)

See

5.19
5.14

See

The

Half
tole

5.14

The
app

The
Tab

IEC 60384-1:2021, 9.5.
Accelerated damp heat, steady state (if required)
.1 General
IEC 60384-1:2021, 8.9, with the details of 5.19.2 to 5.19.5.

capacitors shall be mounted in accordance with 5.4 and IEC 6038421:2021, 8.9.1.

the capacitors shall be connected in series with resistor§~of 100 kQ, with a relg

.2 Initial measurement

capacitors shall be measured for insulation resistance with a voltage of 1,5V + 0
ied across the capacitor and resistor in series.

insulation resistance, including the series resistor, shall meet the requirements give
e 17.

Table 47 - Initial requirements

tive

rance of +10 %, and half in series with resistors of 6,8 kQ, with a relative tolerance of 10 %.

N in

M¢asurement Measuring Requirements
conditions
< ‘R =
Connected to Cy < 10 nF: R, 2 10 000 MQ
. 100 kQ resistors | ¢ > 10 nF: (R, -~ 100 kQ) x C,, = 100 s
nsulation '
fesistance | (12XIDY Cy < 10 nF: R, = 10 000 MQ
Connected to N~ U
6.8 kQresistors | ¢ > 10 nF: (R, - 6,8 kQ) x C,, 2 100 s
5.19.3/,\Conditioning

The capacitors with associated resistors shall be subjected to condifioning at (85 * 2Z) °C,
(85 = 3) % relative humidity for the test duration given in Table 18. The voltage given in Table 18
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.

Care shall be taken to avoid condensation of water on the capacitors or substrates. This can

hap

pen if the door is opened during the test before the humidity is lowered.
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Table 18 — 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 Ug, whichever is the lower, or the voltage specification
specified in the detail specification

5.19.4 Recovery

The| applied voltage shall be disconnected, and the capacitors and resistors shall be remdved
frorn\ the test chamber and allowed to recover for 6 h to 24 h in standard atmospheriic condit|ons
for festing.

5.19.5 Final measurements

The|capacitors shall be measured for insulation resistance, as in 5.19:2.

The| insulation resistance, including the series resistor, shall-be-greater than 0,1 times|the
valyes given in 5.19.2.

6 [Marking

6.1 General

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

6.2| Information for marking

The| information given in the marking is normally selected from the following list: the reldtive
impprtance of each item is indicated by its position in the list:

— hominal capacitance;
- tated voltage (DC voltage may be indicated by the symbol: --- [IEC 60417-5031(2002-{10)]
br —);

— {olerance on nominal capacitance;

— {emperature~coefficient and its tolerance as applicable (in accordance with 4.2.5) or
Annex B;

— Yyearsand 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.

6.4 Requirements for marking

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

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

in 6
6.6
Any
7

7.1

The

Det

2.

Additional marking

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

Information to be given in a detail specification

General

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

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

blank detail specification. When more severe requirements are included, they-shall be indic
in the test schedules, for example by an asterisk.

The

The
sho

7.2
The

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

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

Outline drawing and dimensions

re shall be an illustration of the capacitors as-an aid to easy recognition and for compar

of the capacitors with others.

Dim

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

be given in the detail specification. Alldimensions shall be stated in millimetres; however, W

the

priginal dimensions are given in_inches, the converted metric dimensions in millimetres s

be added.

Nor
nec
cov

bssary, for example when a number of items (sizes and capacitance/voltage ranges)
bred by a detail specification, the dimensions and their associated tolerances shal

plaged in a table below the drawing.

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

dim

7.3

bnsionalinformation as will adequately describe the capacitors.

Mounting

| or
ted

pted

son

hall
hen
hall

mally the numerical valdes-shall be given for the length, width and height of the body. When

are
be

uch

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

7.4.

Rating and characteristics

1 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.

7.4.

The

2 Nominal capacitance range

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

7.4.3 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 fhe solderability and the resistance to soldering heat tests.

7.5| Marking

The| detail specification shall specify the content of the marking on the €apacitor 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 assenibly.

8.2 Structurally similar components

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

8.3 Certified records of released\lots

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

8.4| AQualification approval
8.4. Genernal

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
tests is given in Annex C. The procedure using a fixed sample size schedule is given in 8.4.2
and 8.4.3.

8.4.2 Qualification approval on the basis of the fixed sample size procedures

The fixed sample size procedure is described in IEC 60384-1:2021, Q.2.4. 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.
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For each temperature coefficient, 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 coefficient. Where the total range
consists of fewer than four values, the number of specimens to be tested shall be that required
for four values. When approval is sought for more than one temperature coefficient, see 8.4.3.

In case assessment level EZ is used, spare specimens are permitted as follows:

Twq (for six values) or three (for four values) per value may be used as replacementd 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 sechedule, the number
of specimens required for Group 0 shall be increased by the same number as that required for
the pdditional groups.

Table 4 gives the number of samples to be tested in each greup/or subgroup together with| the
number of permissible non-conformances for the qualificationapproval test.

8.4.3 Tests

The|l complete series of tests specified in Table 19 _and Table 20 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 tovthe tests of Group 0 and then divided for the other
groups.

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

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

When approvaliis: sought for more than one temperature coefficient at the same time, the [test
schedule apd<sample size required for the smallest temperature coefficient are thosé of
Gropps 1,2.and 3. For each additional temperature coefficient, the testing is limited to the tests
and|[sample sizes as specified for Subgroup 3.3 and Group 4.

The approval is decided on an individual temperature coefficient basis in accordance with the
permissible number of non-conforming items indicated in Table 4. In order to calculate the total
actual non-conforming items for temperature coefficients other than the smallest, the non-
conforming items in Groups 1, 2 and 3 for the smallest temperature coefficient are added to the
non-conforming items in Subgroup 3.3 and Group 4 for that particular temperature coefficient.

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

Table 19 and Table 20 together form the fixed sample size test schedule. Table 4 includes the
details for the sampling and permissible non-conforming items for the different tests or groups
of tests. Table 5 together with the details of the test contained in Clause 8 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.
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The conditions of test and performance requirements for the fixed sample size test schedule
shall be identical to those specified in the detail specification for quality conformance inspection.

Table 19 — Fixed sample size test plan for qualification approval

Assessment level EZ

Group Test S_ubcIaL!se 9f Num_ber of Permissible
No. this publication specimens number of
ne nonconforming
items
c
Visuatexamimation 55
Dimensions 5.5 132 + 24f 0
Capacitance 5.6.1
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 resistanceP 5.17
B Solderability 5.1 12 0
Solvent resistance of marking® 5.18
P Substrate bending test? 5.9 12 0
ja Mounting 5.4
Visual examination 5.5 84 + 24f 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 Endurance 5.15 36 0
3.4 Accelerated damp heat, steady 5.19 24f 0
state®
o Temperature coefficient and 5.7 12 0
temperature cyclic drift

If required in the detail specification.

¢ Capacitance/voltage combinations, see 8.4.2.
Additional capacitors, if Group 3.4 is tested.
9 Applicable to capacitors with strip terminations.

Not applicable to capacitors with strip terminations.

a8 The values of these measurements serve as initial measurements for the tests of Group 3.

¢ 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.
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Table 20 — Tests schedule for qualification approval

Test
(see NOTE 1)

Conditions of test

(see NOTE 1)

D or ND

(see

n c

(see Table 19)

Performance
requirements

NOTE 2) (see NOTE 1)
GROUP 0 ND See Table 19
5.5 Visual As in 5.5.3
examination
xaminat Legible marking and as
specified in the detail
specification
5.5 Dimension (detail) See the detail
specification
5.6./ Capacitance Frequency: ... Hz Within specified
. tolerance
Measuring voltage:V RMS
5.6.p Tangent of loss Frequency and Measuring As (in'5/6.2.3
angle (tan d) voltage same as in 5.6.1
5.6.B 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 or
method flashover
GRQUP 1A D See Table 19
5.14 Robustness of Test Ua1, Force:2,5 N
termination
(if applicable) Test Ub, Method 1,
Force:2,5 N
Number of bends:1
Visual examination No visible damage
5.10.2 Initial Capacitance
measurement
5.10 Resistance to See detail specification for the
soldering heat method
Recovery: 6 hto 24 h
5.1(0.5 Final inspection, |Visual examination As in 5.10.5
measurements . .
and requirements Capacitance As in 5.10.5
5.11 Component Solvent: ... See detail specification
solvent resistance
(if required) Solvent temperature:
Method 2
Recovery: ...
GRQUP 1B D See Table 19
5.1 Solderability See detail specification for the
method
5.1 14—FratHnspeecton Wistel-examiration As—+-5-+4
measurements
and requirements
5.18 Solvent Solvent: ... Legible marking
resistance of the Solvent t ture:
marking? olvent temperature: ...

(if required)

Method 1
Rubbing material: cotton wool

Recovery: ...
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Test
(see NOTE 1)

Conditions of test

(see NOTE 1)

D or ND

(see

n c

(see Table 19)

Performance
requirements

NOTE 2) (see NOTE 1)
GROUP 2 D See Table 19
5.9 Substrate bending | Deflection: ... See detail specification
test Number of bends: ...
5.9.2 Initial Capacitance
measurement
5.9.3 Final inspection Capacitance (with printed board \AC/C| <5%
in bent position) No visible damage
[ Visual examination
GROUP 3 D See Table 19
5.4 Mounting Substrate material; ...P
Visual examination As in 55)3
Capacitance Withinspecified
tolerance
Tangent of loss angle Asin 5.6.2.3
Insulation resistance As in 5.6.3.4
Voltage proof No breakdown or
flashover
GROQUP 3.1 D SéejTable 19
5.8 Shear test Visual examination No visible damage
5.14.2 |Initial Capacitance
measurement
5.14 Rapid change of |7, = Lower category
temperature temperature
Ty = Upper category
temperature
Five cycles
Duration #,= 30 mjn
Recovery: 6 h t{0¥24 h
5.14.5 Final inspection, |Visual examination No visible damage
measurements Capacitance ACIC: as in 5.12.5
and requirements
5.13 Climatic sequence
5.13.2 Initial Capacitance
Measurement
5.13.3 Dry heat Temperature: upper category
temperature
Duration: 16 h
5.13.4 Dampheat,
cyclic, test Db,
first cycle
51:5 Coia TUIII'JCIdtUIC. towet \.atcyuly
temperature
Duration: 2 h
Visual examination No visible damage
5.13.6 Damp heat, Recovery: 6 hto 24 h
cyclic, test Db,
remaining cycles
5.13.7 Final inspection, |Visual examination No visible damage

measurements
and requirements

Capacitance
Tangent of loss angle

Insulation resistance

Legible marking
ACIC: as in 5.13.7
As in 5.13.7

As in 5.13.7
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Test Conditions of test D or ND n c Performance
requirements
(see NOTE 1) (see NOTE 1) (see (see Table 19)
NOTE 2) (see NOTE 1)
GROUP 3.2 D See Table 19
5.14 Damp heat,
steady state
5.14.2 Initial Capacitance
measurement
Recovery: 6 hto 24 h
5.14.5 Final inspection, |Visual examination No visible damage
and requirements Legible marking
Capacitance ACIC: as in 5:44.,5
Tangent of loss angle As in 5.14.5
Insulation resistance As in5.14.5
GRQUP 3.3 D See Table 19
5.1§ Endurance Duration: ... h
Temperature: ...°C
Voltage: ...V
5.14.2 Initial Capacitance
measurement
Recovery: 6 h to 24 h
5.189.5 Final inspection, |Visual examination No visible damage
measurements . )
and requirements Legible marking
Capacitance ACIC: as in 5.15.5
Tangent of loss angle As in 5.15.5
Insulation resistance As in 5.15.5
GRQUP 3.4 D See Table 19
5.19 Accelerated damp |Duration: ... h
heat, steady state ) .
(if required) Temperature (85 + 2) °C
Humidity»(85 + 3) % RH
5.19.2 Initial Insulation resistance As in 5.19.2
measurement
5.19.5 Final Recovery: 6 h to 24 h As in 5.19.5
measurement ) )
Insulation resistance
GRQUP 4 ND See Table 19
5.7 Temperature Primary drying: 16 h to 24 h ACIC: as in 5.7.4
coefficient («) and
temperature cyclic
drift
NOHe4—Subelause-numbers—oftest-and-perfermaneerequirementsreferte-Clause5
NOTE 2 In this table: D = destructive, ND= non-destructive.

a

b

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

which substrate material is used in each subgroup.
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Annex A
(normative)

Guidance for the specification and coding of dimensions of fixed surface
mount multilayer capacitors of ceramic dielectric, Class 1

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 | —
i (8
T
Y
IEC
Dimgnsion 7 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 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
1005M 1,0 £ 0,05 0,5+0,05 0,1 0,3
1|5ggu| 16+01 0,8 +01 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 2,56+0,2 0,3 1,4
4532M 4,5+0,3 3,2+0,2 0,3 2,0
5750M 5,7+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)

Combination of temperature coefficients and tolerances
for the reference temperature of 25 °C

Temperature coefficients of capacitance, tolerances and related codes are shown in Table B.1.

Table B.1 — Combination of temperature coefficients and tolerances

fortheTeferencetemperature of 25°€

Permissible relative variation in capacitance in parts per
Temperature
Gode of coefficient and 1 000 between 25 °C and given temperature
ten|perature the tolerance
c:rfficient Lower category temperature Upper category temperature
and
a Tolerance
tolerance -55°C | 40 °C | -25°C | =10 °C | +70 °C | +8579C | +100 °C | +124 °C
1076/K 1076/K
-2,40/ | -1,95/ | -1,50/ | -1,05/ | -1,35/N'=1,80/ | -2,25/ -3,00/
coG 0 30 581 | 472 | 363 | 254 | 1353 1.80 | 225 3.do
50,4/ 41,0/ 31,5 22,1/ =39,2/ | -52,2/ -65,3/ -87|0/
u2J -750 | #120 87.8 | 713 | /54,9 | 384 /284 | -37.8 | -47.3 | -64,0
o =|[nominal temperature coefficient
NOJFTE COG and U2J (Code of temperature coefficient and tolerance), see EIA-198-1-F.
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Annex C
(normative)

Quality conformance inspection

Formation of inspection lots

1 Groups A and B inspection

The

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

follg

a)
b)

c)

cA1

The

Samples shall be representative of the current)production of the specified periods and sha

divi
peri
and

C.2

The
Tab

C3

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 saniple, 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 C.3 and Table Ci4.

Delayed-delivery

e,solderability and capacitance shall be checked as specified in Groups A and B inspeg

024

the

| be
any
zes
e.

nin

| be
tion.

Cc.4

Assessment levels

The assessment level(s) given in Table C.3 and Table C.4 should be selected from Table C.1

and

Table C.2.
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Table C.1 — Lot by lot inspection

. , EZ

Inspection subgroup ILa n? ®
20 100 %°
A1 S-4 ¢ 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 sample, thig™lot shall be rejected, but all ron-
conforming items shall be counted for the calculation of quality level values. Outgoing quality level by rjon-
conforming items per million (x 107%) values shall be calculated by accumiilating inspection data in accordance
with the method given in IEC 61193-2:2007, 6.2.

¢ |Number to be tested: Sample size shall be determined in accordance with IEC 61193-2:2007, 4.3.2.

The content of the inspection subgroup is described in Table.C.3.

Table C.2 — Peviodic inspection

EZ

Ipspection subgroup® P n? c?
c1 3 12 -

c2 3 12 °

C3.1 6 27 -

C3.2 6 1 °

C3.3 3 1% -

C3.4° 6 10 °

e 6 i °

a8 |p = periadicity in months

mS¢sample size

¢ = permissible number of non-conforming items

b The content of the inspection subgroup is described in Table C.4.

¢ If required.

C.5 Test schedule for quality conformance inspection

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

Lot-by-lot tests

Test? Conditions of test® D or ND ILe c¢ | Performance
requirements

Group A0 [100 % tests]

56.1 Capacitance Frequency: ... Hz Within

Measuring voltage: ... V r.m.s ND 100 % specified
tolerance

5.6.2 Tangent of loss angle Frequency and measuring As in 5.6.2

(tan o) voltage same as in 5.6.1

563 Insulation resistance See detail specification for As in 5.6.3.4

the method

564 Voltage proof See detail specification for No bréakdotwn

the method orflashover|

Grqup A1 [Sampling tests]

5.5)2 Visual examination ND S-4¢€ 0 | Asin5.5.2
Legible
marking and
as specified|in
the detail
specificatiof

Grqup A2 [Sampling tests]

42[s  Dimension ND s-3¢ | 0 | See the detjil
specificatiof

Grqup B1 [Special tests]

5.1h Solderability See detail specification.for D 5.3¢

the method
5.1h.4 Final inspection, Visual examination Asin 5.11.4
measurements and
requirements
518 Solvent resistance of the | Solvent: ... Legible
marking Solvent temperature: ... marking
(if required)d Method ™
Rubbing material: cotton
wool
Recovery: ...
Grqup B2 [Special tests]
57 Temperature coefficient ND S.2¢ 0 | Ac/C: As in
(«) and cyclic driftf 573

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

¢ |Refep-to Table C.1 for lists of symbols and of abbreviated terms.

The informatien)given in Table C.3 shall provide a suitable overview of the most relevant parameters of epch
test, howevér-shall not take precedence over any more detailed specification given in a respective claus¢ of
this specification or in a cited normative reference.

After T00 % measurement and removal of nonconforming items, a re-inspection shall be performed in ordey to
monitor the outgoing quality level, in accordance with the detail specification. A lot shall be rejected if on¢ or

more non-conforming items occur in a sample during re-inspection.

¢ Inspection levels are selected from IEC 611932-2:2007.

on dimensional measurements or other mechanisms to avoid parts exceeding the limits.

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

material.

This test may be replaced by in-production testing if the manufacturer installs statistical process control (SPC)

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

Periodic tests

Performance

a ies b c c c
Test Conditions of test D€ or ND n c requirements
Group C1"
5.16 Robustness of Test Ua, Force: 2,5 N 12 | od
Termination (only for
capacitors with strip Test Ub, Method 1, Force: 2,5 N D
terminations)
Number of hends: 1
Visual examination No visible
damage
5.10.2 Initial measurement Capacitance
5.1p Resistance to See detail specification for the
soldering heat method
Recovery: 6 hto 24 h
5.19.5 Final inspection, Visual examination As in 5.10.5
measurements and . . S
requirements Capacitance As in 5.10.
5.1 Component solvent Solvent: ... See detail
resistance (if . specificatiop
required) Solvent temperature: ...
Method 2
Recovery: ...
Grqup C2 "
5.9 Substrate bending Deflection: ... D 12 | o4 | See detail
test © specificatiop
Number of bends: ...
5.9|2 Initial measurement Capacitance
5.9|3 Final inspection Capacitance (with printed board AC/C£5 %
in-bent’position)
\/isual examination No visible
damage
Grqup C3 " D
5.4 Mounting Substrate material: ...
Visual examination As in 5.5.3
Capacitance Within
specified
tolerance
Tangent of loss angle Asin 5.6.23
Tnsulation resistance Asin 5.6.3.4

Voltage proof

No breakdown
or flashover
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Periodic tests

Performance
a iti b c c c c
Test Conditions of test D®or ND | p n c requirements
Group C3.1 " D
d .
5.8 Shear test 9 Visual inspection 6 | 27 | 09 | No visible
damage
5.12.2 | Initial measurement Capacitance
5.12 Rapid change of T, = Lower category
temperature temperature
Ty = Upper category
temperature: five cycles
Duration ¢, = 30 min
Recovery: 6 h to 24 h
5.1R.5 | Final inspections, Visual examination No visible
measurements and damage
requirements ; ;
Capacitance AC/C: As in|
5.12.5
5.1B.2 | Initial measurement Capacitance
5.1B.3 | Dry heat Temperature: upper category
temperature
Duration: 16 h
5.1B.4 | Damp heat, cyclic,
test Db, first cycle
5.1B.5 | Cold Temperature: lower category
temperature
Duration: 2 h
Visual inspection No visible
damage
5.1B.6 | Damp heat, cyclic, Recovery:6'h to 24 h
test Db, remaining
cycles
5.1B.7 | Final inspections, Visual examination No visible
measurements and damage,
requirements Legible
marking
Capacitance AC/C: As in
5.13.7
Tangent of loss angle As in 5.13.7
Insulation resistance As in 5.13.7
Grgup.€3.2"
5.14 Damp heat, steady D 6 | 15 | o9
state
5.14.2 | Initial measurement Capacitance
Recovery: 6 hto 24 h
5.14.5 | Final inspections, Visual examination No visible
measurements and damage,
requirements Legible
marking
Capacitance AC/C: As in
5.14.5
Tangent of loss angle As in 5.14.5
Insulation resistance As in 5.14.5
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Periodic tests

Performance
a H'H b c c c c
Test Conditions of test D€ orND | p n c requirements
Group C3.3" D
5.15 Endurance Duration: ...h 3115 | o9
Temperature: ...°C
Voltage: ...V
5.15.2 | Initial measurement Capacitance
Recovery: 6 hto 24 h
5.1f5 T Fmarmspectons, Visuatexammration Novisibte
measurements and damage,
requirements Legible
matrkihg
Capacitance AC/C: As in
5.15.5
Tangent of loss angle As in 5.15.4
Insulation resistance As in 5.15.4
Grqup C3.4" D
5.1p Accelerated damp Duration: ... h 6 | 15 | od
heat,. steady state (if Temperature: (85 t 2) °C
required)
Humidity: (85 + 3) %
5.1P.2 | Initial measurement Insulation resistance As in 5.19.1
Recovery: 6 h to 24 h
5.1P.5 | Final measurements Insulation resistance As in 5.19.1
Group C4 " ND
5.7 Temperature Preliminary drying: 16<h.to 24 h 6 9 09 | AC/C: As in
coefficient (a) and 5.7.3
cyclic drift

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

The information given in Table C.4 shall ‘provide a suitable overview of the most relevant parameters of e
test, however shall not take precedence over any more detailed specification given in a respective claus
this specification or in a cited normative reference.

Refer to Table C.2 for lists of sympols and of abbreviated terms.

If one non-conforming item is_obtained, all the tests of the subgroup shall be repeated on a new sample
then no further non-conforming items are permitted. Release of product may continue during repeat testin

Not applicable to capacitors, which, in accordance with the detail specification, shall only be mounted
alumina substrates-

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

Not applicable to capacitors with strip terminations

All tests,of the sub-group shall be repeated if one or more nonconforming item is obtained. No non-conform
items-.are permitted in the repeat testing. Release of products may continue during repeat testing.

hch
b of

hnd

on

the

ing
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Annex X
(informative)

Cross-reference for reference to IEC 60384-21:2019

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 60384-21:2019.

Table X.1 — Reference to IEC 60384-21 for clause/annex

IHC 60384-21:2019 IEC 60384-21:2024
3nd edition 4th edition Notes
Clause/Annex Clause/Annex
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 C1toC.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 Changed from informative to normative
— C.5 Newly added. Modified from IEC 60384-21-1:2004, Clause |2
Annex X Annex X No change

Tab

e X.2 indicates the new figure*and table numbers with respect to IEC 60384-21:2019.

Table X.2~ Reference to IEC 60384-21 for figure/table

EC 60384-21:2019
3rd edition

Figure/Table

IEC 60384-21:20xx
4th edition

Figure/Table

Notes

Table 1 to Fable 3

Table 1 to Table 3

No change

—

Able 4.and table 5

Table 19 and Table 20

In accordance with the change of table numbers

—

hble/6.and Table 7

Table C.1 and Table C.2

In accordance with the change of table numbers

Iable C.5 and lable C.4

Newly added. Moditied Trom TEC 6U364-21-1T:20U4, Table

Table 8 to Table 22

Table 4 to Table 18

In accordance with the change of table numbers

Table A.1 Table A1 No change
Table B.1 Table B.1 Updated
Table X.1 and Table X.2 | Table X.1 and Table X.2 | No change

For the figure numbers, there was no change.

IEC 60384-21:2024 © |IEC 2024
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 21: Spécification intermédiaire — Condensateurs multicouches fixes

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normaligation comppsée
e '’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LAEC a pour obj¢t de
favoriser la coopération internationale pour toutes les questions de normalisation dans’ les domainep de
I'Blectricité et de I’électronique. A cet effet, 'I[EC — entre autres activités — publie desyNermes internationples,
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles”’au public (PAS) e} des
Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a‘des comités d’études| aux
travaux desquels tout Comité national intéressé par le sujet traité peut).participer. Les organisations
imternationales, gouvernementales et non gouvernementales, en liaison ave€ RIEC, participent égalemen{ aux
tfavaux. L'IEC collabore étroitement avec I'Organisation Internationale dé)Normalisation (ISO), selon| des
cpnditions fixées par accord entre les deux organisations.

1)

2) Ues décisions ou accords officiels de I'lEC concernant les questions téchriques représentent, dans la mesufe du
possible, un accord international sur les sujets étudiés, étant donné gtie les Comités nationaux de I'lEC intéressés

spnt représentés dans chaque comité d’études.

3) Ues Publications de I'lEC se présentent sous la forme de ecommandations internationales et sont agrgées
comme telles par les Comités nationaux de I'lEC. Tous les €fforts raisonnables sont entrepris afin que |J'IEC

s[assure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsable de

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
régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationalep ou

regionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

5) UIEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
purnissent des services d’évaluation{ de conformité et, dans certains secteurs, accédent aux marquep de
conformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certifichtion

indépendants.
6)
7)

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

Alucune responsabilité netdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatdires,
y| compris ses experts-particuliers et les membres de ses comités d’études et des Comités nationaux de I[IEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
nfature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
découlant de la.publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I[IEC,
ou au crédit gui_lui est accordé.

8) LUattention'est attirée sur les références normatives citées dans cette publication. L’utilisation de publicafions

reférencées est obligatoire pour une application correcte de la présente publication.

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 60384-21 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 termes ont été remplacés par des symboles littéraux dans le Tableau 3;

c) le codage de coefficient de température et tolérance de C0G et U2J a été ajouté dans le
Tableau 4, le Tableau 6, le Tableau 8, le Tableau 9, le Tableau 11, le Tableau 13,
[eTabteau t6etatATmexe B;

d) l'exigence de 5.5.2 (examen visuel) a été répétée en 5.9.3, en 5.10.5, en 5.11.4, en\5.1[1.4,
bn 5.13.7, en 5.14.5 et en 5.15.5;

e) la fleche D dans les modéles trés robustes a été ajoutée en 5.9.1;

f) |'Annexe B est passée d’informative a normative;

g) [Article C.5 (Programme d’essais pour le contrdle de conformité de la gualité) a été ajouté
bour retirer la spécification particuliere-cadre: IEC 60384-21-1.

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

Projet Rapport deote
40/3119/FDIS 40/3138/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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CONDENSATEURS FIXES UTILISES
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Partie 21: Spécification intermédiaire — Condensateurs multicouches fixes

a diélectriques en céramique pour montage en surface, de Classe 1
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présente partie de I'lEC 60384 s’applique aux condensateurs multicouches \fixe
bctriques en céramique pour montage en surface non encapsulés, avec un coefficien
pérature défini (diélectrique de Classe 1), destinés a étre utilisés dans les|equipem
troniques. Ces condensateurs possedent des pastilles de connexion métallisées ou
Hes de brasure et sont destinés a étre montés sur des cartes impriméesou directement
substrats de circuits hybrides.

condensateurs d’antiparasitage ne sont pas inclus, mais sont couverts par I'lEC 60384

brésent document a pour objet de spécifier les valeufs-assignées et caractéristig

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
Ument fournissent des sévérités et des exigences d’essai d’'un niveau de performs
Brieur ou égal. Pour plus d’informations surJa conception des spécifications génériq
rmédiaires et particuliéres, voir I'Introduction de I'lEC 60384-1:2021.

Références normatives

eur contenu, des exigences du présent document. Pour les références datées, s
tion citée s’applique. Pour'les références non datées, la derniére édition du documen
rence s’applique (y compris les éventuels amendements).

60068-2-58, Essais d’environnement — Partie 2-58: Essais — Essai Td: Méthodes d’e
a soudabilitéy. résistance de la métallisation a la dissolution et résistance a la chaleu
age des composants pour montage en surface (CMS)

60384:-1:2021, Condensateurs fixes utilisés dans les équipements électroniques — Part
cification générique

documents suivants sont cjtés-dans le texte de sorte qu’ils constituent, pour tout ou p?tie

5 a
[ de
ents
des
sur

14.

ues
ires
les
les
sent
nce
es,

ule
de

ssal
r de

IEC 61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages (disponible en anglais seulement)
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Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'|EC 60384-1:2021 ainsi

que

les suivants s’appliquent.

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

.
.
3.1

con
con

de {

sur

3.2
con
con

IEC Electropedia: disponible a I'adresse https://www.electropedia.org/

ISO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

[densateur multicouche pour montage en surface
Hensateur multicouche dont les petites dimensions et la nature ou la forme des.connex

des cartes imprimées

[densateur a diélectrique en céramique, Classe 1
Hensateur spécialement congu et adapté a une application de circdit résonant ou de fai

ons

ortie en font un condensateur pouvant étre monté en surface dans des circuits hybridds et

bles

perfes et une grande stabilité de capacité sont essentielles \Ou lorsqu’un coefficienf de

tem
tem

Note|

3.3
sou
<ClI

bérature défini avec précision est exigé, par exemple pour compenser les effets d
pérature dans le circuit

1 a l'article: Le diélectrique en céramique est défini par son‘eoefficient de température nominale (a).

-classe
sse 1> tolérance sur le coefficient de température pour un coefficient de tempéra

nonjinale donné

Note|

Note|

1 a l'article: Voir Tableau 2.

2 a l'article: La valeur du coefficient de température nominale et sa tolérance font référence a I'interval

températures comprises entre +20 °C.ou +25°C et +85 °C, mais en raison du fait qu’en pratique, les courbes d

(coe
(ac/

3.4

ficient de température) ne sont pas strictement linéaires, il est nécessaire de définir I’écart de capacité |
C) pour d’autres températures’ (voir Tableau 3 et Annexe B).

plage de températures

plag

de maniére continue

Note|
caté

3.5
tem
TR

1 a l'article/ Cette plage est donnée par la température minimale de catégorie et la température maxima
jorie.(voir Tableau 3 et Annexe B)

B |a

ture

e de
e TC
mite

e des températures ambiantes pour laquelle le condensateur a été congu pour fonctionner

e de

pérature assignée

température ambiante maximale a laquelle la tension assignée peut étre appliquée de maniére
continue


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=42d2de9b9485a5a282c5dccfecdce24c

- 56 - IEC 60384-21:2024 © |IEC 2024

3.6

tension assignée

Ur

tension en courant continu maximale qui peut étre appliquée de maniére continue a 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.

3.7l
tension de catégorie
Uc
tengion maximale pouvant étre appliquée de maniere continue a un condensateur d sa
température maximale de catégorie

4 |Valeurs assignées et caractéristiques préférentielles

4.1| Caractéristiques préférentielles

Les| catégories climatiques préférentielles doivent étre données uniquement dans|les
cargctéristiques préférentielles.

Les|condensateurs couverts par le présent document{sont classés en catégories climatiques
conformément aux regles générales données dans LIEC 60068-1:2013, Annexe A.

Poufr une température de référence de 20 °C ou~25 °C, les températures minimale et maximale
de gatégorie et la durée de I'essai continu de>chaleur humide doivent étre sélectionnées dans
la liste ci-dessous:
e {empérature minimale de catégorig! -55 °C, —40 °C, -25 °C, —10 °C et +10| °C;
e {empérature maximale de catégorie: +70 °C, +85 °C, +100 °C, +125 °C;
e (durée de I’essai continu dechialeur humide

température = 40 °C, humidité relative = 93 %): 4, 10, 21 et 56 jours.

Les|sévérités pour les_essais de froid et de chaleur séche sont les températures minimale et
maximale de catégorié,‘respectivement.

NOTE La résistance 'a I'humidité résultant de la catégorie climatique ci-dessus concerne les condensateurs dans
I’étaf non monté <La-performance climatique des condensateurs aprés montage dépend considérablement du suljstrat
de montage, de la'méthode de montage (voir 5.4) et du revétement final.

4.2 | Maleurs assignées préférentielles

4.2t Température assignee (7R)

Pour les condensateurs couverts par le présent document, la température assignée est égale
a la température maximale de catégorie, a moins que la température maximale de catégorie ne
dépasse 125 °C.

4.2.2 Tension assignée (UR)

Les valeurs préférentielles de la tension assignée sont les valeurs de la série R5 de I'|SO 3. Si
d’autres valeurs sont nécessaires, elles doivent étre choisies dans la série R10.

La somme de la tension en courant continu et de la plus grande parmi la valeur de créte de la
tension alternative et la valeur créte a créte de la tension alternative, appliquée au
condensateur ne doit pas dépasser la tension assignée.
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4.2.3 Tension de catégorie (U¢)

Lorsque la température assignée est définie comme la température maximale de catégorie, la
tension de la catégorie est égale a la tension assignée, telle qu’elle est définie dans
I'IEC 60384-1:2021, 3.5. Si la température maximale de catégorie dépasse 125 °C, ou les
tensions assignées dépassent 500 V, la tension de catégorie doit étre fournie dans la
spécification particuliere.

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

4.2.4.1 Valeurs préférentielles de la capacité nominale

Il cgnvient que les valeurs de capacité nominale proviennent des séries E6, E12 et E24 données
danp 'lEC 60063.

4.2.4.2 Tolérances préférentielles sur la capacité nominale

Voill Tableau 1.

Tableau 1 — Tolérances préférentielles sur la capacité nominale

Tolérance
Série
préférentielle Cy 210 pF L:;gaegie Gy <10 pF Lf::ir:gie
E6 20 % M +2 pF G
E12 +10 % K +1 pF F
E24 5 % J +0,5 pF D
2 % G +0,25 pF C
1 % F +0,1 pF B

4.2.5 Coefficient de température (a)

4.2.5.1 Coefficient de température nominale et tolérance (pour la température de
référence 20 °C)

Le [rableau 2 représente les coefficients de température nominale pour la températurgd de
référence de 20 3C et les tolérances associées, exprimées en millioniémes par Kelvin (10-9/K),
aindi que les.‘sous-classes et lettres de codage correspondantes. Les coefficients| de
température,~tolérances et lettres de codage pour la température de référence 25 °C sont
donpés al’Anhexe B.

La spécification particuliere doit indiquer pour chaque coefficient de température, la valeur
minimale de la capacite pour laquelle la tolerance donnee du coefficient de tempeérature peut
étre vérifiée, en tenant compte de la précision des méthodes de mesure de capacité spécifiées.

Pour des valeurs de capacité inférieures a cette valeur minimale:

a) la spécification particuliere doit spécifier un facteur de multiplication de la tolérance sur a,
ainsi que les variations admissibles de capacité a la température maximale et minimale de
catégorie;

b) des méthodes spéciales de mesure peuvent étre nécessaires et, si cela est exigé, doivent
étre indiquées dans la spécification particuliére.
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Tableau 2 — Coefficient de température nominal et tolérance

(pour température de référence 20 °C)

Lettre de codage pour

Coefficient de température Tolérance sur le coefficient Sous-

nominale (1075/K) de température (107%/K) classe a Tolérance

+100 +30 1B A G

0 +30 1B C G

-33 +30 1B H G

-75 +30 1B L G

-150 +30 1B P G

-220 +30 1B R G

-330 +60 1B S H

-470 160 1B T H

-750 +120 1B U J

-1 000 +250 1F Q K

-1 500 +250 1F \ K

+140 2 ¢ 2 -1 000 a 1C SL -

les

Un

condensateur avec un coefficient de température de 0 x 10787K" et une tolérance sur le coefficient
temlpérature de +30 x 107%/K est congu comme un condensateur €6 (sous-classe 1B).

Les|coefficients de température nominale et leurs tolérances sont définis a I'aide de la variation de capacité eptre
empératures 20 °C et 85 °C.

de

Cette valeur de coefficient de température n’est pas soumisée a un contréle puisqu’aucune limite sur la variafion
Felative de capacité n’est spécifiée dans le Tableau 3.

4.2.5.2

Variation relative admissible de la capacité

Le Tableau 3 indique pour chaque conibinaison de coefficient de température et de tolérgnce
la variation relative admissible de la capacité exprimée en parties par millier aux températlires

de

catégorie supérieure et inférieure. Ces coefficients de température et tolérances

sont

expfimés en millioniémes par. Kelvin (1076/K). Dans le cas de la température de référence de
25 9C, voir Tableau B.1 podr june explication de la variation relative admissible de la capagité.

Tableau 3 —-Combinaisons de coefficient de température et de tolérance

Variation relative admissible de capacité en parties par millier entre 20 °C|et

une température donnée

Température minimale de catégorie

Température maximale de catégofie

a Tolérance

1|0=87K 1076/K -55°C -40 °C -25°C -10 °C +70 °C +85°C | +100 °C | +125 °C
+100 +30 (G) -9,75/ -7,80/ -5,85/ -3,90/ 3,50/ 4,55/ 5,60/ 7,35/
-3,71 -2,96 -2,22 -1,48 6,50 8,45 10,4 13,7

0 +30 (G) -2,25/ -1,80/ -1,35/ -0,90/ -1,50/ -1,95/ -2,40/ -3,15/
5,45 4,36 3,27 2,18 1,50 1,95 2,40 3,15

-33 +30 (G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ -6,62/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0,32

-75 +30 (G) 3,38/ 2,70/ 2,03/ 1,35/ -5,25/ -6,83/ -8,40/ -11,0/
12,3 9,85 7,39 4,92 -2,25 -2,93 -3,60 -4,73

-150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,7/ -14,4/ -18,9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -12,6

-220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ -16,2/ -20,0/ -26,3/
25,6 20,46 15,3 10,2 -9,50 -12,4 -15,2 -20,0
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Variation relative admissible de capacité en parties par millier entre 20 °C et
une température donnée
Température minimale de catégorie Température maximale de catégorie
a Tolérance
1078/K 1078/K -55°C -40 °C -25°C -10 °C +70 °C +85°C | +100 °C | +125 °C
-330 160 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,5/ -25,4/ -31,2/ -41,0/
38,4 30,7 23,0 15,4 -13,5 -17,6 -21,6 -28,4
-470 160 (H) 30,8/ 24,6/ 18,5/ 12,3/ -26,5/ -34,5/ -42,4/ -55,7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1
- /90 +120 (J) 47,3/ 37,8/ 20,4/ 18,9/ -43,9/ —9b,06/ -069,06/ =974/
82,3 65,8 49,4 32,9 -31,5 -41,0 -50,4 =64,2
-1 000 +250 (K) 56,3/ 45,0/ 33,8/ 22,5/ -62,5/ -81,3/ -100/ =131/
117 93,7 70,2 46,8 -37,5 -48,8 -60,0 -74,8
-1 500 +250 (K) 93,8/ 75,0/ 56,3/ 37,5/ -87,5/ -114/ =140/ -184/
163 130 97,7 65,1 -62,5 -81,3 =100 -131

Lorpque la température maximale de catégorie dépasse 125 °C, les limites doivent(étre indiquées dang la
spécification particuliére.

Formules de calcul de la variation relative admissible de capacité:

Varjation relative admissible de la plage de températures de 20 °C a la température maximale de catégorie:
ACIC (107%)=(a o) x (UCT 2011 000 )

Varjation relative admissible de la plage de températures de20 °C a la température minimale de catégorie:

a) |Variation relative admissible inférieure de capacité de 20 °C a la température minimale de catégorie:
ACIC (107)={a £[s]) x (LCT - 20)/1000 (2)

b) |Variation relative admissible supérieure.de capacité de 20 °C a la température minimale de catégorie:

ACIC (102)=[(-36) - (122x[o]) + (0,22 X @) + a] % (LCT - 20)/1000 (3)
o Coefficient de température
0 Tolérance de ¢
LCT Lower Category Temperature (température minimale de catégorie)
uct Upper €ategory Temperature (température maximale de catégorie)

4.2.6 Dimensions

Les régles proposées pour la specification ef Te codage des dimensions sont préseniées a
’Annexe 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 de I'|EC 60384-1:2021, de I'’Article 5 a I'Article 10.
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5.2 Séchage préliminaire
Voir IEC 60384-1:2021, 5.3.

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/ 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 offrantun’grossissement d’envjiron
10x%} un éclairage approprié du spécimen 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 pouf. I’éclairage incident ou transmis, ginsi
que|d’équipements de mesure appropriés.

5.5.8 Exigences
5.5.3.1 Généralités

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

qui ne dégradent pas les performances du condensateur (exemples: voir Figure 1 et
Figure 2);

IEC

Figure 1 — Défaut: craquelure ou fissure
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NOTE Craquelure ou fissure sur un c6té ou s’étendant d’une face a une autre en passant par une aréte.

Figure-2— Défaut: craquelureoufissure

b) pe pas présenter de séparation ou décollement interlaminaire visible entre les couche

condensateur (voir Figure 3);

Séparation ou
décollement
interlaminaire

[ — Fissure

IEC

Figure 3 — Séparation ou décollement interlaminaire

c) he pas présenter d’électrodes exposées entre lesrdeux sorties (voir Figure 4);

Electrodes exposées

IEC

Figure 4 — Electrodes exposées

5 du

d) le corps céramique doit'étre exempt de toute trace conductrice (métallisation, étamage, ¢tc.)

entre celles-ci (Annexe A, dimension Ly).

5.5.3.3 EXigences relatives a la métallisation

Les|exigences relatives a la métallisation sont les suivantes:

sur une zone cerntnale entre deux sorties adjacentes qui est égale a la distance minimale

a) pé.pas présenter de décollement visible des sorties métallisées ni d’électrodes expogdées

(voir Figure 4);
b) les faces principales (voir Figure 5) sont celles notées A, B et C.

Dans le cas de condensateurs de section carrée, les faces D et E sont également

considérées comme principales.

La surface maximale des espaces dans la métallisation sur chaque face principale ne doit pas
dépasser 15 % de la surface de cette face et ces espaces ne doivent pas étre concentrés dans
la méme région. Les espaces dans la métallisation ne doivent pas affecter les deux arétes
principales de chaque extrémité du bloc (ou les quatre arétes dans le cas de condensateurs
carrés). La dissolution du revétement d’extrémité (lixiviation) ne doit pas dépasser 25 % de la

longueur de I'aréte concernée.
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Arétes principales

IEC

Figure 5 — Faces principales

5.6

5.6.
5.6.
Voin

5.6.

Sauff indication contraire dans la spécification particuliere,

1
U

Essais électriques
Capacité

A Généralités

IEC 60384-1:2021, 6.3, avec les détails de 5.6.1.2 et 5.6/1.3.

1.2 Conditions de

mesure

e {ension de mesure: <5V eff.

e fréquence: Cn = 1000 pF 1 MHz ou 100 kHz (fréquence d’arbitrage 1 MHz);
Cn > 1000 pF 1 kHz ou 100 kHz (fréquence d’arbitrage 1 kHz).

5.6/1.3 Exigences

La Jaleur de la capacité, telle.que mesurée dans I’état non monté, doit correspondre a la valeur

ass

La
unid

5.6.
5.6.

gnée en tenant compte\de la tolérance spécifiée.

uement a des fins de référence lors des essais ultérieurs.

7] Tangente de I’angle de perte (tan §)

2.1 Généralités

capacité telle queymesurée dans I'état monté conformément au Groupe 3 est donnée

Voir

IEC 60384-1:2021 6.4 avecles détailsde 5622et5623

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 3 x 104,

5.6.2.3 Exigences

La tangente de I'angle de perte, telle que mesurée dans I'état non monté, ne doit pas dépasser
la limite donnée au Tableau 4.
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Lat
est

5.6.
5.6.

Voin IEC 60384-1:2021, 6.1, en I'associant aux informations dennées de 5.6.3.2 a 5.6.3.4.

5.6.

Ava
con

Les

doivent étre propres. Avant le mesurage; les condensateurs doivent étre compléten

déc

5.6.

Voirl 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 ten

60384-21:2024 © IEC 2024 - 63 -

Tableau 4 — Limites de la tangente de I’angle de perte

Capacite Tangente de I’angle de perte (tan 8) x 1074
nominale
. +100 = ¢ > =750 et SL (1C) -7502 ¢ >-1500 | «=-1500
p
C0G u2J
Cy 250 15 20 30
5<Cy<50 1,5 @Jr? 2 @Jr? 3 @Jr?
N N N
C. <5 Lorsque la mesure est exigée, la spécification particuliere doit
N indiquer la limite.

angente de I'angle de perte telle que mesurée dans I'état monté conformément’'au Grou
Honnée uniquement a des fins de référence lors des essais ultérieurs.

3 Résistance d’isolement

3.1 Généralités

3.2 Préparation de I'essai

ht l'essai, les condensateurs doivent étre {nettoyés avec soin pour éliminer t
amination.

chambres d’essai, comme les lieux dans-ésquels s’effectuent les mesures aprés les esq

nargés. La résistance d’isolement dgit é&tre mesurée entre les sorties.

3.3 Conditions de mesure

e 3

bute

ais,
nent

sion

d’arpitrage étant Ug,.pour un condensateur dont la tension assignée est inférieure ou égale a
1 kY. Pour Ug > 4 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 Tes essais ot par Tot (Groupe A), I'essai peut durer moins Tongiemps, si [a valeur de la
résistance d’'isolement exigée est atteinte.

Le produit de la résistance interne de la source de tension et de la capacité nominale du
condensateur ne doit pas dépasser 1s, sauf indication contraire dans la spécification
particuliere.

Le courant de charge ne doit pas dépasser 0,05 A. Pour les condensateurs dont les tensions
assignées sont supérieures ou égales a 1 kV, une (valeur) limite inférieure peut étre donnée
dans la spécification particuliére.
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34 Exigences

La résistance d’isolement doit satisfaire aux exigences suivantes.

5.6.
5.6.

Voin IEC 60384-1:2021, 6.2, en I'associant aux informations données de 5.6.4.2 a 5(6:4.4.

5.64.2 Conditions d’essai

Le groduit de R, et de la capacité nominale Cy doit étre inférieur ou égal & T°s.

NOT

peu

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

Pou
limile de courant de charge inférieure peut étre donnée‘dans la spécification particuliére. H
protéger les condensateurs contre I'amorgage, I'essai’peut étre réalisé dans un milieu isg

ada

5.6.

Des|
megures de 5.6.3 et du Tableau 3 de '1EC 60384-1:2021, pendant une durée de 1 min pou

Cy<10nF R, =10 000 MQ

Cy > 10 nF R x Cy2100s

4 Tenue en tension

U1  Généralités

E R, estune résistance de charge qui comprend la résistance interne de la souree-de tension. Ces informa
ent étre consultées dans I'lEC 60384-1:2021, 6.2.2.

r les condensateurs dont les tensions assignées sont/supérieures ou égales a 1 kV,

pté.
4.3 Tensions d’essai

tensions d’essai conformes au_ Tableau 5 doivent étre appliquées entre les points

essais d’homologation et pendant une durée de 1 s pour les essais de conformité de la qu
lot par lot.
Tableau 5 - Tensions d’essai
Tension assignée Tension d’essai
v v
Ug < 100 2,5 Ug
100 < U < 200 1,6 Ug + 100
200 < Ug < 500 1,3 Ug + 100
560~ 1000 3 TR
Ug 21000 1,2 Ug
5.6.4.4 Exigence
Aucun claquage ni contournement électrique ne doit étre constaté pendant I'essai.
5.7 Coefficient de température () et dérive aprés cycle thermique
5.7.1 Généralités

Voir IEC 60384-1:2021, 6.8.3.3, avec les détails de 5.7.2 et 5.7 .4.

tions
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2 Séchage préliminaire

Les condensateurs doivent étre séchés conformément a 5.2 pendant une durée de 16 h a 24 h.

5.7.

3 Conditions de mesure

Voir 'lEC 60384-1:2021, 6.8.1.2 et 6.8.1.3, avec les détails suivants.

Les

5.7.

L’éd
tem
les

La g

5.8

condensateurs doivent étre mesurés dans I'état non monté.

art de capacité aux températures maximale et minimale de catégorie (ainsi qu’aax\au

bératures qui peuvent étre indiquées dans la spécification particuliére) ne doit pas.depa
imites données au Tableau 3.

érive apres cycle thermique ne doit pas dépasser les limites données dans le Tableau

Tableau 6 — Limites de dérive aprés cycle thermique

a assignées en 107%/K Exigences(®
+100 2 ¢ > =150 0,3 % ou 0505 pF
Co0G
-150 2 ¢« > -1 500 et SL (1C) 1 % ou 0,05 pF
u2J
a =-1500 2 % ou 0,05 pF
a8 La plus grande des vajeurs.

Essai de cisaillement

Voin IEC 60384-1:2021, 7.7.

Une

parficuliere.

5.9
5.9.

Essai de pliage du substrat

1 Généralités

Voin IEC 60384-1:2021, 7.8.

Sau

If indication contraire dans la spécification particuliére,

tres
bser

6.

force doit étre choisie jparmi 1 N, 2N, 5N et 10 N et indiquée dans la spécificgtion

la fleche D doit étre choisie entre 1 mm, 2 mm ou 3 mm, des valeurs de fléche plus élevées

peuvent étre données dans la spécification particuliére dans le cas de conceptions trés
robustes;

le nombre de courbures doit étre égal a 1;
le rayon de I'outil de courbure doit étre égal a 5 mm.

Lorsque la fleche D est inférieure ou égale a 2 mm, le rayon peut étre égal a 230 mm;

la durée dans I’état courbé doit étre de 5 s.

Pour la dimension 1005M ou une dimension inférieure, il convient que I’épaisseur du substrat

soit

égale a4 0,8 mm.
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5.9.2 Mesure initiale

024

La capacité doit étre mesurée comme cela est spécifié en 5.6.1 et dans la spécification

part

iculiére.

5.9.3 Controéle final

Les condensateurs doivent étre examinés visuellement et il ne doit pas y avoir de dommage
visible.

Voir,

552

La

5.1(

5.10.

Voir

5.10.2 Mesure initiale

La d

5.1(
5.1(
Les

Voir
dan

Le
mai

Allig
Ten
Dur
Prof
Non

5.1(

ariation de capacité avec la carte en position courbée ne doit pas dépasser 5 %.

Résistance a la chaleur de brasage
1 Généralités

IEC 60068-2-58, en I'associant aux informations données de 5.10.2a 5.10.5.

apacité doit étre mesurée conformément a 5.6.1.

.3 Conditions d’essai

.3.1  Méthode du bain de brasure (s’applique a 1608M, 2012M et 3216M)
codes de taille sont expliqués dans le Tableau A.1.

I'lEC 60068-2-58, Essai Td,, Méthode*{; avec les détails suivants, sauf indication contr

5 la spécification particuliére.

spécimen doit étre préchauffé’a une température comprise entre 110 °C et 140 °(
htenue pendant 30 s a 60 s

ge de brasure: Sn-Pb ou Sn-Ag-Cu

pérature: 260°C+5°C

e d’'immersion: 10st1s

ondeur d’immersion: 10 mm

nbre d'immjersions: 1

.3.2 ,*Systéme de brasage par convection gazeuse ou infrarouge

aire

N

L et

Voir

TEC 60068-2.58
M=o O ou00—2--90C

a) |
b) |
c) |

a pate a braser doit étre appliquée sur le substrat d’essai;
‘épaisseur du dép6t de brasure doit étre indiquée dans la spécification particuliére;
es sorties du spécimen doivent étre placées sur la pate a braser;

d) alliage de brasure: Sn-Pb;

sauf indication contraire dans la spécification particuliére, le spécimen et le substrat d’essai
doivent étre préchauffés a une température de (150 + 10) °C et maintenue pendant 60 s a
120 s dans un systéme de brasage par convection gazeuse ou infrarouge;

la température du systéme de refusion doit étre augmentée rapidement jusqu’a ce que le
spécimen ait atteint une température de (235 £ 5) °C et maintenue pendant (10 £ 1) s;
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