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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

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

all njational electrotechnical committees (IEC National Committees) The
interpational co-operation on all questions concerning standardization in the e
this ¢nd and in addition to other activities, IEC publishes International
Techpical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides

in the subject dealt with may participate in this preparatory wqg
govefnmental organizations liaising with the IEC also part|0|pate i
with [the International Organlzatlon for Standardization (ISO 3 ith ¢

mprising
promote
ields. To
iffications,
as “IEC
interested
nd non-

. IEC\collaboratefp closely

ongditions determined by

possible, an intgrnational

consgnsus of opinion on the relevant subjects since @ash\te i \iitee has representation|from all

interg¢sted IEC National Committees.

3) IEC Publications have the form of recom ion3 international use/ and are accepted by IEC|National
Cominittees in that sense. While all reasonab o.ensdre that the technical content of IEC
Publipations is accurate, IEC cannot be i the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote internatis i ity { ittees undertake to apply IEC Publications
transparently to the maxi i i ir natibnal and regional publications. Any diyergence
betwgen any IEC Publication the correspending national’or regional publication shall be clearly indicated in
the Igtter.

5) IEC provides no € indt i{s approval and cannot be rendered responsible| for any
equigment decl Tt Publication.

6) All ugers should ergtlirenthag they ha lates edition of this publication.

7) Noli i erts and
mem amage or
othen bes) and
expe ther IEC
Publi

8) Attenti idations is
indis

9) Attentti ubject of
pater]

International Standard IEC 60384-22 has been prepared by IEC technical commitjee 40:

Capacitors and resistors for electronic equipment.

This standard and its related publications (CEl 60384-21, IEC 60384-21-1 and IEC 60384-22-1)
cancel and replace IEC 60384-10 (1989) and its Amendments 1 (1993) and 2 (2000) as well

as IEC 60384-10-1 (1989) and its Amendment 1 (1993).

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

FDIS Report on voting
40/1422/FDIS 40/1453/RVD

Full information on the voting for the approval of this standard can be fo
voting indicated in the above table.

und in the report on
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

* reconfirmed;

* withdrawn;

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

A bilindual version of this standard may be issued at a later date.

The coptents of the corrigendum of September 2004 have been inc
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

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

1 General

1.1 Sg¢ope

This sg¢ctional specification is applicable to fixed unencapsulated &\ Itilayer
capaci i citors
have ted on
printed

Capaci ered by
IEC 60384-14.

1.2 Object

The ob select
from IE asuring
method r. Test
severit specjfications referring to this se¢ctional
specifigation shall be of ed S , are not
permitted.

1.3 Normative reference

The following re@ sed ‘ indi icati i ument.
For dated reference$§ ‘ ition i edition
of the neferenced

IEC 60

Amenq

Amend

IEC 60D68-1:1988 ironmental testing — Part 1: General and guidance

|EC 60 '\RQ '7 :Q 100Q LChviranmantal fnohnn Doyt 2 RQ Tonctc Tcst Td Tcst mct, Ods for

OIS =TI o eTital Tt ot g T ol t & TCOotTo

solderability, reSIStance to dissolution of metallization and to soldering heat of surface
mounting devices (SMD)

IEC 60384-1:1999, Fixed capacitors for use in electronic equipment — Part 1. Generic
specification

IEC 60410:1973, Sampling plans and procedures for inspection by attributes

IEC QC 001005: Register of firms, products and services approved under the IECQ system,
including ISO 9000

ISO 3:1973, Preferred numbers — Series of preferred numbers
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1.4 Information to be given in a detail specification

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

Detail specifications shall not specify requirements inferior to those of the generic, sectional
or blank detail specification. When more severe requirements are included, they shall be
listed in 1.9 of the detail specification and indicated in the test schedules, for example by an
asterisk.

NOTE The information given in 1.4.1 may for convenience, be presented in tabular form.

The following information shall be given in each detail specification and the values quoted
shall preferably be selected from those given in the appropriate Clause of this sectional

specifigation.

1.4.1 Qutline drawing and dimensions

There [shall be an illustration of the capacitors as an aid/to~ea gnition” and for
compatison of the capacitors with others.

Dimengions and their associated tolerances, which g A 9 ilj unting,
shall He given in the detail specification. All din i e hted in
miIIimjres, however, when the original dimensions (are(given, IR metric
dimen

Norma:l:y the numerical values shall b t yidth and height of thé body.
When ngecessary, for example when a numbergf i ranges)
are covered by a detail specification, j i hall be
placed|in a table below the i

When J1e configuratio fe such
dimensfional informatio

1.4.2 |

The defail specifigali bunting
for tesf of this
sectionja

1.4.3

The rafings and’ ch of this

1.4.31

See 2.2.4.1.

NOTE 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 IECQ 001005”.

1.4.3.2 Particular characteristics

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

1.4.3.3 Soldering

The detail specification shall prescribe the test methods, severities and requirements
applicable for the solderability and the resistance to soldering heat tests.
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1.4.4 Marking

The detail specification shall specify the content of the marking on the capacitor and on the
package. Deviations from 1.6 of this sectional specification shall be specifically stated.

1.5 Terms and definitions

For the purposes of this sectional specification, the terms and definitions given in
IEC 60384-1, as well as the following apply.

1.5.1

surface mount capacitor
a capafitor whose small dimensions and nature or shape of terminations/makRe_it suitable for
surfacgd mounting in hybrid circuits and on printed boards

1.5.2

fixed clapacitors, ceramic dielectric, Class 2

capacitor which has a dielectric with a high permittivity ang is 3t ss and
coupling applications or for frequency discriminating cirgli ¢ d high

stability of capacitance are not of major importance.

The cgramic dielectric is characterized by a non ber the

category temperature range (see Table 3).

1.5.3
subclass
maximym percentage change of cap

respect to the capacitance at 20 °C.

The supclass may be expd : d %e Table 3)
1.5.4
category tempe

range |of ambi
continu

the capacitor has been designed to ¢pperate
upper category temperature

1.5.5
rated t
maxim nperaturgsat which the rated voltage may be continuously applied

1.5.6
rated V
Ur
maximtllm direct voltage or peak value of pulse voltage which may be applied continugusly to
a capacitor at any temperaiure between ihe lower category iemperature and ine rated
temperature

NOTE The sum of the d.c. voltage and the peak a.c. voltage or the peak to peak a.c. voltage, whichever is the
greater, applied to the capacitor shall not exceed the rated voltage. The value of the peak a.c. voltage shall not
exceed the value determined by the permissible reactive power.

1.5.7

category voltage

Uc

maximum voltage which may be applied continuously to a capacitor at its upper category
temperature
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1.6 Marking
See 2.4 of IEC 60384-1with the following details:

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

D

rated capacitance;

O

rated voltage (d.c. voltage may be indicated by the symbol ( Z—_. or

);

o O

dielectric-subclass-as-applicable (according-to-2.2.5):
L o \ T 7

D

)
)
) tolerance on rated capacitance;
)
)

year and month (or week) of manufacture;

—h

) manufacturer’s name or trade mark;

g) climatic category;
h) manufacturer’s type designation;
i) refgrence to the detail specification.

1.6.2 [These capacitors are generally not marked 3 i can be
applied, they shall be clearly marked with as many 3 Y C 5 as is
considIred useful. Any duplication of informatioa| : [ buld be
avoidedl.

1.6.3
finger.

vith the

1.6.4

hall

be clearly marked with f[all the

1.6.5 be)se applied that no confusion can arise.

2 Pre

21 P

The va )i gtail Specification shall preferably be selected from the following:

2.1.1 Preferre atic categories

The capacitors covered by this sectional specification are classified into climatic catggories
according-fo the general rules given in IEC 60068-1

The lower and upper category temperatures and the duration of the damp heat, steady state
test shall be chosen from the following:

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

Duration of the damp heat, steady state test: 4, 10, 21 and 56 days.

The severities for 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 mounting method (see 4.3) and the final coating.
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2.2 Preferred values of ratings

2.2.1 Rated temperature

The rated temperature is equal to the upper category temperature for capacitors with the
upper category temperature not exceeding 125 °C, unless otherwise stated in the detail

specification.

2.2.2 Rated voltage (Ug)

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

values are needed they shall be chosen from the R10 series.

2.2.3 Category voltage (Ug)
The cdtegory voltage is equal to the rated voltage for capacitors ;tegory
temperpture not exceeding 125 °C. Any category voltages which rated
voltaged, for capacitors with the upper category temperature (exceeding\1 or high
voltagd capacitors with rated voltages above 500 V, shall begive e de igation.
The preferred values of the category voltage at 1252 temperature for high
volumettric capacitors with a rated voltage of 16 V and | f 85 °C
are given in Table 1.
Table 1 - Pref@@

Ur v 25 |\ 4 6.3 10 16

Ug v 16 (| 28 4> | 63 10

NOTE T merij es\of are\calcuhated by the following:
2.2.4 Preferred {: citance and associated tolerance values
2.2.4.1 5 3 pagitance
Rated b en from the series of IEC 60063; the E3, E6 apd E12
series are pre
2.2.4.2| Pre S rances’on rated capacitance
See Taple

Table 2 — Preferred tolerances

Preferred series Tole:/:nce Letter code
E3 and E6 -20/+80 Z
-20/+50 S
E6 +20 M
E6 and E12 +10 K

2.2.5 Temperature characteristic of capacitance

Table 3 denotes with a cross the preferred values of the temperature characteristic with and
without a d.c. voltage applied. The method of coding the subclass is also given; for example a
dielectric with a percentage change of +20 % without d.c. voltage applied over the
temperature range from —55 °C to +125 °C will be defined as a dielectric of subclass 2C1.
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The temperature range for which the temperature characteristic of the dielectric is defined is
the same as the category temperature range.

Table 3 — Temperature characteristic of capacitance

Category temperature range and corresponding
Maximum capacitance number code
change within the category
temperature range with
Sub- | respecttothe capacitance | ;5 150 | 554125 | 55485 | —-40/+85 —25/+85 +10/+85
class | at20°C mgasured with and
letter without a °C °C °C °C °C °C
code d.c. voltage applied
%
Without With 0 1 2 3 4 6
d.c. voltage d.c. voltage
applied applied? (\
2B 10 x x x
2c +20 x x NN N\
2D +20/-30 Requirements < & \ \ <
specified in
2E +22/-56 the detalil /\ X \ x x
specification
2F +30/-80 j? ~_ x x
N\ N
|| e AN O > 1T -
N
d.c. voltgge applied is either rated voltage or the\voltage ifieddn the detail specification.
"x" indicates preferred.
When th¢ upper category temperature is above\125 {C\the-li acitance change, both with and wifhout d.c.
voltage dpplied shall be given iW detal_s_@m icatian.
2.2.6 Dimensions
Suggested rule@
Specifi
3 Quality
3.1 P
The pr bctrode

3.2 Structurally similar components

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

3.3 Certified records of released lots

The information required in IEC 60384-1, 3.9 shall be made available when prescribed in the
detail specification and when requested by a purchaser. After the endurance test, the
parameters for which variables information is required are the capacitance change, tan & and
the insulation resistance.
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3.4 Qualification approval

The procedures for qualification approval testing are given in IEC 60384-1, 3.5.

The schedule to be used for qualification approval testing on the basis of lot-by-lot and
periodic tests is given in 3.5 of this sectional specification. The procedure using a fixed
sample size schedule is given in 3.4.1 and 3.4.2.

3.4.1 Qualification Approval on the basis of the fixed sample size procedures

The fixed sample S|ze procedure is described |n |tem b) of 3.5.3 of IEC 60384-1. The sample

t be the complete range covered by the deta|l specification.

For ea¢h temperature characteristic, the sample shall consist of s¢
maximym and minimum size and for each of these sizes, the maxi #
i pproval

the hig

is soug also be
tested. values
(capac | range
consist] bquired
for fourl values.

In case

Two (f@r six values) or three (for four » 8 i ements
for speécimens, which are non-conformi - inci i to the
manufgcturer.

The nu at all groups are applicable. If this is not |so, the

numbe
When iti S i tro ced _into the qualification approval test schedyle, the
numbe e p 0 shall be increased by the same number [as that

require

Table 4
numbe

yples to be tested in each group or subgroup together With the
periwissible non-conformances for the qualification approval test.

3.4.2 ]

The cdmpleté series” of tests specified in Tables 4 and 5 are required for the approval of
capacitors-Covered by one detail specification. The tests of each group shall be carriedl out in
the order given.

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

Non-conforming specimens found during the tests of Group 0 (according to Table 4) shall not
be used for the other groups.

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

The approval is granted when the number or non-conforming items do not exceed the
specified number of permissible non-conforming items for each group or subgroup and the
total number of permissible non-conformances.
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NOTE Tables 4 and 5 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 4 gives a complete summary of test conditions and performance
requirements and indicates where, for example for the test method or conditions of test, a choice has to be made in
detail specification.

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

@%
o
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Table 4 — Fixed sample size test plan for qualification approval, assessment level EZ

Permissible

Group T Subclause of this Num_ber of n_umbfer Of-
No. est publication speclr?ens non cic::mosrmmg
n
C
0 Visual examination 4.4
Dimensions 4.4 132 + 24 0
Capacitance 4.51
Tangent of loss angle 4.5.2
Insulation resistance 453
Voltage proof 4.5.4
Spare specimens (\ 12 x
1A Robustness of termination ° 4.15 12 N 0
Resistance to soldering heat 4.9 <
Component solvent resistance b 4.16 Q \
18 | | impedance ® 455 ‘\>1>/ 0
Equivalent series resistance [ESR] b
Solderability >
Solvent resistance of marking b <\
2 Substrate bending test ° } 12 0
3@ Mounting
Visual examination Q 84 +24°f 0°
Capacitance 4
Tangent of loss|angle
Insulatl
Voltag
3.1 | | shear tes 4.7 24 0
4.1
4.12
3.2 4.13 24 0
3.3 4.14 36 0
3.4 4.18 24f 0
4 Temperature characteristic of capacitance 4.6 12 0

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

b

If required in the detail specification.

The capacitors found to be non-conforming 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.

d

substrates.

e

f

]

Capacitance/voltage combinations, see 3.4.1.
Additional capacitors if group 3.4 is tested.
Applicable to capacitors with strip terminations.

Not applicable to capacitors with strip terminations.

Not applicable to capacitors, which according to their detail specification shall only be mounted on alumina
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Table 5 — Tests schedule for qualification approval

15—

Subclause number and test D Conditions of test Number of Performance
or specimens requirements
(see NOTE 1) ND (see NOTE 1) (n) and
number of (see NOTE 1)
non-
conforming
items (c)
GROUP 0 ND See Table 4
4.4 Visual examination As in 4.4.2
Legible marking and as
spocified-in-the detail
4.4 Dimension (detail) <( pecification
4.5.1 Chpacitance Frequency: ... Hz ;tolerance
Measuring voltage: ...V r.m.s
4.5.2 Tpngent of loss angle Frequency and measuring
(tgn o) voltage same as in 4.5.1 <
4.5.3 Irsulation resistance See detail specification for t sAn 4.5.3.3
method
4.5.4 \Vpltage proof See detail specification for th No breakdown pr flashover
method f\ N
GROUP f1A D | See Table 4
4.15 Rpbustness of
tgrmination
(if applicable)
No visible damage
4.9.2 Irjitial measurement
4.9 Resistance to \/\
spldering he@
495 F \ Visual examination As in 4.9.5
Capacitance As in 4.9.5
416 C Solvent: ...
re . . I
(f applicanle) Solvent temperature: ... See detail spegification
Method 2
Recovery: ...
GROUP 1B D See Table 4
4.5.5 Impedance Frequency: 100 kHz See detail specification

(if required)

456 ESR

(if required)
4.10 Solderability
4.10.3 Final

measurements

Frequency: 100 kHz

See detail specification for the
method

Visual examination

See detail specification

As in 4.10.3
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Subclause number and test D Conditions of test Number of Performance
specimens requirements
(see NOTE 1) or (see NOTE 1) (n) and
ND number of (see NOTE 1)
non-
conforming
items (c)
4.17 Solvent resistance of D Solvent: ... Legible marking
the marking ® ,
(if required) Solvent temperature: ...
Method 1
Rubbing material: cotton wool
Recovery: ... s
GROUP p D See Tabled
4.8 Substrate bending Deflection: ... cification
test Number of bends: ...
4.8.1 Irjitial measurement Capacitance
4.8.2 F|nal inspection Capacitance (with printed board
in bent position) <
Visual examination /\ 5 visible danfage
GROUP B D e T}W
4.3  Mounting S
Asin 4.4.2
Within specifigd tolerance
As in 4.5.2
As in 4.5.3.3
(\ No breakdown|or flashover
GROUP B.1 See Table 4
4.7 Shear test No visible danjage
4.11.2 Initial meast‘@nt
4.11 Riapid changee Speoial preconditioning as in
tgmperature \/\
Tp = Lower category
emperature
Tg = Upper category
temperature
Five cycles
Duration #4= 30 min
Recovery: (24 + 2) h
4.11.5 F|naldmeasurements Visual examination No visible damage
Capacitance AC/C: as in 4.11.5
4.12 Climatic sequence Special preconditioning as in
4.1
4.12.2 Initial measurement Capacitance
4.12.3 Dry heat Temperature: upper category
temperature
Duration: 16 h
4.12.4 Damp heat, cyclic,

test Db, first cycle
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Subclause number and test D Conditions of test Number of Performance
(see NOTE 1) or (see NOTE 1) SF’&‘;'::“Z"S requirements
ND number of (see NOTE 1)
non-
conforming
items (c)
4.12.5 Cold D Temperature: lower category See Table 4
temperature
Duration: 2 h
Visual examination No visible damage

Recovery: (24 + 2) h

4.12.6 |Damp heat, cyclic,
test Db, remaining
cycles
4.12.7 F|nal measurements Visual examination isi age
i iflg
Capacitance : 2.7
Tangent of loss angle in 4712.7
Insulation resistance \ As’in 4.12.7
GROUP B.2 D Sea Table

4.13 Diamp heat, steady Special preconditioning fas in 4,
sfate
4.13.2 Irjitial measurement i C)

4.13.5 F|nal measurements No visible damage
Legible marking

AC/C: as in 4.13.5

As in 4.13.5
nsﬁe{ion i As in 4.13.5
GROUP B.3 See Table 4
4.14 Epdurance Q i wﬁoning asin 4.1
jon: M h
\/\ Tem ure: ... °C
oltage: ... V
4.14.2 Initi \/ Capacitance
Recovery: (24 + 2) h
4145 F Visual examination No visible damage
Legible marking
Capacitance AC/C: as in 4.14.5
Tangent of loss angle As in 4.14.5
Insulation resistance Asin4.145
GROUP 3.4 D See Table 4
4.18 Accelerated damp Duration: ... h

heat, steady state

(if required) Temperature: (85 + 2) °C

Humidity: (85 + 3) %

4.18.1 Initial measurement Insulation resistance As in 4.18.1
Recovery: (24 + 2) h

4.18.4 Final measurements Insulation resistance As in 4.18.4

GROUP 4 ND See Table 4

4.6 Temperature Special preconditioning as in 4.1 AC/C: as in 4.6.3

characteristic of
capacitance

NOTE 1 Subclause numbers of test and performance requirements refer to Clause 4.
NOTE 2 In this table: D = destructive, ND= non-destructive.
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@ 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.

3.5 Quality conformance inspection
3.5.1 Formation of inspection lots
3.5.1.1 Group A and B inspection

These tests shall be carried out on a In’r-hy-lnt bhasis

A manpfacturer may aggregate the current production into inspection“lo j to the
following safeguards:

1) Tlhe inspection lot shall consist of structurally similar capacitors (Se

2a) The sample tested shall be representative of the valdes and % ' ntained
in the inspection lot:

in relation to their number;

with a minimum of five of any one value

2b) Iff there are less than five of ar} § wing of
spmples shall be agreed betwe Wrer and the National Supgrvising
Inspectorate.

3.5.1.2| Group C inspectjon

These fests shall be ca

Samplgs shall b d shall

be divigled into s \ in any
period, ; , other
sizes gnd/or voltaQe JS i b whole
range.

3.5.2

The sc 5 given
in Clau

3.5.3 Delayed delivery

When, according to the procedures of 3.10 of IEC 60384-1, re-inspection has to be made,
solderability and capacitance shall be checked as specified in Group A and B inspection.

3.5.4 Assessment levels

The assessment level(s) given in the blank detail specification shall preferably be selected
from Tables 6a and 6b.
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Table 6a — Lot-by-lot inspection

Inspection EZ
subgroup ¢ IL a | a | ca
AO 100 % b

A1 S-4 e 0
A2 S-3 ¢ 0
c
B1 S-3 0
c
B2 S-2 0
a |L = ipspeetiontevet

n = spmple size
¢ = pprmissible number of non-conforming items

b 100 % testing shall be followed by re-inspection by sampling in order to monitor
conformling items per million (ppm).The sampling level shall be established b
calculatfon of ppm values, any parametric failure shall be counted as a non-
non-confforming items occur in a sample, this lot shall be rejected.

¢ Num

d The

Y non-

pr more

Inspection

subgroup 9

c1 (\ 0
c2 &_ 12b 0
C3.1 Q 6 27 0
Cc3.2 Q 6 15 0
c3.3 /\,\\/\ 0
0

\/ 0

C3.4
c4

3 15
6 15b
6

a p = periodici

n = samy
¢ = perm onforming items

b Additional capacitorsN roup C3.4 is tested

¢ The contFnt of the inspection subgroup is described in Clause 2 of the relevant blank detail specification.
1
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4 Test and measurement procedures
This Clause supplements the information given in Clause 4 of IEC 60384-1.

4.1 Special preconditioning

Unless otherwise specified in the detail specification, the special pre-conditioning

, when

specified in this sectional specification before a test or a sequence of test, shall be made

under the following conditions:

Exposyre_at upper category temperature or at such highpr temperature as may he specified in

the defail specification during 1 h, followed by recovery during (24
atmospheric condition for testing.

NOTE Capacitors lose capacitance continuously with time according to a logarit
Howeverl if the capacitor is heated to a temperature above the Curie point of |
place i.el the capacitance lost through “ageing” is regained, and “ageing” rg
capacitof recools. The purpose of special preconditioning is to bring the cap
its previqus history. (See Clause B.4 for further information).

4.2 Measuring conditions

See 4.2.1 of IEC 60384-1.

4.3 Mounting
See 4.33 of IEC 60384-1.

4.4 Visual examination 4

See 4.4 of IEC 60384-

4.4.1 VYisual e

A visual examinatig
magnification a i
requirefd.

NOTE
appropri

available facilities for incident or transmitted illumination as we|

4.4.2 Requirements

Quantifative™ values for the requirements below may be given in the detail or

andard

ageing).

g’ takes
vhen the
rdless of

ely 10x
y level

| as an

in the

t ) HAP O
manufaetarers Speeteatton:

The capacitor shall:

4.4.2.1 For the ceramic:

1) Be free of cracks or fissures, except small damages on the surface, which
deteriorate the performance of the capacitor. (Examples: see Figures 1 and 2).

do not
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IEC 753/04

Figure 1 — Fault: crack or fissure

—

NOTE Crack or fissure on one side or extending from one face {6 anothef\gQvera

2) Not
Figlire 3).

Crack

IEC 755/04

3) Not : ectrodes between the two terminations (see Figure 4).

¥ layers of the capacit

Separation or delami

br (see

ation

% Exposed electrodes

IEC 756/04

Figure 4 — Exposed electrodes

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

between those (Annex A, dimension L,).
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4.4.2.2 For the metallization

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

2) 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.

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.

ching) shall not exceed 25 % of the length of the edge concerned,

4.5 Electrical
451 C

See 4.1

4.5.11

See Taple

rincipal edges

% IEC 757/04

Principal faces

gwing details:

ise specified in the detail specification.

Table 7 — Measuring conditions

The gaps in metallization shall not affect the two principal edges of each extremity of the

plating

Rated-capacitance Rated-vottage Frequency Measuring-voltage Referee-vottage
(Ur) (Vr.m.s.) (Vr.m.s.)
Cr< 100 pF a) 1 MHz 1,0+ 0,2 1,0 £ 0,02
100 pF < Cr< 10 pF Ug>6,3V 1 kHz 1,0+ 0,2 1,0 £ 0,02
Ur<6,3V 1 kHz 0,5+0,2 0,5+ 0,02
Cr>10 pF a) 100 Hz or 120 Hz 0,5+0,2 0,5+ 0,02

a) All rated voltages (Ug).
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4.5.1.2 Requirements

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

value taking into account the specified tolerance.

The capacitance as measured in the mounted state according to Group 3 is for reference

purposes only in further tests.

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

ageing time of 1 000 h (see Annex B for an explanation).

4.5.2 Tangent of Toss angle (tan 9)

See 4.8 of IEC 60384-1, with the following details:

4.5.2.1| Measuring conditions

The meeasuring conditions are the same as 4.5.1.
instruments shall not exceed 1 x 1073,

4.5.2.2( Requirements

The tapgent of loss angle, as measured in th
given im Table 8.

—
Rated voltage N\B B\,—éngent of loss angle
%

Ur

AN
Ugr 210 V All\éub $s C \e%\\Nyexceed 0,035 or value as may be given
in the detail specification

@ R s =

\/
0,2

NOK %{ee\Z\Z\S\or}f\eMon of the subclass codes.

The ta
referen infurther tests.

4.5.3 Insulation resistance (Ri)

See 4.5 of |IEC 60384-1_with the fnllnwing details:

asuring

he limit

B is for

4.5.31

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

Care shall be taken to maintain cleanliness in the test chambers and during post test
measurements. Before the measurement, the capacitors shall be fully discharged. The

insulation resistance shall be measured between the terminations.
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4.5.3.2 Measuring conditions

See 4.5.2 of IEC 60384-1, with the following details:

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

The insulation resistance (Ri) shall be measured after the voltage has been applied for
(60 = 5)s

For lotiby-lot testing (Group A) the test may be terminated in a shorter fime\f the required
value df insulation resistance is reached.

The product of the internal resistance of the voltage source and th b, of the

The chiprge current shall not exceed 0,05 A. For capa0|t s with kV and
above,[a lower limit value may be given in the detail specifj

4.5.3.3| Requirements

AN LA
IS C A oo fif

Cr>25nF /\, RXMOS

4.5.4 VYoltage proof
See 4.6 of IEC 60384-

4.5.4.1
The prq
The ch
For capasitor > imi e may
be givg i st may

4.5.4.2

The test voltages according to Table 9 shall be applied between the measuring points of
Table 3 in 4.5.3 of IEC 60384-1, for a period of 1 min for Qualification Approval testing and for
a period of 1 s for the lot-by-lot Quality Conformance testing.

Table 9 — Test voltages

Rated voltage Test voltage
\Y \Y
Ugr <100 2,5 U
100 < Ug < 200 1,6 Ug + 100
200 < Ug < 500 1,3 Ugr + 100
Ur > 500 1,3 Ug
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4.5.4.3 Requirement

There shall be no breakdown or flashover during the test.

4.5.5 Impedance (if required by the detail specification)

See 4.10 of IEC 60384-1, with the following details:

4.5.5.1 Measuring conditions

The fre uerncy ol fmeasurerment. TuU KRZ T TU 7o.

4.5.5.2 Requirements

Impedgnce shall be specified in the detail specification.

4.5.6 Equivalent series resistance [ESR] (if required b

See 4.8.2 of IEC 60384-1, with the following details:

4.5.6.1| Measuring conditions

The frejguency of measurement: 100

4.5.6.2| Requirements

The EJR shall be specifiedn

4.6 Temperature chara
4.6.1 $pecial @n
See 4.1.

4.6.2

See 4.24 1.

The ca
10.
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Table 10 — Details of measuring conditions

Tempoecl:'ature Reference within temperature cycle d.c. voltage applied
20+ 2 a -
6,13 b -
20+ 2 d -
0,20+ 2 f -
0,+2 f x
20+ 2 o X
0,3 b ( X
20 £ 2 a N Ox
NOTE 1| "-" indicates: no d.c. voltage applied

x" indicates: d.c. voltage applied (if specified in the detail specific

NOTE 2| Measurements shall be made at such intermediate temperatures
2.2.5 arg met.

€ requirgments of

NOTE 3 | Reference capacitance is the capacitance measured at “d”

NOTE 4| Because of the effects described in the Note in 4.1, { values_measured at terperature
referencg¢ “f”, “g” and “b” with d.c. voltage applied, are time depe . i i ndency is included in the
given linpits for capacitance change. The capacitance ch i the last measurgments at
temperafjure reference “a” indicates the amoupt of agej a dispute about the fesults of
measurements with d.c. voltage applied, it is gdvisable o interval between meagurements
at tempefature reference “f” and “b”.

1) 84 = Lower category temperature.

2) 0, = Upper category temperature.

D
4.6.3 Requirements \)\>

Tempefature chapacte ih\an ithout™d.c. voltage applied shall not exceed the|values
given in Table z«@

4.7 Shear test

See 4.3

See 4. EC € ” The deflection D and the number of bends shall be specified in the
detail

4.8.1

Capacitance: for reference see Table 5, group 2.

4.8.2 Final inspection

Capacitance (with board in bent position): for reference see Table 5, group 2.

Visual examination: for reference see Table 5, group 2.
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4.9 Resistance to soldering heat
See IEC 60068-2-58 with the following details:

4.9.1 Special preconditioning

See 4.1.

4.9.2 Initial measurement

The capacitance shall be measured according to 4.5.1.

4.9.3 Test conditions
4.9.3.1 Solder bath method (applicable to 1608 M, 2012 M and 3
NOTE $ee Table A.1 for explanation of the size code.

See Clpuses 5 and 6 of IEC 60068-2-58, with the following
in the detail specification:

d ot’otherwise specified

The specimen shall be preheated to a temperature ¢ d maintained for 30 s

to 60 s

Tempefature:
Duratidn of immersion:

Depth tf immersion:
€

Numbef of immersions:

4.9.3.2

See CI

a) the

b) the

c) the en shall be placed on the solder paste;

d) unlg¢ssotherwjse spekifiedvin the detail specification, the specimen and test substrate shall
be ated~toRa temgperature of (150 £+ 10) °C and maintained for 60s to 120 s in
infr i 338 convection soldering systems;

e) the the reflow system shall be quickly raised until the specimgen has

reached (235 +

f) the temperature profite stattbe specifiedmthe detaitspecification:

°C and maintained at this temperature for (10 = 1) s. Number of tests: 2;

4.9.4 Recovery

The capacitors shall recover for 24 h + 2 h.
The flux residues shall be removed with a suitable solvent.

4.9.5 Final inspection, measurements and requirements

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

Under normal lighting and approximately 10x magnification, there shall be no signs of damage
such as cracks.
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Dissolution of the end face plating (leaching) shall not exceed 25 % of the length of the edge

concerned. The detail specification may prescribe further details.

The capacitance shall be measured according to 4.5.1 and the change shall not exceed the

values in Table 11:

Table 11 — Maximum capacitance change

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

NOTE See 2.2.5 for an explanation of the
subclass codes.

4.10 Solderability

See |IEC 60068-2-58 with the following details:

4.10.1 | Test conditions

See Clauses 5 and 6 of IEC 60068-2-

4.10.1.
NOTE

See ClI
in the @

The sp
to 60 s

Tempef

Duratio

4.10.1.R dnfrared and forced gas convection soldering system

See Clauses 7 and 8 of IEC 60068-2-58 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 solder paste;

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

be preheated to a temperature of (150 £ 10) °C and maintained for 60 s to 120 s in the

infrared and forced gas convection soldering system;

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

(215 £ 3) °C and maintained at this temperature for (10 £ 1) s;
f) temperature profile shall be specified in the detail specification.
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4.10.2

Recovery

The flux residues shall be removed with a suitable solvent.

4.10.3

Final inspection, measurements and requirements

The capacitors shall be visually examined under normal lighting and approximately

10x ma

gnification. There shall be no signs of damage.

Both end faces and the contact areas shall be covered with a smooth and bright solder
coating with no more than a small amount of scattered imperfections such as pinholes or
unwetted or de-wetted areas. These imperfections shall not be concentrated in one area.

The de
411 F
(Applic
See 4.1
The ca

4111

See 4.1.

4.11.2

The ca

4.11.3

Duratio

4.11.4
4.11.5

The ca

The capacitance

values

ail specification may prescribe further requirements.

fapid change of temperature

Able only to capacitors for which the category temperature
6 of IEC 60384-1, with the following details:

bacitors shall be mounted according to 4.3

Special preconditioning

Initial measuremeni

bacitance shall ke m

Number

n of exposdurg

in"Table 12.

ped the

Table 12 — Maximum capacitance change

Subclass Requirements

2B and 2C +10 %

2D and 2R +15 %

2E and 2F 120 %
NOTE See 2.2.5 for an explanation of the subclass
codes.
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4.12 Climatic sequence
See 4.21 of IEC 60384-1, with the following details:

4.12.1 Special preconditioning
See 4.1.

4.12.2 Initial measurement

The capacitance shall be measured according to 4.5.1.

4.12.3 | Dry heat

See 4.21.2 of IEC 60384-1.

4.12.4 [Damp heat, cyclic, Test Db, first cycle

See 4.21.3 of IEC 60384-1.

4.12.5 |Cold

See 4.21.4 of IEC 60384-1, with the following de

4.12.5.1 Final inspection and require

The capacitors shall be visually examirnied. There\§! no visible damage.

4.12.6 |[Damp heat, cycli

See 4.21.6 of IEC 60384

4.12.6.1 Cond of

No voltage appliegx

able 13 — Number of damp heat cycles

\ Category No. of cycles of 24 h
x\/ -/ —156 5

/=121 1
-/-1710 1

L L 04
T T

P

4.12.6.2 Recovery

The capacitors shall recover for (24 + 2) h.

4.12.7 Final inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage.
The capacitors shall be measured and shall meet the following requirements:

If the capacitance value is less than the minimum value permitted, then after the other
measurements have been made the capacitor shall be preconditioned according to 4.1 and
then the requirement in Table 14 shall be met.
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Table 14 — Final inspection, measurements and requirements

Requirements
Measurement Measuring
u conditions Subclasses Subclasses Subclass Subclass
2B and 2C 2D and 2R 2E 2F
Capacitance 4.5.1 AC/C <210 % AC/C <215 % AC/C £ £20 % AC/C £ £30 %
Tangent of loss 4.5.2 <2 x value of 4.5.2
angle
Insulation 453 R;{ 21000 MQ orR; x Cr225s
resistance o (whichever is the less)
NOTE See 2.2.5 for an explanation of the subclass codes.

4.13 Damp heat, steady state
See 4.22 of IEC 60384-1, with the following details:

The capacitors shall be mounted according to 4.3.
4.13.1 [ Special preconditioning

See 4.1.

4.13.2 |Initial measurement

The capacitance shall be measured acgerdi

4.13.3

No volt

When t{he appli i ibeg lot and
no volt i
Within 0454

NOTE [
1 kV and 2

Itages of

4.13.4

The capaeitors shall recover for 24 h £+ 2 h.

4.13.5 Final inspection, measurements and requirements

The capacitors shall be visually examined. There shall be no visible damage.
The capacitors shall be measured and shall meet the following requirements:

If the capacitance value is less than the minimum value permitted, then after the other
measurements have been made, the capacitors shall be preconditioned according to 4.1 and
then the requirement in Table 15 shall be met.
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