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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 dietectric, Cltass—1

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of FIEC is to prg

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and-electronic fields. To

is end and in addition to other activities, IEC publishes International Standards, ‘Technical Specificati

bchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Ublication(s)"). Their preparation is entrusted to technical committees; any IEC.National Committee inter
the subject dealt with may participate in this preparatory work. Interpational, governmental and
bvernmental organizations liaising with the IEC also participate in this préparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordancé with conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters exptess, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro|
terested IEC National Committees.

C Publications have the form of recommendations for jnternational use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts_are.made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC“National Committees undertake to apply IEC Publicg
pnsparently to the maximum extent possible in their national and regional publications. Any diverd
btween any IEC Publication and the correspending national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independenticertification bodies.

| users should ensure that thiéyshave the latest edition of this publication.

o liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical.committees and IEC National Committees for any personal injury, property dama
her damage of any/ nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising adutyof the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is dfawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable)for the correct application of this publication.

tention\js" drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent\rights. IEC shall not be held responsible for identifying any or all such patent rights.

ested
non-
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60384-21 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

This third edition cancels and replaces the second edition published in 2011. This edition

cons

titutes a technical revision.

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

a) revision of the structure in accordance with ISO/IEC Directives, Part 2:2016 to the extent

gracticapte, amdfor frarmomnizing Wit tTEC 60384-22;

b) deletion of the description on the permissible reactive power in 6.2.2 becausexit,is| not
appropriate for the purposes of this document;
c) the dimensions of 0201M in Annex A have been added.
The|text of this International Standard is based on the following documents:
FDIS Report on voting
40/2639/FDIS 40/2651/RVD
Fulllinformation on the voting for the approval of this International Standard can be fourjd in
the feport on voting indicated in the above table.
This|document has been drafted in accordance with.the 1SO/IEC Directives, Part 2.
A lidt of all parts in the IEC 60384 series, publishied under the general title Fixed capacjtors
for Use in electronic equipment, can be foundcen the IEC website.
The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this datesthe document will be
e rleconfirmed,
e Withdrawn,
o rieplaced by a revised edition, or
e 3amended.
IMPDRTANT.~ The “colour inside” logo on the cover page of this publication indicptes
that|it contains colours which are considered to be useful for the correct understanding

of it

5. contents. Users should therefore print this publication 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

anaral

1

This
capd
hav{

printed boards, or directly onto substrates for hybrid circuits.

Cap
IEC

1.2

The
from

metlpods and to give general performance requirements for this type of capacitor.

seve
speq
are

2

The

content constitutes requirements of this document. For dated references, only the ed

cited
any

IEC
Amg
Amg

IEC

Scope

part of IEC 60384 is applicable to fixed unencapsulated surface mount multil
icitors of ceramic dielectric, Class 1, for use in electronic equipments These capac
metallized connecting pads or soldering strips and are intended [to be mountec

hcitors for electromagnetic interference suppression are not included, but are covere
60384-14.

| Object
IEC 60384-1 the appropriate quality assessment procedures, tests and meast

rities and requirements prescribed in detail specifications referring to this secti
ification-should—be are of equal or higher performance levels; lower performance le
not permitted.

Normative references

following documents are.referred to in the text in such a way that some or all of

applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.
60063:19635 Preferred number series for resistors and capac
ndment-1(1967)
B R e g
60068-1:1988 2013, Environmental testing — Part 1: General and guidance

ayer
tors
on

d by

object of this document is to prescribe preferred\ratings and characteristics and to se¢lect

ring
Test
onal
vels

heir
ition
ding

tors

IEC 60068-2-58:2004 2015, Environmental testing — Part 2-58: Tests — Test Td — Test
methods for solderability, resistance to dissolution of metallization and to soldering heat of
surface mounting devices (SMD)

IEC

60068-2-58:2015/AMD1:2017

IEC 60384-1:2008 2016, 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

ISO

3:1973, Preferred numbers — Series of preferred numbers
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3 Terms and definitions

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

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

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

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

3.1

surf]
mulf]
suitd

3.2

fixed
cap4
high
is re

Note

3.3
sub
for 4

ace mount multilayer capacitor
layer capacitor whose small dimensions and nature or shape of terminations ma
\ble for surface mounting in hybrid circuits and on printed boards

H-capaciters; capacitor of ceramic dielectric, Class 1

icitor 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 itsrated nominal temperature coefficient ().

Class
L given nominal temperature coefficient, the.subclass is defined by the tolerance on

temperature coefficient

Note

Note
+20 9
capa

3.4
cate

rahg

1 to entry: See Table 2.

2 to entry: The nominal temperature cegfficient value and its tolerance refer to the temperature inter
C to +85 °C, but because in practice~JC curves are not strictly linear, it is necessary to define lin
itance deviation (AC/C) for other temperatures (see Table 3).

gory temperature range
le—of ambient temperatures range for which the capacitor has been designed to ope

continuously

Note

3.5
rate
TR
max

1 to entry: Thig is-given by the lower and upper category temperature.

[ temperature

e it

and
ient

the

al of
hiting

rate

nium ambient temperature at which the rated voltage may be continuously applied

3.6

rated-é-c- voltage

Ug

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

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

3.7

category voltage

Uc

maximum voltage that-may can be applied continuously to a capacitor at its upper category
temperature
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4 Information to be given in a detail specification

4.1 General

The 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
listed in 1.9 of the detail specification and indicated in the test schedules, for example by an
asterisk.

NoTE The information given in 4.2 may be presented in tabular form if more convenient:

Thelinformation in 4.2 to 4.5 shall be given in each detail specification and the yalues qupted
shall-preferably should be selected from those given in the appropriate clause of,this sectipnal
spegification.

4.2 | Outline drawing and dimensions

Thefe shall be an illustration of the capacitors as an aid to{easy recognition and for
comparison of the capacitors with others.

Dimensions and their associated tolerances, which affect interchangeability and mounting,
shal] be given in the detail specification. All dimensions shallpreferably be statefl in
millimetres; however, when the original dimensions aré.given in inches, the converted metric
dimensions in millimetres shall be added.

Normally the numerical values shall be givenfor the length, width and height of the bpdy.
Whgn necessary, for example when a numbet~of items (sizes and capacitance/voltage ranges)
are povered by a detail specification, the dimensions and their associated tolerances shall be
placged in a table below the drawing.

Whgn the configuration is other than described above, the detail specification shall state $uch
dime¢nsional information as will.adequately describe the capacitors.

4.3 | Mounting

The|detail specification shall give guidance on methods of mounting for normal use. Mounting
for fest and measureément purposes (when required) shall be in accordance with 8.4 of|this
sectjonal specification.

4.4 | Rating“and characteristics

4.4.1 General

The ratings and characteristics shall be in accordance with the relevant clauses of this
sectional specification, together with 4.4.2, 4.4.3 and 4.4.4.

4.4.2 Nominal capacitance range

See 6.2.4.1.

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 the register of approvals, available for example on the IECQ on-line certificate
system website: www.iecq.org".
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4.4.3 Particular characteristics

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

4.4.4 Soldering

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

4.5 Marking

The|detail specification shall specify the content of the marking on the capacitor and on the
packaging. Deviations from Clause 5 of this sectional specification shall be specifically stated.

5 Marking

51 General

See|lEC 60384-1:2016, 2.4, with the details of 5.2 to 5.6.

5.2 | Information for marking

Thelinformation given in the marking is normally selected)from the following list; the relative
impgrtance of each item is indicated by its position in_the list:
— nominal capacitance;

— 1fated voltage (DC voltage may be indicated*dy the symbol: ”__ [IEC 60417-5031(2002410)]
or — );

tplerance on nominal capacitance;

— temperature coefficient and its tolerance as applicable (in accordance with 6.2.5);
— year and month (or week) of manufacture;

— manufacturer’s name or trade mark;

— ¢limatic category;

— rpanufacturer’s type_designation;

— neference to the-detail specification.

5.3 | Marking.en‘the body

Thege capacitors are generally not marked on the body. If some markings can be applied,
theyl shall be clearly marked with as many as possible of the items stated in 5.2 gs is
congidered useful. Any duplication of information in the marking on the capacitor shoul@ be
avoided-

5.4 Requirements for marking

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

5.5 Marking of the packaging

The packaging containing the capacitor(s) shall be clearly marked with all the information
listed in 5.2.

5.6 Additional marking

Any additional marking shall be so applied that no confusion can arise.
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6 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.
The|lower and upper category temperatures and the duration of the damp heat, steady“state
testshall be chosen from the following:
— Ipwer category temperature: -55 °C, -40 °C, -25 °C, -10 °C and +10-°C;
— ypper category temperature: +70 °C, +85 °C, +100 °C, +125 °C.and +150 °C;
— duration of the damp heat,

dgteady 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 Gpper category temperatpres
respectively.
NOTE The resistance to humidity resulting from the above climatic, category is for the capacitors in|their
unmdunted state. The climatic performance of the capacitors after,mounting is greatly influenced by the moynting
subsfrate, the mounting method (see 8.4) and the final coating.
6.2 | Preferred values of ratings
6.2.1 Rated temperature (Tg)
For [capacitors covered by this sectional specification, the rated temperature is equal td the
uppeér category temperature, unless thexipper category temperature exceeds 125 °C.
6.2.2 Rated voltage (Ug)
The|preferred values of the-rated voltage are the values of the R5 series of ISO 3. If dgther
values are needed, they shall be chosen from the R10 series.
The|sum of the DC. _voltage and the peak AC voltage or the peak to peak AC voltage,
whighever is the, greater, applied to the capacitor shall not exceed the rated voltage.{Fhe
s the sy Sle ne olinor shall sor cocerod tho wnlun deioreined b s sopsnegible
O B i
6.2.3 Category voltage (Ug)
Whenmthe Tated temperature 15 oefimed—as the Upper category [EMperature, the category

voltage is equal to the rated voltage as defined in IEC 60384-1:2016, 2.2.5. If the upper
category temperature exceeds 125 °C, or the rated voltages exceed 500 V, the category
voltage shall be given in the detail specification.

6.2.4 Preferred values of nominal capacitance and associated tolerance values

6.2.4.1 Preferred values of nominal capacitance

Nominal capacitance values shall be taken from the number series of IEC 60063; the E6, E12

and

E24 series are preferred.

6.2.4.2 Preferred tolerances on nominal capacitance

See

Table 1.
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Table 1 — Preferred tolerances on nominal capacitance

Preferred Tolerance
series C, > 10 pF Letter code C, < 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
n Q E O = B
1 /0 TO, L P
6.2.% Temperature coefficient (a)
6.2.5.1 Nominal temperature coefficient and tolerance

Table 2 shows the preferred nominal temperature coefficients and the associated toleranices,

exprlessed in parts per million per Kelvin (1076/K), and the corresponding subclasses|and
codes.

The|detail specification shall specify for each temperature coefficient the minimum valde of
capacitance for which the given tolerance of temperature coefficient—may can be verified,
congidering the accuracy of the methods of capacitance measurement specified.

For yalues of capacitance lower than this minimum vatue:

a) ﬂhe detail specification shall specify a multiplying factor for the tolerance on «, as wejl as
he permissible changes of capacitance at the’lower and upper category temperature;

b) s$pecial methods of measurement may~be necessary and, if required, shall be—tested
tated in the detail specification.
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Table 2 — Nominal temperature coefficient and tolerance

IEC 60384-21:2019 RLV © IEC 2019

Nominal temperature Tolerance on temperature Subclass Letter code for
coefficient(1078/K) coefficient(1078/K) B Tolerance

+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

-1500 +250 1F A% K

+140 > ¢ > -1 000 : 1c SL -

NOTE 1 Preferred temperature coefficients values (a) are underlined.

NOTE 2 The nominal temperature coefficients and their tolerances aredefined using the capacitance chpnge

betwgen the temperatures 20 °C and 85 °C.

NOTE 3 A capacitor with a temperature coefficient 0 x 107%/K<and a tolerance on temperature coefficient of

+30 x 107%/K is designated as a CG capacitor (subclass 1B).

a This temperature coefficient value is not subjéct. to inspection, since no limits for relative
cppacitance variation are specified in Table 3.

NOTE See Annex B for the reference temperaturelof 25 °C as an informative guidance.

6.2.5.2 Permissible relative variation of capacitance

Table 3 shows for each combination of temperature coefficient and tolerance the permissible

relafive variation of capacitance’ expressed in parts per thousand at both the upper and lpwer

category temperatures. Temperature coefficients and tolerances are expressed in parts| per

milli

bn per Kelvin (1076/K).



https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3

IEC 60384-21:2019 RLV © IEC 2019 - 15 -

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
o Tolerance

107%/K 107%/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) =225/ -1.80/ =135/ -0,90/ =1.50/ -1.95/ =2.40/ =3.15/
5,45 4,36 3,27 2,18 1,50 1,95 2,40 8,15

-33 +30 (G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ #6,p2/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0J32

-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 -4173

1150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,71 -14,4/ -14,9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -12,6

1220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ 16,2/ -20,0/ -24,3/
25,6 20,46 15,3 10,2 -9,50 12,4 -15,2 -20,0

1330 +60 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,5/ -25,4/ -31,2/ -41,0/
38,4 30,7 23,0 15,4 713,56 -17,6 -21,6 -28,4

1470 +60 (H) 30,8/ 24,6/ 18,5/ 12,3/ 26,5/ -34,5/ -42,4/ -58,7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1

1750 +120 (J) 47,3/ 37,8/ 28,4/ 18,9/ -43,5/ -56,6/ -69,6/ -91,4/
82,3 65,8 49,4 32,9 -31,5 -41,0 -50,4 -66,2

-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 -78,8

-1 500 +250 (K) 93,8/ 75,0/ 5653/ 37,5/ -87,5/ -114/ -140/ -184/
163 130 97,7 65,1 -62,5 -81,3 -100 -1B1

When the upper category temperature is above/125 °C, the limits shall be given in the detail specification.

NOTE 1 Preferred temperature coefficieht'values («) are underlined.

NOTE 2 The temperature coefficient limits at the temperature range from 20 °C to the upper categ

ory

temperature are calculated by th€ nominal temperature coefficients and their tolerances (see formula a) of NOTE

3)

The| temperature coefficient limits at the temperature range from 20 °C to -55 °C are calculated by using
formulas b) and c) of NOTE 3.

NOTE 3 The capacitance deviations at the lower category temperature are obtained by using follo
fornjulas:
a) ppper and,Iower permissible relative variation in capacitance under upper category temperature:

b)

c)

\C/C\(10~%) = (nominal temperature coefficient + tolerance on temperature coefficient*) x (upper categor
empérature — 20)/1 000

lower permissible relative variation in capacitance under lower category temperature:

AC/C (1073) = (nominal temperature coefficient + tolerance on temperature coefficient*) x (lower category
temperature — 20)/1 000

upper permissible relative variation in capacitance under lower category temperature:

AC/C (107%) = [(-36) — (1,22 x tolerance on temperature coefficient*) + (0,22 x nominal temperat
coefficient) + nominal temperature coefficient ] x (lower category temperature — 20)/1 000

where tolerance on temperature coefficient* is an absolute value.

the

ing

ure

6.2.6 Dimensions

Suggested rules for the specification and coding of dimensions are given in Annex A.
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Specific dimensions shall be given in the detail specification.

7

7.1

Quality assessment procedures

Primary stage of manufacture

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

7.2

Cap

Structurally similar components

citors considered as being structurally similar are capacitors produced with Si

progesses and materials, though they may be of different case sizes and values.

nilar

7.3 | Certified records of released lots

The|information required in IEC 60384-1:2016,—Q-9 Q.1.5, shall be made available when
prescribed in the detail specification and when requested by a purchasér.” After the endurance
test| the parameters for which variables information is required aresthe capacitance chapge,
tan ¢ and the insulation resistance.

7.4 | Qualification approval

7.4.1 General

The|procedures for qualification approval testing are\given in IEC 60384-1:2016, Clause{Q-5
Q.2.

The|schedule to be used for qualification.approval testing on the basis of lot-by-lot|and
peripdic tests is given in 7.5. The procedure using a fixed sample size schedule is givgn in

7.4.

7.4.

The
sam
may

For
max
the

P and 7.4.3.

p Qualification approval enthe basis of the fixed sample size procedures

fixed sample size procedure is described in IEC 60384-1:2016,—Q-5-3—b) Q.2.4.
ple shall be representative of the range of capacitors for which approval is sought.
or may not be the complete range covered by the detail specification.

each temperature coefficient, the sample shall consist of specimens of capacitor
mum and minimum size and for each of these sizes, the maximum capacitance valus
highest rated voltage and minimum rated voltage of the voltage ranges for which appr

The
This

s of
e for
oval
D be

is squght. \When there are more than four rated voltages, an intermediate voltage shall als

(cap
cong

acitance/voltage combinations) for each temperature coefficient. Where the total range

test¢d. Thus, for the approval of a range, testing is required of either four or six v?lues
ists” of less 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

7.4.3.

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

Two (for six values) or three (for four values) per value may be used as replacements for
specimens that are non-conforming because of incidents not attributable to the manufacturer.

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

num

bers may be reduced accordingly.
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When additional groups are introduced into the qualification approval test schedule, the
number of specimens required for Group O shall be increased by the same number as that
required for the additional groups.

Table 4 gives the number of samples to be tested in each group or subgroup together with the
number of permissible non-conformances for the qualification approval test.

7.4.3 Tests

The complete series of tests specified in Table 4 and Table 5 are required for the approval of
capacitors covered by one detail specification. The tests of each group shall be carried aut in

the ¢rder given.

The|whole sample shall be subjected to the tests of Group 0 and then divided fer the dther
groups.

Nontconforming specimens found during the tests of Group 0 shall not be"used for the gther
groups.

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

Whgn approval is sought for more than one temperature ceefficient at the same time, the|test
schgdule and sample size required for the smallest, temperature coefficient are thosp of
Grolips 1, 2 and 3. For each additional temperature~coefficient, the testing is limited tq the
test$ and sample sizes as specified for Subgroup 3{3 and Group 4.

Thel|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 calculatel the
total actual non-conforming items for temperature coefficients other than the smallest,| the
nonq{conforming items in Groups 1, 2 and*3 for the smallest temperature coefficient are agded
to t;l;e non-conforming items in Subgroup 3.3 and Group 4 for that particular tempergture

coefficient.
The| approval is granted when the number of non-conforming items—de—neot—exceed{-the
Spe( ified number of pnrmu¢c|h|a non r\nnfr\rrn|ng items for each grnnp or sub gro |p an the

NOTE Table 4 and Table 5 together form the fixed sample size test schedule. Table 4 inclydes
the petails 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-has-te shall be made in the detail
spegification.

The conditions of test and performance requirements for the fixed sample size test schedule
should shall be identical to those prescribed in the detail specification for quality conformance
inspection.
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Table 4 — Fixed sample size test plan for qualification approval —
Assessment level EZ

Group Test Subclause of Number of Permissible
No. this publication specimens number of
R nonconforming
n items
o
0 Visual examination 8.5
Dimensions 8.5 132+ 24 0
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
Spare specimens 12
1A Robustness of termination 9 8.16 12 0
Resistance to soldering heat 8.10
Component solvent resistance P 8.17
1B Solderability 8.11 12 0
Solvent resistance of marking ° 8.18
2 Substrate bending test 9 8.9 12 0
32 Mounting 8.4
Visual examination 85 84 +24f o¢
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
3.1 Shear test I 8.8 24 0
Rapid change of tempetature 8.12
Climatic sequence 8.13
3.2 Damp heat, steady ‘state 8.14 24 0
3.3 Endurance 8.15 36 0
3.4 Accelerated damp heat, steady state P 8.19 24 f 0
4 Temperature coefficient and temperature 8.7 12 0
cycle/drift
a8 Thervalues of these measurements serve as initial measurements for the tests of Group 3.
b frequired 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 7.4.2.
Additional capacitors, if Group 3.4 is tested.
9 Applicable to capacitors with strip terminations.

Not applicable to capacitors with strip terminations.
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Table 5 — Tests schedule for qualification approval

. thadl

Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 0 ND See Table 4
8.5 Visual examination As in 8.5.3
| c\gihln m::rlzing and-a
specified in the detail
specification
8.5 Dimension (detail) See the detall
specification
8.6|1 Capacitance Frequency: ... Hz Within specified tolerapce
Measuring voltage:...V RMS
8.6]2 Tangent of loss Frequency and Measuring As’in 8.6.2.3
angle (tan o) voltage same as in 8.6.1
8.6|3 Insulation resistance See detail specification for As in 8.6.3.4
the method
8.6|4 Voltage proof See detail specification for No breakdown or
the method flashover
GRPUP 1A D See Table 4
8.1p Robustness of Test Ua,, Force:2,5N
termination
(If applicable) Test Ub, Method 1,
Force:2,5 N
Number of.bends:1
Visual examination No visible damage
8.1p.2 Initial measurement Capacitance
8.1p Resistance to See detail specification for
soldering heat the(method
Recovery: 6 hto 24 h
8.1p.5 Final measurement Visual examination As in 8.10.5
Capacitance As in 8.10.5
8.1y Component solvent Solvent: ... See detail specificatio
resistance
(if required) Solvent temperature:...
Method 2
Recovery: ...
GRIOUP/1B D See Table 4
8.1[L\ (Solderability See detail specification for

8.11.4 Final measurements

8.18 Solvent resistance
of the marking 2

(if required)

Visual examination
Solvent: ...

Solvent temperature: ...
Method 1

Rubbing material: cotton
wool

Recovery: ...

Asin 8.11.4
Legible marking



https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3

- 20 - IEC 60384-21:2019 RLV © IEC 2019
Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 2 D See Table 4
8.9 Substrate Deflection: ... See detail specification
bending test Number of bends: ...
8.9.2 Initial measurement Capacitance
8.9[3—Fimatmspection capacitance (wittr primted fxCICT=5%
board in bent position)
Visual examination No visible damage
GRIOUP 3 D See Table 4
8.4 Mounting Substrate material: ...°
Visual examination As-in 8.5.3
Capacitance Within specified tolerapce
Tangent of loss angle As in 8.6.2.2
Insulation resistance As in 8.6.3.4
Voltage proof No breakdown or
flashover
GRIOUP 3.1 D See Table 4
8.8 Shear test Visual examination No visible damage
8.1P.2 Initial measurement Capacitance

8.1

8.1

8.1

8.1
8.1

8.1

P Rapid change of
temperature

P.5 Final measurements
B Climatic sequeTtice

B.2 Initial Measurement

B.3 Dry heat

B.4,'Damp heat, cyclic,

T, = Lower category

A
temperature

Tg = Uppertategory
temperature

Five_cycles

Duration t, =30 min
Recovery: 6 h to 24 h
Visual examination

Capacitance

Capacitance

Temperature: upper category
temperature

Duration: 16 h

No visible damage

As in 8.12.5

test Db, first cycle

8.13.5 Cold

8.13.6 Damp heat, cyclic,

test Db, remaining
cycles

Temperature: lower category
temperature

Duration: 2 h
Visual examination

Recovery: 6 hto 24 h

No visible damage
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
8.13.7 Final measurements Visual examination No visible damage
Legible marking
Capacitance As in 8.13.7
Tangent of loss angle As in 8.13.7
fsotatom Tesistance AS T 8. 1377
GRIOUP 3.2 D See Table 4
8.14  Damp heat, steady
state
8.11.2 Initial measurement Capacitance
Recovery: 6 hto 24 h
8.14.5 Final measurements Visual examination No visible damage
Legible marking
Capacitance Asin 8.14.5
Tangent of loss angle As in 8.14.5
Insulation resistance As in 8.14.5
GRPOUP 3.3 D See Table 4
8.1p Endurance Duration: ... h
Temperature: ...°C
Voltage: ...V
8.1p.2 Initial measurement Capacitance
Recovery: 6, h'to 24 h
8.1p.5 Final measurements Visual 'examination No visible damage
Legible marking
Capacitance As in 8.15.5
Tangent of loss angle Asin 8.15.5
Insulation resistance As in 8.15.5
Grqup 3.4 D See Table 4
8.1p Accelerated damp Duration: ... h
heat, steady state
(if required) Temperature: (85 £ 2) °C
Humidity: (85 £+ 3) % RH
8.1P.2 Initiabhmeasurement Insulation resistance As in 8.19.2
8.1p.5Final measurement Recovery: 6 hto 24 h
Hsthation—+esistance As+-8-18-5
Group 4 ND See Table 4

8.7 Temperature
coefficient and cyclic
drift

Preliminary drying:
16 hto 24 h

Asin 8.7.4

NOTE 2

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

NOTE 1 Subclause numbers of test and performance requirements refer to Clause 8.

b

a8 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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Quality conformance inspection

7.5.1 Formation of inspection lots

7511 Groups A and B inspection

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

A manufacturer may aggregate the current production into inspection lots subject to the
following safeguards.

1
2a)

2b)

7.5.

The

Sam

be divided into small, medium and large sizes. In ofdef to cover the range of approvals in

peri
size
rangd

7.5.

The
in C

7.5.

-
I

1 H — [ T [ " T H 1 . L =20
ME MMISPTLUHUIT TOU STIAIT LOUTISTST UT Structuralty Simiar Lapatitulrs (STt 17.2).

The sample tested shall be representative of the values and the dimens
contained in the inspection lot:

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

If there are-less fewer than five of any one value in the sample, the basis for the dra
of samples shall be agreed between the manufacturer and the>National-Supervi

lnspectorate-* Certification body (CB).

| .2 Group C inspection

be tests shall be carried out on a periodic basis.

ples shall be representative of the current production of the specified periods and
pd, one voltage shall be tested from each group of sizes. In subsequent periods, d

5 and/or voltage ratings in production shallibe tested with the aim of covering the wj
e.

p Test schedule

schedule for the lot-by-lot and~periodic tests for quality conformance inspection is g
ause 2 of the blank detail specification.

B Delayed delivery

ions

ving

shall
any
ther
hole

iven

Lhas
and

Whgn, in accordance-with the procedures of IEC 60384-1:2016,-Q-10 Q.1.7, re-inspection

te shall be made, solderability and capacitance shall be checked as specified in Groups A

B ingpection.

7.5.4 AsSessment levels

The|assessment level(s) given in the blank detail specification—shalpreferably shoul&f be
selected from Table 6 and Table 7.
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Table 6 — Lot-by-lot inspection

Inspection EZ

subgroupd L ne ca
A0 100 %P
Al S-4 ¢ 0
A2 S-3 ¢ 0
B1 S-3 ¢ 0
B2 S-2 ¢ 0

a8 |L = inspection level
h = sample size
= permissible number of non-conforming items

fhe inspection shall be performed after removal of nonconforming items by 100 %gtesting during|the
manufacturing process. Whether the lot was accepted or not, all samples for sampling inSpection shall be
performed inspected in order to monitor outgoing quality level by nonconforming itemsyper million (x 107%).

Fhe sampling level shall be established by the manufacturer, preferably in accerdance with IEC 61193-
P:2007, Annex A.

n the case where one or more nonconforming items occur in a sample, (this’lot shall be rejected, butfthe

phole-sample-shall-be-inspected-and all nonconforming items shall be gounted for the calculation of quplity

evel values. Outgoing quality level by nonconforming items per milliom (x.107%) values shall be calculatefl by
hccumulating inspection data in accordance with the method given ifE€ 61193-2:2007, 6.2.

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

Fhe content of the inspection subgroup is described in Claugses2.of the relevant blank detail specification.

Table 7 — Petiodic tests

Inspection EZ
subgroup® pa na ca
C1 3 12 0
Cc2 3 12 0
C3.1 6 27 0
C3.2 6 15 0
C3.3 3 15 0
C3.4°¢ 6 15 0
C4 6 9 0

a8 p = periodicity in months
h = sample size

—\permissible number of non-conforming items

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

¢ If required.

8 Test and measurement procedures

8.1 General

This clause supplements the information given in IEC 60384-1:2016, Clause 4.

8.2 Preliminary drying
See IEC 60384-1:2016, 4.3.
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Measuring conditions

See |IEC 60384-1:2016, 4.2.1.

8.4

Mounting

See IEC 60384-1:2016, 4.33.

8.5

8.5.

See|lEC 60384-1:2016, 4.4, with the details of 8.5.2 and 8.5.3.

Visual examination and check of dimensions

1 General

8.5.2 Visual examination
A vjsual examination shall be carried out with suitable equipment with, approximately
10x |magnification and lighting appropriate to the specimen under test and the quality level

reqyired.

NoTE The operator should have available facilities for incident oriransmitted illuminatio
welllas an appropriate measuring facility.

8.5.

8.5.

Quantitative values for the requirements beloin, 'may be given in the detail or in
manjufacturer’s specification.

8.5.

Reqgpirements for the ceramic are as_foltows:

a)

NOT

B Requirements

B.1 General

B.2 Requirements for the ceramic

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

P

IEC

Figure 1 — Fault: crack or fissure

N as

the

rate

—

IEC

E 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 capacitor

(see Figure 3).
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Figure 3 — Separation or delamination
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gaps in metallization‘\shall not affect the two principal edges of each extremity of the bloc

four
not

principal.

lat axdhihit avn
XTI EXP T tt vy

Exposed electrodes.
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Figure 4 — Exposed electrodes

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

he principal faces (see Figure 5)-are those noted A, B and C.
h the case of capacitors .of 'square section, the faces D and E are also consid

maximum area of gaps in metallization on each principal face shall not be greater
of the area of that‘face; these gaps shall not be concentrated in the same area.

edges for square section capacitors). Dissolution of the end face plating (leaching)
bxceed 25 ,%:0f the length of the edge concerned.

pn a

[he ceramic body shall be free of any conducting smears. {(metallization, tinning, etc.)
entral zone between two adjacent terminations whichyis equal to the minimum distance
etween those (Annex A, dimension L,).

.8.3 Requirements for the metallization
Liirements for the metallization are as follgws:

any

ered

than
The

(or
shall

/ Principal edges

D IEC

Figure 5 — Principal faces
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Electrical tests

8.6.1 Capacitance

8.6.1.1 General

See

IEC 60384-1:2016, 4.7, with the details of 8.6.1.2 and 8.6.1.3.

8.6.1.2 Measuring conditions

Unless otherwise specified in the detail specification,

— easuring voltage: <5V RMS,
— frequency: Cn <1000 pF 1 MHzor 100 kHz (referee frequency 1 MHZ);

8.6

The
valu

The
refe

8.6.
8.6.

See

8.6.

The|measuring conditions are the same as those of 8.6.1. The inaccuracy of the measy
equipment shall not exceed 3 x 10,

8.6.2.3 Requirements

The|tangent of loss angle as measured in the unmounted state shall not exceed the limit g
in Table 8.

.3 Requirements

Cn > 1000 pF 1 kHz or 100 kHz (referee frequency 1 kHz).
capacitance value as measured in the unmounted state, shall cosfespond to the r
P taking into account the specified tolerance.

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

p Tangent of loss angle (tan §)
.1 General

IEC 60384-1:2016, 4.8, with the details of 8.6.2.2 and 8.6.2.3.

p.2 Measuring conditions

Table 8 — Tangent of loss angle limits

ated

for

ring

iven

Nominal Tangent of loss angle (tané) x 107
capacitance
+100 = a > =750 =750 > a > a=-1500
pF and SL (1C) -1 500
Cy 250 15 20 30
150 150 150
< 15— +7 2l == +7 3| —+7
secpeso | )| AR A
C <5 When the measurement is required the detail specification
N shall specify the limit.

The tangent of loss angle as measured in the mounted state in accordance with Group 3 is for
reference purpose only in further tests.
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8.6.3 Insulation resistance

8.6.3.1 General

See

IEC 60384-1:2016, 4.5, with the details of 8.6.3.2 to 8.6.3.4.

8.6.3.2 Preparation for test

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

Care shall be taken to maintain cleanliness in the test chambers and during post test

mea|
insu

8.6.

See

The
for 4
shal

The
(60

For
valu

The
the

The
abo

8.6.

The

8.6.

surements. Before the measurement, the capacitors shall be fully discharged,
ation resistance shall be measured between the terminations.

B.3 Measuring conditions

IEC 60384-1:2016, 4.5.2, with the following details.

capacitor with a rated voltage below or equal to 1 kV. For Ug.5-1"kV the referee vol
be 1 kV.

insulation resistance (R;) shall be measured after thevoltage has been applied
- 5) s.

ot-by-lot testing (Group A) the test may be teriminated in a shorter time, if the requ
e of insulation resistance is reached.

product of the internal resistance of thelvoltage source and the nominal capacitang
apacitor shall not exceed 1 s, unless otherwise prescribed in the detail specification.

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

8.4 Requirements

insulation resistance . shall meet the following requirements.
Cy <10 nF R, > 10 000 MQ
Cy > 10 nF R; X €5C, =100 s

| Voltage proof

The

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

lage

for

ired

e of

and

8.6.

See

A General

IEC 60384-1:2016, 4.6, with the details of 8.6.4.2 to 8.6.4.4.

8.6.4.2 Test conditions

The

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

NOTE R, is a charging resistor that includes the internal resistance of the voltage source. See IEC 60384-1:2016,
4.6.2.

The

charge current shall not exceed 0,05 A.
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For capacitors with rated voltages of 1 kV and above, a lower charge current limit value may
be given in the detail specification. To protect the capacitors against flashover, the test may
be performed in a suitable insulating medium.

8.6.4.3 Test voltages

The test voltages in accordance with Table 9 shall be applied between the measuring points of
8.6.3 and Table 3 in IEC 60384-1:2016, 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
\ \

Ug < 100 2,5 Ug
100 < U, < 200 1,5 U, + 100
200 < U, <500 1,3 U, + 100
500 <Ug < 1 000 1,3 Uy

Ug 21 000 1,2 Ug

8.6.4.4 Requirement

Thele shall be no breakdown or flashover during the test.

8.7 | Temperature coefficient (&) and temperature cycle drift
8.7.1 General

See|lEC 60384-1:2016, 4.24.3.3, with the details of 8.7.2 to 8.7.4.

8.7.2 Preliminary drying

The|capacitors shall be dried.imaccordance with 8.2 for 16 h to 24 h.

8.7.3 Measuring conditions

See|lEC 60384-1:2016) 4.24.1.2 and 4.24.1.3, with the following details.
The|capacitorgjshall be measured in the unmounted state.

8.7.4 Requirements

The| capacitance deviation at upper _and lower category temperature (and at such gther
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 10.
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Table 10 — Temperature cyclic drift limits

arated in 107%/K Requirements 2
+100 > o > —150 0,3 % or 0,05 pF
—150 > ¢ > —1 500 and SL (1C) 1 % or 0,05 pF
a=-1500 2 % or 0,05 pF
2  Whichever is the greater.

8.8

See

A fo

8.9
8.9.

See

For

8.9.

The

8.9.
The

The

8.10

Shear test

IEC 60384-1:2016, 4.34.

Substrate bending test
| General

IEC 60384-1:2016, 4.35.

ss otherwise specified in the detail specification,

he deflection D shall be selected from 1 mm, 2 mm©r 3 mm,

he number of bends shall be 1 time,

he radius of the bending tool shall be 5 mm;

lOTE When the deflection D is 2 mm or_ less, the radius may be 230 mm.

he duration in the bent state shall be 5 s.

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

p Initial measurement

capacitance shall be measured as specified in 8.6.1 and in the detail specification.

B Final inspection

>

rce shall be selected from 1 N, 2 N, 5 N or 10 N and specified in the detail Specificatiop.

8.10

See

capacitors shall be visually examined and there shall be no visible damage.

changeé.of capacitance with board in bent position shall not exceed 5 %.
Résistance to soldering heat

.1 General

IEC 60068-2-58 with the details of 8.10.2 to 8.10.5.

8.10.2 Initial measurement

The

8.10

8.10

capacitance shall be measured in accordance with 8.6.1.

.3 Test conditions

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

NOTE See Table A.1 for explanation of the size code.
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IEC 60068-2-58:2015,Clauses6-and-8 Test Td,, Method 1, with the following details, if

not otherwise specified in the detail specification:

The

specimen shall be preheated to a temperature of 110 °C to 140 °C and maintained for

30 s to 60 s.

Solder alloy: Sn-Pb or Sn-Ag-Cu
Temperature: 260 °C x5 °C
Duration of immersion: 10s+1s

Depth of immersion: 10 mm

Number of immersions: 1

8.10

.3.2 Infrared and forced gas convection soldering system

See|lEC 60068-2-58:2015,-Clauses7and-8 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;
unless otherwise specified in the detail specification, the'specimen and test substrate shall
he preheated to a temperature of (150 + 10) °C amd*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
neached (235 + 5) °C and maintained at thisitemperature for (10 + 1) s.-Numberof-¢ach
st 1 unl : o | kil fication:
e) golder alloy: Sn-Ag-Cu;
unless otherwise specified in the detail specification, the reflow temperature profile ghall
e selected from Table 11 and Figure 6;
Table 11 — Reflow-temperature profiles for Sn-Ag-Cu alloy
Alloy composition T, T, t, T, t, T, ty
°C °C s °C s °C s
Leaf-free solder | Testd 150+ 5 180 +5 120+ 5 220 60 to 90 250 20to40atT,-pK
(SnyAg-Cu) Test2 | 150+5 | 180+5 | 120+5 | 220 <60 255 <20atT, - 10[K
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Figure 6 — Reflow temperature profile

umber of each test: 1, unless otherwise specified in the detail specification;
he temperature profile of d) or e) shall be specified in the detail-specification.

.4 Recovery

capacitors shall recover for 6 h to 24 h.
flux residues shall be removed with a suitable salvent.

5 Final inspection, measurements and .requirements

recovery, the capacitors shall be visually examined and measured and shall meetf
wing requirements.

br normal lighting and approximately 10x magnification, there shall be no signs of dani
as cracks.

olution of the end face(plating (leaching) shall not exceed 25 % of the length of the e
erned. The detail specification may prescribe further details.

capacitance shall-be measured in accordance with 8.6.1 and the change shall not exg
alues in Table .12.

Table 12 — Maximum capacitance change

arated in 107%/K Requirements 2

8.11
8.11

See

+100 2 o 2 —750 0,5 % or 0,5 pF

~750 > a > -1 500 and SL (1C) 1% or 1 pF

a8 Whichever is the greater.

Solderability
.1 General

IEC 60068-2-58 with the details of 8.11.2 to 8.11.4.

the

age

dge

eed
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8.11.2 Test conditions

8.11.2.1 Solder bath method (applicable to 1608M, 2012M and 3216M)
NOTE See Table A.1 for explanation of the size code.

See IEC 60068-2-58:2015,Clauses6-and-8 Test Td,, Method 1, with the following details, if
not otherwise specified in the detail specification:

The specimen shall be preheated to a temperature of 80 °C to 140 °C and maintained for 30 s
to 60 s.

Solder alloy: Sn-Pb Sn-Ag-Cu
Temperature: (235 £ 5) °C (245 £ 5) °C
Duration of immersion: (2+0,2)s (3+£0,3)s
Depth of immersion: 10 mm 10 mm
Number of immersions: 1 1

8.11,.2.2 Infrared and forced gas convection soldering system
See|lEC 60068-2-58:2015,-Clauses7-and-8 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 thé detail specification;
c) the terminations of the specimen shall be placed onythe solder paste;

d) golder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall
he preheated to a temperature of (150.#<20) °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
neached (215 £ 3) °C and maintained at this temperature for (10 + 1) s;

e) golder alloy: Sn-Ag-Cu;

unless otherwise specifiedin the detail specification, the specimen and test substrate shall
e 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
eached (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.

8.11.3 Reeovery

Thelfluxresidues shall be removed with a suitable solvent.

8.11.4 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.

Both end face 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 detail specification may prescribe further requirements.
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Rapid change of temperature

.1 General

This test shall be applied only to capacitors for which the category temperature is greater

110

See

The

°C.
IEC 60384-1:2016, 4.16, with the details of 8.12.2 to 8.12.5.

capacitors shall be mounted in accordance with 8.4.

8.12.

The

8.12.

The

Dura

8.12

The

8.12.

The

The
the

8.13

8.13.

2 Initial measurement

capacitance shall be measured in accordance with 8.6.1.

3 Number of cycles

number of cycles: 5.
ition 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. Thete shall be no visible damage.

capacitance shall be measured in accordance with 8.6.1 and the change shall not exg
alue in Table 13.

Table 135 Maximum capacitance change

a rated in\20~8/K Requirements 2
+100.> a > > —750 1% or 1pF
—750 =53¢ > —1 500 and SL (1C) 2 % or 1 pF
a8 Whichever is the greater.

Clipratic sequence

1{, General

See

8.13

The

IEC 60384-1:2016, 4.21, with the details of 8.13.2 to 8.13.7.

.2 Initial measurement

capacitance shall be measured in accordance with 8.6.1.

8.13.3 Dry heat

See

IEC 60384-1:2016, 4.21.23.

8.13.4 Damp heat, cyclic, Test Db, first cycle

See

IEC 60384-1:2016, 4.21.34.

eed
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8.13.5 Cold

See IEC 60384-1:2016, 4.21.45, with the following details.

%%W. O O i j i i

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

8.13.6 Damp heat, cyclic, Test Db, remaining cycles

8.13.6.1 General

See|lEC 60384-1:2016, 4.21.67, with the details of 8.13.6.2 and 8.13.6.3.

8.13.6.2 Test conditions
No Joltage applied.
The|remaining cycles shall be tested in accordance with Table 14.

Table 14 — Number of damp heat cycles

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

8.13.6.3 Recovery

The|capacitors shall recover for 6 h to24 h.

8.13.7 Final inspection, measurements and requirements

The|capacitors shall be vistally examined. There shall be no visible damage.

The|capacitors shall be'measured and shall meet the requirements in Table 15.

Table 15 — Final inspection, measurements and requirements

Measurement Measurement and arated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100 > a > > —750 (1B) Capacitance changg
2.0 a =4
<2-%6—ot+pf
=750 2> > o> -1 500 Capacitance change
(1F) a
<3 % or1lpF
SL (1C)
Tangent of loss angle 8.6.2 All as and subclasses < 2x value in the table of
8.6.2
Insulation resistance 8.6.3 All as and subclasses R; 2 2500 MQ or R, x G
Cy225sP®

NOTE See 6.2.5 for an explanation of the subclass codes.

a8  Whichever is the greater.

b Whichever is-less the lower.
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8.14 Damp heat, steady state

8.14.1 General

See

The

IEC 60384-1:2016, 4.22, with the details of 8.14.2 to 8.14.5.

capacitors shall be mounted in accordance with 8.4.

8.14.2 Initial measurement

The

capacitance shall be measured in accordance with 8.6.1.

8.14

No v

The
be g

The

.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 16
pecified in the detail specification.

duration time should be selected in accordance with 6.1 and. shall be specified in

deta|il specification.

Whe
volt3

With
8.6.4

NOTH
capg

8.14

The

Table 16 — Test conditions for damp heatysteady state

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

n the application of voltage is pyescribed, Ui shall be applied to one half of the lot an
Llge shall be applied to the ather half of the lot.

in 15 min after removalMrom the damp heat test, the voltage proof test in accordance
L shall be carried out, but with the rated voltage applied.

. Due—to For\safety reasons, different conditions for the application of voltag
icitors with rated voltages of 1 kV or above may be given in the detail specification.

.4 Recovery

capacitors shall recover for 6 h to 24 h.

and

the

d no

with

8.14

The

The

.5 Final inspection, measurements and requirements

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

capacitors shall be measured and shall meet the requirements in Table 17.
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Table 17 — Final inspection, measurements and requirements
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Measurement Measurement and arated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100 > a > > —750 (1B) Capacitance change
<2%orlpF?
=750 2> > o> -1 500 Capacitance change
(1F)
<3%orlpF?
SL (1C)
Tdngent of foss angle 8.6.2 All as and subclasses < 2x value in the tabl¢ of
8.6.2
Insulation resistance 8.6.3 All as and subclasses R; 2 2 500 MQ or
R, x&J6,">255"

NO7

[E See 6.2.5 for an explanation of the subclass codes.

Whichever is the greater.

Whichever is the-less lower.

8.15

8.19.

See

The

8.19.

The

8.15

If th
Tab

Endurance
1 General

IEC 60384-1:2016, 4.23, with the details of 8.15¢2{o 8.15.5.
capacitors shall be mounted in accordance with 8.4.

2 Initial measurement

capacitance shall be measured in.accordance with 8.6.1.

.3 Test conditions

e 18.

category voltage is @qual to the rated voltage, the capacitors shall be tested gs

Tiable 18 — Endurance test conditions (Us = Ug)

in

Ug Up < 200 200 < U, < 500 Ug > 500

Tdmperatune Upper category temperature

vditage~(DC) 1,5 U 1.3 Ug 1,2 Uy
Duration 1000 h 1500 h 2000 h

If the category voltage is not equal to the rated voltage, the capacitors shall be tested as in

Tabl

e 19.
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Table 19 — Endurance test conditions (U # Ug)

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

Duration 1000 h 1500 h 2000 h
Sample Divided into two parts Divided into two parts Divided into two parts
Tg = Rated temperature.
T, TUPpercategory temperatures 85— €, Suchas 100125 Camt-1560- €=

8.154 Recovery

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

8.19.5 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 requirements in Table 20.

Table 20 — Final inspection, measurements and requirements

Measurement Measurement and a rated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100 > a > > —750 (1B) Capacitance changg
<2%orlpF?
=750 2> > o> -1 500 Capacitance changg
(1F)
<3%orlpF?
SL (1C)
Tgdngent of loss angle 8.6.2 All as and subclasses < 2 x value in the taljle
of 8.6.2.
Injsulation resistance 8.6.3 All as and subclasses R; = 4 000 MQ or
b
R;xCC 240s
NOTE See 6.2.5 for an/explanation of the subclass codes.
a8 Whichever is the greater.
b Whicheverisess the lower.

8.16 RODUSIMESS of tTermmimations (onty for capacitors With Strip termination)

8.16.1 General

See |IEC 60384-1:2016, 4.13, with the details of 8.16.2 and 8.16.3.

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

— Test Uay: force: 2,5 N;
— Test Ub, Method 1: force: 2,5 N;
— number of bends: 1.
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8.16.3 Final inspection and requirements

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

8.17 Component solvent resistance (if required)

See IEC 60384-1:2016, 4.31.

8.18 Solvent resistance of the marking (if required)

See IEC 60384-1:2016, 4.32.

8.19 Accelerated damp heat, steady state (if required)
8.19.1 General

See|lEC 60384-1:2016,-4-37 Annex H, with the details of 8.19.2 to 8.19.5.
The|capacitors shall be mounted in accordance with 8.4 and IEC 60384:%:2016, Clause HJ1.

Half| the capacitors shall be connected in series with resistorscof 100 kQ, with a relative
tolejance of +10 %, and half in series with resistors of 6,8,kQ, with a relative tolerance of
+10 [%.

8.19.2 Initial measurement

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

Thelinsulation resistance, including the seéties resistor, shall meet the requirements givgn in
Table 21.

Table 21 - Initial requirements

Mejpsurement Measuring Requirements
conditions

Connected to Cy < 10 nF: R, > 10 000 MQ

. 100 kQ resistors | ¢ 5 10 nF: (R, ~ 100 kQ) x C > 100 s
Ihsulation !

bsistance

(1,5.£)0,1) V

=

Cy <10 nF: R, >10 000 MQ
Connected to N i
6,8 kQ resistors Cy > 10nF: (R, - 6,8 kQ) x C\ > 100 s

8.19.3. V' 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 22. The voltage given in
Table 22 shall be applied to the capacitors connected to 100 kQ resistors and those

connected to 6,8 kQ resistors-shal-be-applied-to-a—veltage-givenin-—TFable21. 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
happen if the door is opened during the test before the humidity is lowered.
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Table 22 — 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;
6,8 (50 £0,1) V or U, whichever is the lower, as specified in the detail

or the voltage specified in the detail
specification

specification

8.19.4 Recovery

Thel|applied voltage shall be disconnected and the capacitors and resistors shall belremoved

from the test chamber and allowed to recover for—respectively 6 h to 24 h-ih stan

atmospheric conditions for testing.

8.19.5 Final measurements

The|capacitors shall be measured for insulation resistance, as in 8.19.2!

The|insulation resistance, including the series resistor, shall(be greater than 0,1 timeg|
values given in 8.19.2.

Hard

the
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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 be considered in the dimensioning of the capacitors.

Dimensions are specified in Table A.1.

Metallized surface

) Metallized surface
Metallized surface

L
-
- >

A
Y
A
A

}
Y

IEC
Dimepsion W should not exceed dimension L,.
Dimepsion H should not exceed dimension W.
If nedessary, the thickness of tinning should be.specified.
Figure A.1 — Dimensions
Table A.1 — Dimensions
CGode Length Width L, L L,
= w Minimum Minimum
0p01IM 025 + 0,013 0,125 + 0,013 0,04 0,06
0f102M 0,4 + 0,02 0,2 +0,02 0,05 0,1
0p03M 0,6 + 0,03 0,3+0,03 0,1 0,2
1p05M 1,0 £ 0,05 0,5+ 0,05 0,1 0,3
1608M 1,6+0,1 0,8+0,1 0,2 0,5
2012M 2,0+0,1 1,25+0,1 0,2 0,7
3216M 3,2+0,2 1,6 £ 0,15 0,3 1,4
3225M 3,2+0,2 25+0,2 0,3 1,4
4532M 45+0,3 3,2+£0,2 0,3 2,0
5750M 57+0,4 50+£0,4 0,3 2,5

NOTE Dimension in millimetres.

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

(informative)

for the reference temperature of 25 °C

Combination of temperature coefficient and tolerance

The temperature coefficient of capacitance for the reference temperature of 25 °C has often
been used due to marketing needs and because of their actual performance. This temperature
coefficient and code are shown in Table B.1.

Table B.1 — Combination of temperature coefficient and tolerance
for the reference temperature of 25 °C

Permissible relative variation in capacitance in parts per
Tem_pgrature 1 000 between 25 °C and given temperature
Code of coefficient and
tenpperature tolerance Lower category temperature Upper category temperature
coefficient
and|tolerance o Tolerance
-55°C |-40°C |-25°C [-10°C | +70 °C¢). %85 °C | +100 °C | +12p °C
10°8/K 10°%/K
CO0G 0 + 30 -2,40/ | -1,95/ | -1,50/ | -1,05/ | »1,35/ | —1,80/ -2,25/ -3/00/
5,81 4,72 3,63 2,54 1/35 1,80 2,25 3,p0

a =1

ominal temperature coefficient
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Annex X
(informative)

Cross-reference for reference to IEC 60384-21:2011

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 60384-21:2011.

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

IEC 60384-21:2011 IEC 60384-21:20xx
d aditi d aditi
29 edition 3'% edition Notes

Cllause/Subclause Clause/Subclause
111 1 Scope and Object are merged into one in accordance with the
1'2 ISO/IEC Directives Part 2
1.3 2 In accordance with ISO/IEC Directives Part 2
1.4 4 In accordance with the change ofglause numbers
1.5 3 In accordance with ISO/IEC Djteetives Part 2
1.6 5 In accordance with the change of clause numbers
2 6 In accordance with the chdnge of clause numbers
3 7 In accordance with the' change of clause numbers
4 8 In accordancefwith the change of clause numbers

Table X.2 indicates the new figure and table gumbers with respect to IEC 60384-21:2011.

Table X.2 — Referenceé™o IEC 60384-21 for figure/table

IEC 60384-21:2011 IEC 60384-21; 20X
2nd edition 3rd edition Notes
Figure/Table Figurel/Table
Table 6a Table 6 In accordance with the 1SO/IEC directives, Part2 and the
Table 6b Table 7 change of table numbers
Tgble 7 to Table 21 Table 8 to Table 22 | In accordance with the change of table numbers

For|the figure numbers, there was no change.
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symbols.info)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 21: Sectional specification —
Fixed surface mount multilayer capacitors
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of ‘IEC is to prg
ternational co-operation on all questions concerning standardization in the electrical and -electronic field|
is end and in addition to other activities, IEC publishes International Standards, ‘Technical Specifica
bchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Liblication(s)"). Their preparation is entrusted to technical committees; any IEC.National Committee inter
the subject dealt with may participate in this preparatory work. International, governmental and
bvernmental organizations liaising with the IEC also participate in this pr€paration. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters exptess, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for jntermational use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts_aresmade to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsihkle for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IE€C“National Committees undertake to apply IEC Publicg
Ansparently to the maximum extent possible A their national and regional publications. Any diverd
btween any |IEC Publication and the correspending national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
sessment services and, in some areds, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that th€y‘have the latest edition of this publication.

p liability shall attach to, IEC or its directors, employees, servants or agents including individual expert
embers of its technicat.committees and IEC National Committees for any personal injury, property dama|
her damage of any/ nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising dutyof the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is dfawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable)for the correct application of this publication.

tentipn\js" drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent'tights. IEC shall not be held responsible for identifying any or all such patent rights.
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Capacitors and resistors for electronic equipment.
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40:

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

a) revision of the structure in accordance with ISO/IEC Directives, Part 2:2016 to the extent
practicable, and for harmonizing with IEC 60384-22;

b) deletion of the description on the permissible reactive power in 6.2.2 because it is not
appropriate for the purposes of this document;
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c) the dimensions of 0201M in Annex A have been added.

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

FDIS Report on voting

40/2639/FDIS 40/2651/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This
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document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

committee has decided that the contents of this document will remain-unchanged unti

lity date indicated on the IEC website under "http://webstore.iec.ch’ in‘the data relatg
bpecific document. At this date, the document will be

econfirmed,

vithdrawn,

eplaced by a revised edition, or
imended.
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This| part of IEC 60384 is applicable to fixed unencapsulated surface mount/multil
capacitors of ceramic dielectric, Class 1, for use in electronic equipment. These,capac
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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

anpp

metallized connecting pads or soldering strips and are intended to be“mounteg
ed boards, or directly onto substrates for hybrid circuits.

hcitors for electromagnetic interference suppression are not included, "but are covere
60384-14.

object of this document is to prescribe preferred ratings and characteristics and to se
IEC 60384-1 the appropriate quality assessment procedures, tests and measu

rities and requirements prescribed in detail specifications referring to this secti

ification are of equal or higher performance levels; lower performance levels are
pitted.

Normative references

following documents are referred tain the text in such a way that some or all of

applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

60063, Preferred numbep series for resistors and capacitors
60068-1:2013, Environmental testing — Part 1: General and guidance

60068-2-58:2015, Environmental testing — Part 2-58: Tests — Test Td — Test method
prability,re€sistance to dissolution of metallization and to soldering heat of sur
nting devices (SMD)

600682-58:2015/AMD1:2017

ayer
tors
on

d by

blect
ring
Test
onal
not

heir
ition
ding

5 for
face

IEC

bUs04-1.ZU10, FIXed CapacCltors T10r use In electronic equipment — Falt 1. Ge

specification

eric

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

ISO

3:1973, Preferred numbers — Series of preferred numbers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60384-1 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

3.1

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

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

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

capgcitor of ceramic dielectric, Class 1

capg
high
is re

Note

3.3
sub
for g

temperature coefficient

Note

Note
+20 9
capa

3.4
cate
amb

Note

3.5
rate
TR
max

3.6
rate
Ugr
max
betw

\citor specially designed and suited for resonant circuit application where low. |0sses
stability of capacitance are essential or where a precisely defined temperature’ coeffiq
quired, for example for compensating temperature effects in the circuit

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

Class
L given nominal temperature coefficient, the subclass is defined by the tolerance on

1 to entry: See Table 2.

2 to entry: The nominal temperature coefficient value and\its tolerance refer to the temperature inter
C to +85 °C, but because in practice TC curves are\not strictly linear, it is necessary to define lin
itance deviation (AC/C) for other temperatures (see Table 3).

gory temperature range
ient temperature range for which thé-capacitor has been designed to operate continuo

1 to entry: This is given by the loweFk.and upper category temperature.

1 temperature

mum ambient temperature at which the rated voltage may be continuously applied

d voltage

mumSDC voltage that may be applied continuously to a capacitor at any tempers
een‘the lower category temperature and the rated temperature

and
ient

the

al of
hiting

usly

ture

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

4.1

The

Information to be given in a detail specification

General

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


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3
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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.

The information given in 4.2 may be presented in tabular form if more convenient.

The information in 4.2 to 4.5 shall be given in each detail specification and the values quoted
should be selected from those given in the appropriate clause of this sectional specification.

4.2 —outhime drawimg and gimensions

Thefe shall be an illustration of the capacitors as an aid to easy recognitiom ‘and for
comparison of the capacitors with others.

Dimensions and their associated tolerances, which affect interchangeability,,and mounting,
shall be given in the detail specification. All dimensions shall be stated in millimefres;
howpver, when the original dimensions are given in inches, the converted’metric dimensfons
in miillimetres shall be added.

Normally the numerical values shall be given for the length, .width and height of the bpdy.
Whgn necessary, for example when a number of items (sizes”’and capacitance/voltage ranges)
are povered by a detail specification, the dimensions and their associated tolerances shall be
placged in a table below the drawing.

Whgn the configuration is other than described abayvey'the detail specification shall state $uch
dimgnsional information as will adequately descrile the capacitors.

4.3 | Mounting

The|detail specification shall give guidapce on methods of mounting for normal use. Mounting
for est and measurement purposes.(When required) shall be in accordance with 8.4 of|this
sectjonal specification.

4.4 | Rating and characteristics
441 General

The|ratings and characteristics shall be in accordance with the relevant clauses of|this
sectjonal specification, together with 4.4.2, 4.4.3 and 4.4.4.

4.4.2 Nominal capacitance range

See|6.2.4.1.

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

4.4.3 Particular characteristics

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

4.4.4 Soldering

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


https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3
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4.5 Marking

The detail specification shall specify the content of the marking on the capacitor and on the
packaging. Deviations from Clause 5 of this sectional specification shall be specifically stated.

5 Marking

5.1 General

See |EC 60384-1:2016, 2.4, with the details of 5.2 to 5.6.

5.2 | Information for marking

Thelinformation given in the marking is normally selected from the following list{Jthe relative
impgrtance of each item is indicated by its position in the list:

— nominal capacitance;

— rnated voltage (DC voltage may be indicated by the symbol: ___ [IEC160417-5031(200210)]
or — );

— tplerance on nominal capacitance;

— temperature coefficient and its tolerance as applicable (in-accordance with 6.2.5);

— Year and month (or week) of manufacture;
— manufacturer’s name or trade mark;

— glimatic category;

— rpanufacturer’s type designation;

— reference to the detail specification.

5.3 | Marking on the body

These capacitors are generally not marked on the body. If some marking can be applied, they
shal] be clearly marked with as many as possible of the items stated in 5.2 as is considgred
useful. Any duplication of information in the marking on the capacitor should be avoided.

5.4 | Requirements for marking

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

5.5 | Marking.efithe packaging

The|packaging containing the capacitor(s) shall be clearly marked with all the information
listed in/5.2.

5.6 —Addtomatmarking
Any additional marking shall be so applied that no confusion can arise.
6 Preferred ratings and characteristics

6.1 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.


https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3
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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 (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
unmdunted state. The climatic performance of the capacitors after mounting is greatly influenced by thexmroynting
subsfrate, the mounting method (see 8.4) and the final coating.
6.2 | Preferred values of ratings
6.2.1 Rated temperature (Tg)
For [capacitors covered by this sectional specification, the rated tempeérature is equal td the
uppér category temperature, unless the upper category temperaturge.exceeds 125 °C.
6.2.2 Rated voltage (Ug)
The|preferred values of the rated voltage are the values-of the R5 series of 1ISO 3. If gther
valugs are needed, they shall be chosen from the R10 Series.
The|sum of the DC voltage and the peak AC)voltage or the peak to peak AC voltpge,
whighever is the greater, applied to the capacitaor._shall not exceed the rated voltage.
6.2.8 Category voltage (Ug)
Whgn the rated temperature is defined as the upper category temperature, the category
voltage is equal to the rated voltage as defined in IEC 60384-1:2016, 2.2.5. If the upper
category temperature exceeds_125 °C, or the rated voltages exceed 500 V, the category
voltage shall be given in the detail specification.
6.2.4 Preferred values of nominal capacitance and associated tolerance values
6.2.4.1 Preferredwalues of nominal capacitance
Nonlinal capacifance values shall be taken from the number series of IEC 60063; the E6,|E12
and |E24 serjesiare preferred.
6.2.4.2 Preferred tolerances on nominal capacitance
See Table I.
Table 1 — Preferred tolerances on nominal capacitance
Preferred Tolerance
Series Cy = 10 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 40,25 pF c
1 % F +0,1 pF B
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6.2.5 Temperature coefficient (a)
6.2.5.1 Nominal temperature coefficient and tolerance

Table 2 shows the preferred nominal temperature coefficients and the associated tolerances,
expressed in parts per million per Kelvin (1078/K), and the corresponding subclasses and
codes.

The detail specification shall specify for each temperature coefficient the minimum value of
capacitance for which the given tolerance of temperature coefficient can be verified,
considering the accuracy of the methods of capacitance measurement specified.

For yalues of capacitance lower than this minimum value:

a) ﬂhe detail specification shall specify a multiplying factor for the tolerance onyo;) as wejl as
he permissible changes of capacitance at the lower and upper category tefmperature;

b) s$pecial methods of measurement may be necessary and, if required, shall 'be stated in the
detail specification.

Table 2 — Nominal temperature coefficient and tolerance

Nominal temperature Tolerance on temperature Stubelass Letter code for
coefficient(1078/K) coefficient(1078/K) o Tolerance
+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 \Y K
+140 > o > -1 Q00 2 1c SsL -
NOTE 1 Preferred temperature coefficients values (a) are underlined.
NOTE 2 The nominal temperature coefficients and their tolerances are defined using the capacitance chpnge
betwgen the temperatures 20 °C and 85 °C.

NOTE 3 \AJcapacitor with a temperature coefficient 0 x 107%/K and a tolerance on temperature coefficient of
+30 x10_°%/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.

NOTE See Annex B for the reference temperature of 25 °C as an informative guidance.
6.2.5.2 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 (1076/K).
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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
o Tolerance

107%/K 107%/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) =225/ -1.80/ =135/ -0,90/ =1.50/ -1.95/ =2.40/ =3.15/
5,45 4,36 3,27 2,18 1,50 1,95 2,40 8,15

-33 +30 (G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ #6,p2/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0J32

-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 -4173

1150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,71 -14,4/ -14,9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -12,6

1220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ 16,2/ -20,0/ -24,3/
25,6 20,46 15,3 10,2 -9,50 12,4 -15,2 -20,0

1330 +60 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,5/ -25,4/ -31,2/ -41,0/
38,4 30,7 23,0 15,4 713,56 -17,6 -21,6 -28,4

1470 +60 (H) 30,8/ 24,6/ 18,5/ 12,3/ 26,5/ -34,5/ -42,4/ -58,7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1

1750 +120 (J) 47,3/ 37,8/ 28,4/ 18,9/ -43,5/ -56,6/ -69,6/ -91,4/
82,3 65,8 49,4 32,9 -31,5 -41,0 -50,4 -66,2

-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 -78,8

-1 500 +250 (K) 93,8/ 75,0/ 5653/ 37,5/ -87,5/ -114/ -140/ -184/
163 130 97,7 65,1 -62,5 -81,3 -100 -1B1

When the upper category temperature is abové/125 °C, the limits shall be given in the detail specification.

NOTE 1 Preferred temperature coefficieht'values («) are underlined.

NOTE 2 The temperature coefficient' limits at the temperature range from 20 °C to the upper category
temperature are calculated by th€ nominal temperature coefficients and their tolerances (see formula a) of NOTE
3).

The| temperature coefficient limits at the temperature range from 20 °C to —55 °C are calculated by using|the
formulas b) and c) of NOTE 3.

NOTE 3 The capacitance deviations at the lower category temperature are obtained by using follo
fornjulas:

ing

a) ppper and,Iower permissible relative variation in capacitance under upper category temperature:

\C/C\(10~%) = (nominal temperature coefficient + tolerance on temperature coefficient*) x (upper categor
empérature — 20)/1 000

b) lower permissible relative variation in capacitance under lower category temperature:

AC/C (1073) = (nominal temperature coefficient + tolerance on temperature coefficient*) x (lower category
temperature — 20)/1 000

c) upper permissible relative variation in capacitance under lower category temperature:

AC/C (107%) = [(-36) — (1,22 x tolerance on temperature coefficient*) + (0,22 x nominal temperature
coefficient) + nominal temperature coefficient ] x (lower category temperature — 20)/1 000

where tolerance on temperature coefficient* is an absolute value.

6.2.6 Dimensions

Suggested rules for the specification and coding of dimensions are given in Annex A.
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Specific dimensions shall be given in the detail specification.

7 Quality assessment procedures

7.1 Primary stage of manufacture

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

7.2 Structurally similar components

Cappcitors considered as being structurally similar are capacitors produced with Similar
progesses and materials, though they may be of different case sizes and values.

7.3 Certified records of released lots

The| information required in IEC 60384-1:2016, Q.1.5, shall be made" available when
prescribed in the detail specification and when requested by a purchasér.” After the endurance
test| the parameters for which variables information is required aresthe capacitance chapge,
tan ¢ and the insulation resistance.

7.4 | Qualification approval
7.4.1 General

The|procedures for qualification approval testing areygiven in IEC 60384-1:2016, 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 7.5. The proceduréZusing a fixed sample size schedule is givgn in
7.4.2 and 7.4.3.

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

The|fixed sample size procedure is described in IEC 60384-1:2016, Q.2.4. The sample ghall
be representative of the range.of capacitors for which approval is sought. This may or may not
be the complete range covered by the detail specification.

For |each temperatureycoefficient, the sample shall consist of specimens of capacitors of
maxjmum and minimum size and for each of these sizes, the maximum capacitance valu¢ for
the highest rated‘voltage and minimum rated voltage of the voltage ranges for which approval
is squght. Whén-there are more than four rated voltages, an intermediate voltage shall alsp be
test¢d. 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
congists™of fewer than four values, the number of specimens to be tested shall be [that
reqyired for four values. When approval is sought for more than one temperature coefficjent,
see 7.4.3.

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

Two (for six values) or three (for four values) per value may be used as replacements for
specimens that are non-conforming because of incidents not attributable to the manufacturer.

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

When additional groups are introduced into the qualification approval test schedule, the
number of specimens required for Group O shall be increased by the same number as that
required for the additional groups.
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Table 4 gives the number of samples to be tested in each group or subgroup together with the

num

ber of permissible non-conformances for the qualification approval test.

7.4.3 Tests

The complete series of tests specified in Table 4 and Table 5 are required for the approval of
capacitors covered by one detail specification. The tests of each group shall be carried out in
the order given.

The whole sample shall be subjected to the tests of Group 0 and then divided for the other
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Table 4 — Fixed sample size test plan for qualification approval —
Assessment level EZ
Group Test Subclause of Number of Permissible
No. this publication specimens number of
R nonconforming
n items
c
0 Visual examination 8.5
Dimensions 8.5 132+ 24 0
L,dpd(..ildllbb‘ 0.0.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
Spare specimens 12
1A Robustness of termination 9 8.16 12 0
Resistance to soldering heat 8.10
Component solvent resistance P 8.17
1B Solderability 8.11 12 0
Solvent resistance of marking ° 8.18
2 Substrate bending test 9 8.9 12 0
32 Mounting 8.4
Visual examination 8.5 84 +24f o¢
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
3.1 Shear test " 8.8 24 0
Rapid change of temperature 8.12
Climatic sequence 8.13
3.2 Damp heat, steady, state 8.14 24 0
3.3 Endurance 8.15 36 0
3.4 Accelerated 'damp heat, steady state P 8.19 24 f 0
4 Temperature coefficient and temperature 8.7 12 0
cycle)drift
a8  The Values of these measurements serve as initial measurements for the tests of Group 3.
b |f'réqdired 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 7.4.2.
Additional capacitors, if Group 3.4 is tested.

Applicable to capacitors with strip terminations.

Not applicable to capacitors with strip terminations.
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Table 5 — Tests schedule for qualification approval

Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 0 ND See Table 4
8.5 Visual examination Asin 8.5.3
| c\gihln m:\rlzing and-a
specified in the detail
specification
8.5 Dimension (detail) See the detall
specification
8.6|1 Capacitance Frequency: ... Hz Within specified tolerapce
Measuring voltage:...V RMS
8.6]2 Tangent of loss Frequency and Measuring As’in 8.6.2.3
angle (tan o) voltage same as in 8.6.1
8.6|3 Insulation resistance See detail specification for As in 8.6.3.4
the method
8.6|4 Voltage proof See detail specification for No breakdown or
the method flashover
GRPUP 1A D See Table 4
8.1p Robustness of Test Ua,, Force:2,5N
termination
(If applicable) Test Ub, Method 1,
Force:2,5 N
Number of.bends:1
Visual examination No visible damage
8.1p.2 Initial measurement Capacitance
8.1p Resistance to See detail specification for
soldering heat the(method
Recovery: 6 hto 24 h
8.1p.5 Final measurement Visual examination As in 8.10.5
Capacitance As in 8.10.5
8.1f Component solvent Solvent: ... See detail specificatio
resistance
(if required) Solvent temperature:...
Method 2
Recovery: ...
GRIOUP/1B D See Table 4
8.1[L\ (Solderability See detail specification for

. thadl

8.11.4 Final measurements

8.18 Solvent resistance
of the marking 2

(if required)

Visual examination
Solvent: ...

Solvent temperature: ...
Method 1

Rubbing material: cotton
wool

Recovery: ...

Asin 8.11.4
Legible marking



https://iecnorm.com/api/?name=089c0021c0dc4dfccf6b5f55c758f9b3

IEC 60384-21:2019 © IEC 2019 -19 -
Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 2 D See Table 4
8.9 Substrate Deflection: ... See detail specification
bending test Number of bends: ...
8.9.2 Initial measurement Capacitance
8.9[3—Fimatmspection capacitance (wittr primted fxCICT=5%
board in bent position)
Visual examination No visible damage
GRIOUP 3 D See Table 4
8.4 Mounting Substrate material: ...°
Visual examination As-in 8.5.3
Capacitance Within specified tolerapce
Tangent of loss angle As in 8.6.2.2
Insulation resistance As in 8.6.3.4
Voltage proof No breakdown or
flashover
GRIOUP 3.1 D See Table 4
8.8 Shear test Visual examination No visible damage
8.1P.2 Initial measurement Capacitance

8.1

8.1

8.1

8.1
8.1

8.1

P Rapid change of
temperature

P.5 Final measurements
B Climatic sequeTtice

B.2 Initial Measurement

B.3 Dry heat

B.4,'Damp heat, cyclic,

T, = Lower category

A
temperature

Tg = Uppertategory
temperature

Five_cycles

Duration t, =30 min
Recovery: 6 h to 24 h
Visual examination

Capacitance

Capacitance

Temperature: upper category
temperature

Duration: 16 h

No visible damage

As in 8.12.5

test Db, first cycle

8.13.5 Cold

8.13.6 Damp heat, cyclic,

test Db, remaining
cycles

Temperature: lower category
temperature

Duration: 2 h
Visual examination

Recovery: 6 hto 24 h

No visible damage
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
8.13.7 Final measurements Visual examination No visible damage
Legible marking
Capacitance As in 8.13.7
Tangent of loss angle As in 8.13.7
mSutation TeESTStarce AS T 8. 1377
GRIOUP 3.2 D See Table 4
8.14  Damp heat, steady
state
8.11.2 Initial measurement Capacitance
Recovery: 6 hto 24 h
8.14.5 Final measurements Visual examination No visible damage
Legible marking
Capacitance Asin 8.14.5
Tangent of loss angle As in 8.14.5
Insulation resistance As in 8.14.5
GRPOUP 3.3 D See Table 4
8.1p Endurance Duration: ... h
Temperature: ...°C
Voltage: ...V
8.1p.2 Initial measurement Capacitance
Recovery: 6 h'to 24 h
8.1p.5 Final measurements Visual 'examination No visible damage
Legible marking
Capacitance As in 8.15.5
Tangent of loss angle Asin 8.15.5
Insulation resistance As in 8.15.5
Grqup 3.4 D See Table 4
8.1p Accelerated damp Duration: ... h
heat, steady state
(if required) Temperature: (85 £ 2) °C
Humidity: (85 £+ 3) % RH
8.1P.2 Initiabhmeasurement Insulation resistance As in 8.19.2
8.1p.5Final measurement Recovery: 6 hto 24 h
tasulation+resistance As—+r-8-19-6
Group 4 ND See Table 4

8.7 Temperature
coefficient and cyclic
drift

Preliminary drying:
16 hto 24 h

Asin 8.7.4

NOTE 1 Subclause numbers of test and performance requirements refer to Clause 8.

NOTE 2

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

a8 This test may be carried out on capacitors mounted on a substrate.

b

indicate which substrate material is used in each subgroup.

When different substrate materials are used for the individual subgroup, the detail specification shall
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Quality conformance inspection

7.5.1 Formation of inspection lots

7.5.1.1 Groups A and B inspection

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

A manufacturer may aggregate the current production into inspection lots subject to the
following safeguards.

1)
2a)

2b)

7.5.
The

Sani

be divided into small, medium and large sizes. In ordef‘to cover the range of approvals in

peri
size
rang

7.5.
The
in C
7.5.

Whe
mad
insp
7.5.4

The

Tl H - D ) 1 HR Y " 1 H H " L 2.0
TS TMISPTULUHUTT TUT STIATT CUTISTSU UT Sthrutturalty SIirar Lapdatilitulrs (STt 1.2).

The sample tested shall be representative of the values and the dimens
contained in the inspection lot:

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

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

.2 Group C inspection

be tests shall be carried out on a periodic basis.

ples shall be representative of the current production of the specified periods and

bd, one voltage shall be tested from each graupvof sizes. In subsequent periods, @
5 and/or voltage ratings in production shall be, tested with the aim of covering the w
e.

p Test schedule

schedule for the lot-by-lot and periodic tests for quality conformance inspection is g
ause 2 of the blank detail spegification.

B Delayed delivery

n, in accordance with the procedures of IEC 60384-1:2016, Q.1.7, re-inspection sha
e, solderability and* capacitance shall be checked as specified in Groups A an
pction.

| Assessment levels

assessment level(s) given in the blank detail specification should be selected

Tab

e 6,and Table 7.

ions

g of

shall
any
ther
hole

iven

rom
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Table 6 — Lot-by-lot inspection

Inspection EZ

subgroupd L ne ca
A0 100 %P
Al S-4 ¢ 0
A2 S-3 ¢ 0
B1 S-3 ¢ 0
B2 S-2 ¢ 0

a8 |L = inspection level
h = sample size
= permissible number of non-conforming items

Fhe inspection shall be performed after removal of nonconforming items by 100 %gtesting during|the
manufacturing process. Whether the lot was accepted or not, all samples for sampling inSpection shall be
nspected in order to monitor outgoing quality level by nonconforming items per milliom(x*10-5).

Fhe sampling level shall be established by the manufacturer, preferably in accerdance with IEC 61193-
P:2007, Annex A.

n the case where one or more nonconforming items occur in a sample,this lot shall be rejected, buf all
honconforming items shall be counted for the calculation of quality leyel values. Outgoing quality levell by
honconforming items per million (x 107%) values shall be calculated\by accumulating inspection dath in
hccordance with the method given in IEC 61193-2:2007, 6.2.

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

he content of the inspection subgroup is described in Clauge\2.of the relevant blank detail specification.

Table 7 — Petiodic tests

Inspection EZ
subgroup® pa na ca
C1 3 12 0
Cc2 3 12 0
C3.1 6 27 0
C3.2 6 15 0
C3.3 3 15 0
C3.4°¢ 6 15 0
C4 6 9 0
a8 p = periodicity in months
h = sample size
—\permissible number of non-conforming items
b The content of the inspection subgroup is described in Clause 2 of the relevant blank details specification.
¢ If required.

8 Test and measurement procedures

8.1 General

This clause supplements the information given in IEC 60384-1:2016, Clause 4.

8.2 Preliminary drying
See IEC 60384-1:2016, 4.3.
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Measuring conditions

See IEC 60384-1:2016, 4.2.1.

8.4

Mounting

See IEC 60384-1:2016, 4.33.

8.5
8.5.

Visual examination and check of dimensions

1 General

See|lEC 60384-1:2016, 4.4, with the details of 8.5.2 and 8.5.3.

8.5.

10x

p Visual examination

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

reqyired.

The

operator should have available facilities for incident or transmitted illumination as we

an agppropriate measuring facility.

8.5.

8.5.

B Requirements

8.1 General

Quantitative values for the requirements beloiw, 'may be given in the detail or in
manjufacturer’s specification.

8.5.

B.2 Requirements for the ceramic

Reqguirements for the ceramic are as_follows:

a)

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

P

IEC

Figure 1 — Fault: crack or fissure

A vjsual examination shall be carried out with suitable equipment with approximTter
I

evel

Il as

the

rate

_—

IEC

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

Figure 2 — Fault: crack or fissure

b) Not exhibit visible separation or delamination between the layers of the capacitor

(see Figure 3).
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Separation or
delamination

Crack

IEC

Figure 3 — Separation or delamination

ocad alactradac hatwaoaon thao thwao tarminatinone (can Dinnira 40
oS o—Erectroat ot e e vt et oSSt e rgute 4~

c) |

8.5.
Req

a)
(¢
b) T
|

The
159

gap$ in metallization'shall not affect the two principal edges of each extremity of the bloc

four
not

principal.

lat axdhibhit avn
XTI EXP T tt vy

Exposed electrodes.

IEC

Figure 4 — Exposed electrodes

[he ceramic body shall be free of any conducting smears. {(metallization, tinning, etc.)

etween those (Annex A, dimension L,).
B.3 Requirements for the metallization
Llirements for the metallization are as follows:

Not exhibit any visible detachment of“the metallized terminations and not exhibit
pxposed electrodes (see Figure 4).
he principal faces (see Figure 5)-are those noted A, B and C.

h the case of capacitors .of 'square section, the faces D and E are also consid

maximum area of gaps in metallization on each principal face shall not be greater
of the area of that‘face; these gaps shall not be concentrated in the same area.

edges for square section capacitors). Dissolution of the end face plating (leaching) s
bxceed 25 ,%:0f the length of the edge concerned.

bn a
entral zone between two adjacent terminations whichis equal to the minimum distance

any

bred

than
The

(or
shall

/ Principal edges

D IEC

Figure 5 — Principal faces
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Electrical tests

8.6.1 Capacitance

8.6.1.1 General

See

IEC 60384-1:2016, 4.7, with the details of 8.6.1.2 and 8.6.1.3.

8.6.1.2 Measuring conditions

Unless otherwise specified in the detail specification,

— easuring voltage: <5V RMS,
— frequency: Cn <1000 pF 1 MHzor 100 kHz (referee frequency 1 MHZ);

8.6

The
valu

The
refe

8.6.
8.6.

See

8.6.

The
equi

8.6.
The

in Table 8.

.3 Requirements

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

capacitance value as measured in the unmounted state, shall coyfespond to the r
e taking into account the specified tolerance.

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

p Tangent of loss angle (tan §)

p.1 General

IEC 60384-1:2016, 4.8, with the details of 8.6.2.2 and 8.6.2.3.

p.2 Measuring conditions

measuring conditions are the sahte as those of 8.6.1. The inaccuracy of the meast
fpment shall not exceed 3 x 10%4.

.3 Requirements

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

Table 8 — Tangent of loss angle limits

ated

for

ring

iven

Nominal Tangent of loss angle (tané) x 107
capacitance
+100 > a > =750 -750 2> a > a=-1500
pF and SL (1C) -1 500
Cy =50 15 20 30
150 150 150
< 15— +7 2l —+7 3= +7
o= Oy <0 [CN ] [CN ] [CN ]
C <5 When the measurement is required the detail specification
N shall specify the limit.

The tangent of loss angle as measured in the mounted state in accordance with Group 3 is for
reference purpose only in further tests.
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8.6.3 Insulation resistance
8.6.3.1 General

See IEC 60384-1:2016, 4.5, with the details of 8.6.3.2 to 8.6.3.4.

8.6.3.2 Preparation for test

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

Care shall be taken to maintain cleanliness in the test chambers and during post test
mealsurements. Before the measurement, the capacitors shall be fully discharged\ [The
insujation resistance shall be measured between the terminations.

8.6.8.3 Measuring conditions

See|lEC 60384-1:2016, 4.5.2, with the following details.

The|measuring voltage may be of any value not greater than Uy, the reiéree voltage being Ug,
for g capacitor with a rated voltage below or equal to 1 kV. For Ug 5-1"kV the referee volfage
shall be 1 kV.

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

For ot-by-lot testing (Group A) the test may be terminated in a shorter time, if the reqyired
valup of insulation resistance is reached.

The|product of the internal resistance of thelvoltage source and the nominal capacitande of
the ¢apacitor shall not exceed 1 s, unless _otherwise prescribed in the detail specification.

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

8.6.3.4 Requirements

Thelinsulation resistance.shall meet the following requirements.

Cy <10 nF R, 2 10 000 MQ

Cy > 10 nF R, x Cy 2100 s

8.6.4 Voltage proof

8.6.4T General

See IEC 60384-1:2016, 4.6, with the details of 8.6.4.2 to 8.6.4.4.
8.6.4.2 Test conditions
The product of Ry and the nominal capacitance Cy shall be smaller than or equal to 1 s.

NOTE R, is a charging resistor that includes the internal resistance of the voltage source. See IEC 60384-1:2016,
4.6.2.

The charge current shall not exceed 0,05 A.
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For capacitors with rated voltages of 1 kV and above, a lower charge current limit value may
be given in the detail specification. To protect the capacitors against flashover, the test may
be performed in a suitable insulating medium.

8.6.4.3 Test voltages
The test voltages in accordance with Table 9 shall be applied between the measuring points of

8.6.3 and Table 3 in IEC 60384-1:2016, 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
\ \

Ug < 100 2,5 Ug
100 < U, < 200 1,5 U, + 100
200 < U, <500 1,3 U, + 100
500 <Ug < 1 000 1,3 Uy

Ug 21 000 1,2 Ug

8.6.4.4 Requirement

Thege shall be no breakdown or flashover during the test.

8.7 | Temperature coefficient (&) and temperature cycle drift
8.7.1 General

See|lEC 60384-1:2016, 4.24.3.3, with the details of 8.7.2 to 8.7.4.

8.7.2 Preliminary drying

The|capacitors shall be dried.inaccordance with 8.2 for 16 h to 24 h.

8.7.8 Measuring conditions

See|lEC 60384-1:2016, 4.24.1.2 and 4.24.1.3, with the following details.
The|capacitorgishall be measured in the unmounted state.

8.7.4 Requirements

The| capacitance deviation at upper and lower cateqory temperature (and at such dther
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 10.
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Table 10 — Temperature cyclic drift limits

arated in 107%/K Requirements 2
+100 > o > —150 0,3 % or 0,05 pF
-150 > ¢ > —1 500 and SL (1C) 1 % or 0,05 pF
a=-1500 2 % or 0,05 pF
2  Whichever is the greater.

8.8 Shear test

See|lEC 60384-1:2016, 4.34.

)

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

8.9 | Substrate bending test
8.9.1 General

See|lEC 60384-1:2016, 4.35.

Unlgss otherwise specified in the detail specification,

— the deflection D shall be selected from 1 mm, 2 mm0r 3 mm,

— the number of bends shall be 1 time,

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

\Vhen the deflection D is 2 mm or less, thé&Zradius may be 230 mm.
— the duration in the bent state shall be.5 S.

For LOO5M or smaller size, the thickness of substrate should be 0,8 mm.

8.9.2 Initial measurement

The|capacitance shall be measured as specified in 8.6.1 and in the detail specification.

8.9.8 Final inspection

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

8.10 “\Reésistance to soldering heat

8.10.1 General

See |[EC 60068-2-58 with the details of 8.10.2 to 8.10.5.

8.10.2 Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.10.3 Test conditions

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

NOTE See Table A.1 for explanation of the size code.
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See IEC 60068-2-58:2015, Test Td,, Method 1, with the following details, if not otherwise
specified in the detail specification:

The specimen shall be preheated to a temperature of 110 °C to 140 °C and maintained for

30 s to 60 s.

Solder alloy: Sn-Pb or Sn-Ag-Cu
Temperature: 260 °C x5 °C
Duration of immersion: 10s+1s

Depth of immersion: 10 mm

Number of immersions: 1

8.10.

3.2 Infrared and forced gas convection soldering system

See|lEC 60068-2-58:2015, 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;
unless otherwise specified in the detail specification, the'specimen and test substrate shall
he 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
neached (235 + 5) °C and maintained at this temperature for (10 + 1) s;
e) golder alloy: Sn-Ag-Cu;
Unless otherwise specified in the detaik'specification, the reflow temperature profile shall
he selected from Table 11 and Figure'6;
Table 11 — Reflow, temperature profiles for Sn-Ag-Cu alloy
Alloy composition T, T, t, T, t, T, ty
°C °C s °C s °C s
Leaf-free solder | Test 1 150+ 5 1805 120+ 5 220 60 to 90 250 20to40atT,-pK
(SnyAg-Cu) Test2 | 150+5 | 180+5 | 120+5 | 220 <60 255 <20atT, - 10[K

\
Y

Y

A

IEC

Figure 6 — Reflow temperature profile
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f) number 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.

8.10.4 Recovery

The

The

capacitors shall recover for 6 h to 24 h.

flux residues shall be removed with a suitable solvent.

8.10.5 Final inspection, measurements and requirements

After
following requirements.

Und

such as cracks.

Disgolution of the end face plating (leaching) shall not exceed 25 % ofithie length of the ¢
congerned. The detail specification may prescribe further details.

The
the

8.11] Solderability

8.11.1 General

See

8.11.2 Test conditions

8.111.2.1 Sodder bath method (applicable to 1608M, 2012M and 3216M)

recovery, the capacitors shall be visually examined and measured and shall megt

er normal lighting and approximately 10x magnification, there shall be no signs of dan

capacitance shall be measured in accordance with 8.6.1 and the change shall not exq
alues in Table 12.

Table 12 — Maximum capacitance change

arated in 107%/K Requirements 2
+100 > a > —750 0,5 % or 0,5 pF
-750 > ¢ > -1 500 and SL (1C) 1% or1pF
2  Whichever is the greater.

IEC 60068-2-58 with the details of 8.11.2 to 8.11.4.

the

age

dge

eed

NOTE See<kable A.1 for explanation of the size code.
See| IEC 60068-2-58:2015, Test Td;, Method 1, with the following details, if not otherpise
Speb;ficd i-the—detait cpcu;ﬁbatiun.

The specimen shall be preheated to a temperature of 80 °C to 140 °C and maintained for 30 s

to 60 s.

Solder alloy: Sn-Pb Sn-Ag-Cu
Temperature: (235 + 5) °C (245 £ 5) °C
Duration of immersion: (2+0,2)s (3+£0,3)s
Depth of immersion: 10 mm 10 mm

Number of immersions: 1 1
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8.11.2.2 Infrared and forced gas convection soldering system

See

IEC 60068-2-58:2015, Test Td,, Method 2, with the following details:

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

b) t
c) t

he thickness of solder deposit shall be specified in the detail specification;
he terminations of the specimen shall be placed on the solder paste;

d) solder alloy: Sn-Pb;
unless otherwise specified in the detail specification, the specimen and test substrate shall

e prnhnntnd to a temperature of (1 50 + 10) °C_and maintained for 60 s to 120 s i

the

f)
8.11

The

8.11

The
mag

BotH
with
de-y

The

8.12

8.12.

This
110

hfrared and forced gas convection soldering system;

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

older alloy: Sn-Ag-Cu;

nless otherwise specified in the detail specification, the specimen and test substrate
e preheated to a temperature of (150 = 5) °C to (180 = 5) °C for 60 s to 120 s in
hfrared and forced gas convection soldering system;

he temperature of the reflow system shall be quickly raiséd,-until the specimen
eached (235 + 3) °C. The time above 225 °C shall be (20 £.5)'s;

he temperature profile of d) or e) shall be specified in thé«detail specification.
.3 Recovery

flux residues shall be removed with a suitable solvent.

.4 Final inspection, measurements and\requirements

capacitors shall be visually examineéd under normal lighting and approximately
nification. There shall be no signs of.-damage.

end face and the contact areas shall be covered with a smooth and bright solder coa
no more than a small amount of scattered imperfections such as pinholes or unwetts
etted areas. These impeifections shall not be concentrated in one area.

detail specification may prescribe further requirements.

Rapid change’'of temperature
1 Genéral

test-shall be applied only to capacitors for which the category temperature is grg
°C.

has

shall
the

has

10x

ating
d or

ater

See

The

8.12
The

8.12
The

IEC 60384-1:2016, 4.16, with the details of 8.12.2 to 8.12.5.
capacitors shall be mounted in accordance with 8.4.

.2 Initial measurement

capacitance shall be measured in accordance with 8.6.1.

.3  Number of cycles

number of cycles: 5.

Duration of exposure at the temperature limits: 30 min.
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8.12.4 Recovery

The capacitors shall recover for 6 h to 24 h.

8.12.5 Final inspection, measurements and requirements

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

The capacitance shall be measured in accordance with 8.6.1 and the change shall not exceed
the value in Table 13.

Table 13 — Maximum capacitance change

arated in 1078/K Requirements 2
+100 > o > —750 1% or1lpF
-750 > ¢ > —1 500 and SL (1C) 2% or 1pF
a8 Whichever is the greater.

8.13 Climatic sequence
8.13.1 General

See|lEC 60384-1:2016, 4.21, with the details of 8.13.240 8.13.7.

8.13.2 Initial measurement

The|capacitance shall be measured in accordance with 8.6.1.

8.13.3 Dry heat

See|lEC 60384-1:2016, 4.21.3.

8.13.4 Damp heat, cyclic, Té€st Db, first cycle

See|lEC 60384-1:2016, 4.2174.

8.135 Cold

See|lEC 60384:-1:2016, 4.21.5, with the following details.

The|capagitors shall be visually examined. There shall be no visible damage.

8.13.6~" Damp heat, cyclic, Test Db, remaining cycles
8.13.6.1 General

See IEC 60384-1:2016, 4.21.7, with the details of 8.13.6.2 and 8.13.6.3.

8.13.6.2 Test conditions
No voltage applied.

The remaining cycles shall be tested in accordance with Table 14.
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Table 14 — Number of damp heat cycles

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

8.1:.6.3 RCbUVCIy

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

8.13.7 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 requirements in‘Table 15.

Table 15 — Final inspection, measurements and (tequirements

Measurement Measurement and arated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100%2/a > =750 (1B) Capacitance changg
<2% orlpF?
=750 > > -1 500 (1F) Capacitance changg
SL (1C) <3% orlpF?
Tgngent of loss angle 8.6.2 All as and subclasses < 2x value in the tablg¢ of
8.6.2
Infsulation resistance 8.6.3 All as and subclasses R; =2 500 2l\/éQSobr RixC¢ 2

NOTE See 6.2.5 for an explanation,of-the subclass codes.

2  Whichever is the greater.

b Whichever is the lower.

8.14 Damp heat; steady state
8.14.1 General

See|lEC.60384-1:2016, 4.22, with the details of 8.14.2 to 8.14.5.

The capacitors shall be mounted in accordance with 8.4.

8.14.2 Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.14.3 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 16 and
be specified in the detail specification.
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The duration time should be selected in accordance with 6.1 and shall be specified in the

detail specification.

Table 16 — 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

Whdgn the application of voltage is prescribed, Ui shall be applied to one half of the lot anpl 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
8.6.4 shall be carried out, but with the rated voltage applied.

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

8.14.4 Recovery

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

8.14.5

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

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

Final inspection, measurements and requirements

Table 17 — Final inspection, measurements and requirements

Measurement Measurement and arated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100 > a > —750 (1B) Capacitance changg
<2%orlpF?
=750 > @ > -1 500 (1F) Capacitance changg
SL (1C) <3%orlpF?
Tgngent of loss angle 8.6.2 All as and subclasses < 2x value in the tablg of
8.6.2
Insulation resistance 8.6.3 All as and subclasses R; = 2 500 MQ or
R/ xCy 225sP

NOTE See 6.2.5 for an explanation of the subclass codes.

2  Whichever is the greater.
b

Whichever is the lower.

8.15 Endurance

8.15.1 General

See |IEC 60384-1:2016, 4.23, with the details of 8.15.2 to 8.15.5.
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The capacitors shall be mounted in accordance with 8.4.

8.15

.2

Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.15.3 Test conditions

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

Table 18.
Table 18 — Endurance test conditions (Us = Ug)

Ug Ug <200 200 < U, <500 | Ug > 500
Tgmperature Upper category temperature
vdltage (DC) 1,5 Uy 1,3 Uy 1,2 Uy

Duration 1 000 h 1500 h 2000 h
If thp category voltage is not equal to the rated voltage, the capacitors shall be tested as in
Table 19.
Table 19 — Endurance test conditions (U # Ug)

Ug Uy < 200 200-\Uj, < 500 Ug > 500
Tegmperature T Ty TR Ty T Tg
vdltage (DC) 1,5 Ug 1,5 U, 1,3.U, 1,3 U, 1,2 Uy 1,2 U{

Duration 1 000 h 1500 h 2000 h
Sample Divided into two parts Divided into two parts Divided into two parts|
Tr 7 Rated temperature.
Tg 4 Upper category temperatures > 85 °C; such as 100 °C, 125 °C and 150 °C.
8.154 Recovery
The|capacitors shall recover for 6 h to 24 h.
8.19.5 Finalinspection, measurements and requirements
The|capaeitors shall be visually examined. There shall be no visible damage.
The|capacitors shall be measured and shall meet the requirements in Table 20.
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Table 20 — Final inspection, measurements and requirements

Measurement Measurement and arated and (Subclass) Requirements
conditions
Capacitance 8.6.1 +100 > o > —750 (1B) Capacitance change
<2%orlpF?
=750 > > -1 500 (1F) Capacitance change
SL (1C) <3%orlpF?
Tangent of loss angle 8.6.2 All as and subclasses <2 x valxue in the table
of-6-6-2-
Injsulation resistance 8.6.3 All as and subclasses

R, 2 4 000MQ.0r
R xCy240sP

NOTE See 6.2.5 for an explanation of the subclass codes.

a8 Whichever is the greater.

Whichever is the lower.

8.1 Robustness of terminations (only for capacitors with_strip termination)

8.16.1 General

See|lEC 60384-1:2016, 4.13, with the details of 8.16.24@nd 8.16.3.

8.16.2 Test conditions

Unlgss otherwise specified in the detail specification, the conditions of the tests are as fol

— Test Uay: force: 2,5 N;

— Test Ub, Method 1: force: 2,5 N;

— number of bends: 1.

8.16.3 Final inspection and‘requirements

OwWSs:

The|capacitors shall be yisually examined. There shall be no visible damage.

8.171 Componentsotvent resistance (if required)

See|lEC 60384;1:2016, 4.31.

8.1 Solvent resistance of the marking (if required)

See|lEE'60384-1:2016, 4.32.

8.19 Accelerated damp heat, steady state (if required)

8.19.1 General

See IEC 60384-1:2016, Annex H, with the details of 8.19.2 to 8.19.5.

The capacitors shall be mounted in accordance with 8.4 and IEC 60384-1:2016, Clause H.1.

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

+10 %.
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8.19

.2 Initial measurement

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

The insulation resistance, including the series resistor, shall meet the requirements given in

Table 21.
Table 21 — Initial requirements
M surement I\Ilancllring Dﬂqnirﬂmnntc
conditions
Connected to Cy <10 nF: R, > 10 000 MQ
. 100 kQ resistors | ¢ - 10 nF: (R — 100 kQ) x C,, > 100 s
Ihsulation (154 0,1) V N i N
resistance T C, <10 nF: R, > 10 000 MQ
Connected to N i
6,8 kQ resistors Cy > 10 nF: (R, - 6,8 kQ) x C > 100's
8.19.3 Conditioning
The|capacitors with associated resistors shall be subjectedto” conditioning at (85 + 2)| °C,
(85 £ 3) % relative humidity for the test duration giventin*Table 22. The voltage given in

con
capa

Cargd

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

Table’22 — Conditioning

Tabrle 22 shall be applied to the capacitors conneeted to 100 kQ resistors and those
ected to 6,8 kQ resistors. In both cases, thé\voltage shall be applied across
\citor/resistor combination.

the

may

Connected resistors Applied voltage Duration
kQ
100 (145 £ 0,1) V or the voltage specified in the
detail specification 168 h. 500 h or 1 000 h:

6,8

(50 +0,1) V or U, whichever is the lower,
or the voltage specified in the detail
specification

as specified in the detail

specification

8.19
The

from

.4 Regovery

applied voltage shall be disconnected and the capacitors and resistors shall be rem¢ved
m&mﬂm—fm—ﬁ—m—ﬁ—m—w eric

conditions for testing.

8.19

The capacitors shall be measured for insulation resistance, as in 8.19.2.

.5 Final measurements

The insulation resistance, including the series resistor, shall be greater than 0,1 times the
values given in 8.19.2.
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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 be considered in the dimensioning of the capacitors.

Dimensions are specified in Table A.1.

Metallized surface

§ Metallized surface

/

Metallized surface ?
/_'/

Y
A
¥

A

IEC
Dimepsion W should not exceed dimension L,.
Dimepsion H should not exceed dimension W.
If nedessary, the thickness of tinning should be\Specified.
Figure A.1 — Dimensions
Table A.1 — Dimensions
CGode Length Width L, L L,
[y W Minimum Minimum
0p01M 0325 + 0,013 0,125 + 0,013 0,04 0,06
0402M 0,4 £ 0,02 0,2 £ 0,02 0,05 0,1
0p03M 0,6 £ 0,03 0,3 +£0,03 0,1 0,2
1p05M 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 57+0,4 50+£0,4 0,3 2,5

NOTE Dimension in millimetres.

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

(informative)

for the reference temperature of 25 °C

Combination of temperature coefficient and tolerance

The temperature coefficient of capacitance for the reference temperature of 25 °C has often
been used due to marketing needs and because of their actual performance. This temperature
coefficient and code are shown in Table B.1.

Table B.1 — Combination of temperature coefficient and tolerance
for the reference temperature of 25 °C

Permissible relative variation in capacitance in parts per
Tem_pgrature 1 000 between 25 °C and given temperature
Code of coefficient and
tenpperature tolerance Lower category temperature Upper category temperature
coefficient
and|tolerance o Tolerance
-55°C |-40°C |-25°C [-10°C | +70 °C¢). %85 °C | +100 °C | +12p °C
10°8/K 10°%/K
CO0G 0 + 30 -2,40/ | -1,95/ | -1,50/ | -1,05/ | »1,35/ | —1,80/ -2,25/ -3/00/
5,81 4,72 3,63 2,54 1/35 1,80 2,25 3,p0

a =1

ominal temperature coefficient
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Annex X
(informative)

Cross-reference for reference to IEC 60384-21:2011

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 60384-21:2011.

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

IEC 60d384-21:2011 IEC 6%384-21:20xx
29 edition 3" edition Notes

Cllause/Subclause Clause/Subclause
lll 1 Scope and Object are merged into one in accordance with the
1'2 ISO/IEC Directives Part 2
1.3 2 In accordance with ISO/IEC Directives Part 2
1.4 4 In accordance with the change of elause numbers
1.5 3 In accordance with ISO/IEC Dijtectives Part 2
1.6 5 In accordance with the change of clause numbers
2 6 In accordance with the change of clause numbers
3 7 In accordance with the change of clause numbers
4 8 In accordancefwith the change of clause numbers

Table X.2 indicates the new figure and table pumbers with respect to IEC 60384-21:2011.

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

IEC 60384-21:2011 IEC 60384-21;20xx
2nd edition 3rd edition Notes
Figure/Table Figure/Table
Table 6a Table 6 In accordance with the 1SO/IEC directives, Part2 and the
Table 6b Table 7 change of table numbers
Table 7 to Table 21 Table 8 to Table 22 | In accordance with the change of table numbers

Forlthe figure numbers, there was no change.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES —

Partie 21: Spécification intermédiaire —

Comdensateurs mutticouches fixes a dietectriques
en céramique pour montage en surface, de Classe 1

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale/de normalig
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux,de I'lEC). L'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les dom
b |'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie \des Normes internatio
bs Spécifications techniques, des Rapports techniques, des Spécifications accéssibles au public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'étudeq
travaux desquels tout Comité national intéressé par le sujet traité péut participer. Les organissg
internationales, gouvernementales et non gouvernementales, en liaison(avec I'lEC, participent égalemen|
travaux. L'IEC collabore étroitement avec I'Organisation Internatiofale. de Normalisation (ISO), selor
conditions fixées par accord entre les deux organisations.

[ E=-N-N-Nrlw

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m
dy possible, un accord international sur les sujets étudiés, £&tant donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d'études.

Les Publications de I'lEC se présentent sous la forme\de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tousyles efforts raisonnables sont entrepris afin que
s’lassure de I'exactitude du contenu technique de ses, publications; I'lEC ne peut pas étre tenue responsah
I'éventuelle mauvaise utilisation ou interprétationsqui-en est faite par un quelconque utilisateur final.

Dpns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans to
mesure possible, & appliquer de fagon transparente les Publications de I'lEC dans leurs publications natio
el régionales. Toutes divergences entre\toutes Publications de I'lEC et toutes publications nationalg
rdgionales correspondantes doivent étresindiquées en termes clairs dans ces derniéeres.

LIIEC elle-méme ne fournit aucunel_attestation de conformité. Des organismes de certification indépen
fdurnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
cpnformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifig
indépendants.

Tpus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniere édition de cette publication.

y|compris ses experts’ particuliers et les membres de ses comités d'études et des Comités nationaux de
pour tout préjudice.causé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
nfture que c€/)soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) ¢
deépenses découlant de la publication ou de [l'utilisation de cette Publication de I'lEC ou de toute

Publication.de I'lEC, ou au crédit qui lui est accordé.

L

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
rgférencées est obligatoire pour une application correcte de la présente publication.
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L'attention est attirée sur le fait que certains des éléments de la présente publication de I''EC peuvent

faire

I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60384-21 a été établie par le comité d'études 40 de I'lEC:
Condensateurs et résistances pour équipements électroniques.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2011. Cette édition
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:

a)

révision de la structure conformément aux directives ISO/IEC, Partie 2:2016, dan
mesure du possible, et pour I'harmonisation avec I'lEC 60384-22;

s la
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b) suppression de la description de la puissance réactive admissible en 6.2.2, parce qu'elle
n'est pas adaptée aux besoins du présent document;

c) les dimensions de 0201M a I'Annexe A ont été ajoutées.

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

abouiti a I'approbation de cette Norme internationale.

Ced
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FDIS

Rapport de vote

40/2639/FDIS

40/2651/RVD

ocument a été rédigé selon les Directives ISO/IEC, Partie 2.

liste de toutes les parties de la série IEC 60384, publiées sous!le™ titre gén
Confensateurs fixes utilisés dans les équipements électroniques, peut étre consultée s

site web de I'lEC.
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lité indiquée sur le site web de I'lEC sous "http://webstore’iec.ch"” dans les donfées
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upprime,

e rlemplacé par une édition révisée, ou

e amendé.
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CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES —

Partie 21: Spécification intermédiaire —
Condensateurs multicouches fixes a diélectriques
en céramique pour montage en surface, de Classe 1

omaine d'application

résente partie de I'lEC 60384 est applicable aux condensateurs multicou€hes fix4

imées ou directement sur des substrats de circuits hybrides.

condensateurs d'antiparasitage ne sont pas inclus, madis~ils sont couverts

brentielles et de sélectionner a partir de I''EC 603842 les procédures d'assurance d
ité, les essais et les méthodes de mesure appropriées et de donner les exigence
brmance générales pour ce type de condensateur. Les exigences et les sévérités

brmance inférieurs ne sont pas admis.

Références normatives

documents suivants cités dans le texte constituent, pour tout ou partie de leur cont
exigences du présent.document. Pour les références datées, seule ['édition ¢
blique. Pour les références non datées, la derniére édition du document de référg
blique (y compris les_éventuels amendements).

60063, Séries devaleurs normales pour résistances et condensateurs
60068-1:2013, Essais d'environnement — Partie 1: Généralités et lignes directrices

60068-2-58:2015, Essais d'environnement — Partie 2-58: Essais — Essai Td — Méthd
saidde la soudabilité, résistance de la métallisation a la dissolution et résistance
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60068-2-58:2015/AMD1:2017

IEC 60384-1:2016, Condensateurs fixes utilisés dans les équipements électroniques -

Part

ie 1: Spécification générique

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

ISO
3

3:1973, Nombres normaux — Séries de nombres normaux

Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 60384-1, ainsi

que

les suivants, s'appliquent.
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L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e [SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

condensateur multicouche pour montage en surface

condensateur multicouche dont les petites dimensions et la nature ou la forme des
connexions de sortie en font un condensateur pouvant étre monté en surface dans des
circuits hybrides et sur des cartes imprimées

3.2
conglensateurs a diélectrique en céramique, Classe 1
condensateurs spécialement congus et adaptés pour une application dans un cireuitsrésopant
ou de faibles pertes et une stabilité élevée de capacité sont essentielles ou_pour lequgl un
coefficient de température défini avec précision est exigé, en vue par exemplesde compepser
les gffets de température dans le circuit

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

3.3
soup-classe
poull un coefficient de température nominale donné, la sous:€lasse est définie par la tolérance
sur lle coefficient de température

Note|l a I'article: Voir Tableau 2.

Note 2 & I'article: La valeur nominale du coefficient de température et sa tolérance font référence a l'intervalle de
tempgratures comprises entre +20 °C et +85 °C, maisien raison du fait qu'en pratique, les courbes dg TC
(coefficient de température) ne sont pas strictement linéaires, il est nécessaire de définir I'écart de capacité |[imite
(AC/@) pour d'autres températures (voir Tableau 3).

3.4
plage de températures de catégorie
plage des températures ambiantes) pour laquelle le condensateur est congu en vue (d'un
fonctionnement permanent

Note |l a 'article: Cette plage est.donnée par la température minimale de catégorie et la température maximgle de
catédorie.

3.5
température assigneée
Tr
température ~afmbiante maximale a laquelle la tension assignée peut étre appliquéq de
manjiére continue

3.6
tension assignee

Ugr

tension continue 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 continue maximale est la somme de la tension continue et de la valeur de créte de la
tension alternative ou de la valeur de créte de la tension d'impulsion appliquées au condensateur.

3.7

tension de catégorie

Uc

tension maximale pouvant étre appliquée de maniére continue a un condensateur a sa
température maximale de catégorie
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4 Informations devant figurer dans une spécification particuliére

4.1 Généralités

La spécification particuliere doit étre établie a partir de la spécification particuliére-cadre
applicable.

Les spécifications particuliéeres ne doivent pas indiquer d'exigences inférieures a celles de la
spécification générique, intermédiaire ou particuliére-cadre. Lorsque des exigences plus
séveres sont incluses, elles doivent étre indiquées en 1.9 de la spécification particuliére et

dansles programmes d'essais-—par exemple par un astérisgue
L ) L o g L T

Par |commodité, les informations données en 4.2 peuvent étre présentées sous/forme de
tableau.

Les |informations présentées aux Paragraphes 4.2 a 4.5 doivent étre données dans chaque
spégification particuliére et il convient de choisir les valeurs citées parmicelles données dans
I'article approprié de la présente spécification intermédiaire.

4.2 Dessin d'encombrement et dimensions

Une| illustration des condensateurs doit étre incluse pourpermettre de reconnaitre e} de
comparer facilement des condensateurs avec d'autres.

Les |[dimensions et les tolérances qui leur sont assogi€es, qui affectent l'interchangeabili{é et
le montage, doivent étre indiquées dans la spécification particuliére. Toutes les dimensions
doivent étre indiquées en millimétres; toutefois, lorsque les dimensions originales fsont
indiquées en pouces, les dimensions métrigues converties en millimétres doivent |étre
ajoutées.

Normalement, les valeurs numériques de'la longueur, de la largeur et de la hauteur du cprps
doivent étre indiquées. Si nécessaire, par exemple lorsqu'un certain nombre d'élémgents
(tailles et plages de capacités/tensions) sont couverts par une spécification particuliére| les
dime¢nsions et les tolérances assiociées doivent étre placées dans un tableau sous le dessjn.

Lorgque la configuration est-différente de celle décrite ci-dessus, la spécification particuliére
doit|indiquer de tellesVinformations sur les dimensions afin de décrire correctement| les
condensateurs.

4.3 | Montage

La gpécification particuliére doit donner des recommandations sur les méthodes de montage
poutl une-utilisation normale. Les montages pour les essais et les mesures (si exigés) doivent
étre|canformes a 8.4 de la présente spécification intermédiaire.

4.4  Valeurs assignées et caractéristiques
4.4.1 Généralités
Les valeurs assignées et les caractéristiques doivent étre conformes aux articles

correspondants de la présente spécification intermédiaire, ainsi qu'aux Paragraphes 4.4.2,
4.4.3 et 4.4.4.

4.4.2 Plage de capacités nominales

Voir 6.2.4.1.

Si des produits approuvés conformément a la spécification particuliere comportent des plages
différentes, il convient d'ajouter la phrase suivante: "La plage de valeurs de capacités
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disponibles dans chaque plage de tensions est indiquée dans le registre des agréments,
disponible par exemple sur le site internet du systeme de certificats en ligne de I''ECQ a

I'adr

esse: www.iecq.org".

4.4.3 Caractéristiques particuliéres

Des caractéristiques supplémentaires peuvent étre indiquées, si elles sont considérées
comme nécessaires pour spécifier de fagon appropriée le composant pour les besoins de la
conception et de l'application.

4.4.4 Brasage

La s
appl

4.5
La s

I'em
doiv

5.1

Voir

5.2

Les
suiv

-t
-

—

pécification particuliére doit prescrire les méthodes d'essai, les sévérités et les exige
cables aux essais de brasabilité et de résistance a la chaleur de brasage.

Marquage

pécification particuliére doit indiquer le contenu du marquage sur le‘condensateur e
ballage. Les écarts par rapport a I'Article 5 de la présente spécification interméd
ent étre indiqués de maniere spécifique.

Marquage
Généralités
2.4 de I'lEC 60384-1:2016, avec les détails de5.2’a 5.6.

Informations relatives au marquage

informations fournies par le marquagé sont normalement sélectionnées dans la

apacité nominale;

ension assignée (la tension.continue peut étre représentée par le symbole:
[__ [IEC 60417-5031(2002-10)] ou — );

plérance sur la capacité-hominale;

oefficient de température et sa tolérance, le cas échéant (conformément a 6.2.5);
lnnée et mois (ou semaine) de fabrication;

om du fabrieant ou marque commerciale;

atégorié climatique;

ésignation du type par le fabricant;

Ante; I'importance relative de chaquetélément est indiquée par sa position dans la liste:

nces

sur
aire

liste

h

eférence a la spécification particuliere.

5.3

Marquage sur le corps

En général, le corps de ces condensateurs n'est pas marqué. Si un marquage peut étre
appliqué, il doit étre bien lisible et comporter le maximum d'éléments cités en 5.2 selon ce qui

estj

5.4

ugé utile. Il convient d'éviter les redondances sur le marquage du condensateur.

Exigences relatives au marquage

Tout marquage doit étre lisible et difficilement effacable par frottement des doigts.
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5.5 Marquage de I'emballage

L'emballage contenant le ou les condensateurs doit comporter un marquage clair indiquant
toutes les informations présentées en 5.2.

5.6 Marquage supplémentaire

Tout autre marquage doit étre appliqué de telle sorte que cela n'entraine pas de confusion.

6 Valeurs assignées et caractéristiques préférentielles

6.1 | Caractéristiques préférentielles

Les | catégories climatiques préférentielles doivent étre données uniquementy dans| les
caractéristiques préférentielles.

Les [condensateurs couverts par le présent document sont classés en categories climatiques
conformément aux régles générales données dans I'Annexe A de I'lEC 60068-1:2013.

Les températures minimale et maximale de catégorie et la durée de-l'essai continu de chdleur
humjide doivent étre choisies dans la liste ci-dessous

— température minimale de catégorie: -55 °C, -40 °G, =25 °C, -10 °C et +10 °C;

— température maximale de catégorie: +70 °C, +85,°C, +100 °C, +125 °C et +150 °C
— durée de l'essai continu de chaleur humide

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

Les |sévérités pour les essais de froid et de ¢haleur séche sont les températures minimale et
maxjmale de catégorie, respectivement.

NOTE La résistance a I'humidité résultant de\J& catégorie climatique ci-dessus concerne les condensateurs|dans
I'état| non monté. La performance climatique* des condensateurs aprés montage dépend considérablement du
subsfrat de montage, de la méthode de montage (voir 8.4) et du revétement final.

6.2 | Valeurs assignées préférentielles
6.2.1 Température assignée (Tg)

Pouf les condensateurs couverts par la présente spécification intermédiaire, la tempérdture

assipnée est égale-a la température maximale de catégorie, a moins que la tempérdture
maxjmale de catégorie ne dépasse 125 °C.

6.2.2 Tension assignee (Ug)

Les |valeurs préférentielles de la tension assignée sont les valeurs de la série R5 de I'ISO 3.
Si d'autres valeurs SOt TECESSAITES, EIeS GOIVENT E1re CNOISIES dans ta Serne R10.

La somme de la tension continue 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.

6.2.3 Tension de catégorie (Ug)

Lorsque la température assignée est définie comme la température maximale de catégorie, la
tension de catégorie est égale a la tension assignée, telle qu'elle est définie dans
I''EC 60384-1:2016, 2.2.5. 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 particuliére.
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6.2.4

6.2.4.1

— 53 —

Valeurs préférentielles de la capacité nominale

Valeurs préférentielles de capacité nominale et valeurs de tolérance associées

Les valeurs de capacité nominale doivent provenir de la série de valeurs de I'lEC 60063; les

séries E6, E12 et E24 sont les séries préférentielles.

6.2.4.2

Tolérances préférentielles sur la capacité nominale

Voir Tableau 1.

Tableau 1 — Tolérances préférentielles sur la capacité nominale

Séries Tolérance
préférentielles Cy 210 pF | Lettre de codage || C, <10 pF | Lettre de codage
E6 20 % M +2 pF G
E12 +10 % K +1 pF E
E24 5 % J +0,5 pF D
+2 % G +0,25 pF C
1% F +0,1 pF B

6.2.% Coefficient de température (@)

6.2.5.1 Coefficient de température nominale &t tolérance

Le [Fableau 2 représente les coefficients dé-température nominale préférentiels et| les

toléfances associées, exprimés en parties pat’million par Kelvin (1078/K), ainsi que les spus-

clasges et les codes correspondants.

La gpécification particuliere doit indiquer pour chaque coefficient de température, la vgleur

minimale de la capacité pour laquélle la tolérance donnée du coefficient de température peut

étre| vérifiée, en tenant compte. de la précision des méthodes de mesure de capacité

spégifiées.

Pouf des valeurs de capacité inférieures a cette valeur minimale:

a) lla spécification(particuliere doit indiquer un facteur de multiplication pour la toléranceg sur
y, ainsi que\\les variations admissibles de capacité aux températures minimal¢ et

aximale de-catégorie;
b) des méthodes de mesure spéciales peuvent étre nécessaires et, si cela est exigé, elles

oivént*étre indiquées dans la spécification particuliére.
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Tableau 2 — Coefficient de température nominale et tolérance

Coefficie_nt de terrlpérature Tolérance’sur le coef_ficient Sous-classe Lettre de codage pour
nominale (107%/K) de température (1078/K) 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 +60 1B T H

-750 +120 1B U J

-1 000 +250 1F Q K

-1 500 +250 1F N K

+140 > o > -1 000 2 1C SsL -

NOT

NOT
capd|

NOT
temp

E 1 Les valeurs de coefficients de température préférentielles () sont soulighées.

E 2 Les coefficients de température nominale et leurs tolérances<sont définis a l'aide de la variatio
cité entre les températures 20 °C et 85 °C.

E 3 Un condensateur avec un coefficient de température de @ 1078 /K et une tolérance sur le coefficie
érature de +30 x 107 /K est congu comme un condensateuf. CG (sous-classe 1B).

n de

ht de

a g
vV

ette valeur de coefficient de température n'est pas\soumise a un contrdle puisqu'aucune limite s
priation relative de capacité n'est spécifiée dans le Tableau 3.

ur la

NOTE

6.2.

Le
toléf

tem

Tableau 3 présente, pour chaque combinaison du coefficient de température et d

temiérature maximale et& 'la température minimale de catégorie. Les coefficientg

Se reporter a I'Annexe B pour la température de référence de 25 °C, a titre de recommandation inform

b.2 Variation relative admissible de capacité

ance, la variation relativebadmissible de capacité exprimée en parties par mille

érature et les tolérances s'expriment en parties par million par Kelvin (1076/K).

ative.

e la
a la
de
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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 catégorie
o Tolérance
107%/K 107%/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) =225/ -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 8,15
-33 +30 (G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4,10/ -5,04/ #6,p2/
8,47 6,77 5,08 3,39 -0,15 -0,195 -0,240 -0J32
-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 -4173
1150 +30 (G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ -11,7 -14,4/ -1§,9/
19,2 15,3 11,5 7,67 -6,0 -7,80 -9,60 -12,6
1220 +30 (G) 14,3/ 11,4/ 8,55/ 5,70/ -12,5/ <16,2/ -20,0/ -29,3/
25,6 20,46 15,3 10,2 -9,50 12,4 -15,2 -20,0
1330 +60 (H) 20,3/ 16,2/ 12,2/ 8,10/ -19,5/ -25,4/ -31,2/ -41,0/
38,4 30,7 23,0 15,4 713,56 -17,6 -21,6 -28,4
1470 +60 (H) 30,8/ 24,6/ 18,5/ 12,3/ 26,5/ -34,5/ -42,4/ -58,7/
51,2 41,0 30,7 20,5 -20,5 -26,7 -32,8 -43,1
1750 +120 (J) 47,3/ 37,8/ 28,4/ 18,9/ -43,5/ -56,6/ -69,6/ -91,4/
82,3 65,8 49,4 32,9 -31,5 -41,0 -50,4 -66,2
-1 000 +250 (K) 56,3/ 45,0/ 33,8/ 22,5/ -62,5/ -81,3/ -100/ -181/
117 93,7 70,2 46,8 -37,5 -48,8 -60,0 -78,8
-1 500 +250 (K) 93,8/ 75,0/ 5653/ 37,5/ -87,5/ -114/ -140/ -184/
163 130 97,7 65,1 -62,5 -81,3 -100 -1B1
Lordque la température maximale de catégorie dépasse 125 °C, les limites doivent étre indiquées danp la
spégification particuliére.
NOTE 1 Les valeurs de coefficients«de téempérature préférentielles (a) sont soulignées.
NOTE 2 Les limites des coeffiCients de température dans la plage des températures allant de 20 °C h la
température maximale de catégorie sont calculées par les coefficients de température nominale et lgurs
toléfances. (Voir formule a) de la NOTE 3.)
Les|limites des coefficients de température dans la plage des températures allant de 20 °C a -55 °C $ont
caldulées en utilisant les' formules b) et c) de la NOTE 3.
NOTE 3 Les écarts de capacité a la température minimale de catégorie sont obtenus en utilisant les formples
suivfantes:
a) yariationvrelative admissible supérieure et inférieure de capacité a la température maximale de catégorie:
\G/C/(1073) = (coefficient de température nominale + tolérance sur le coefficient de températuref) x
emperature mmdaximadale de cdiegorie = ZU)/ T UUU

b) variation relative admissible inférieure de capacité a la température minimale de catégorie:

AC/C (107%) = (coefficient de température nominale + tolérance sur le coefficient de température*) x
(température minimale de catégorie - 20)/1 000

c) variation relative admissible supérieure de capacité a la température minimale de catégorie:

ACIC (107%) = [(-36) - (1,22 x tolérance sur le coefficient de température*) + (0,22 x coefficient de
température nominale) + coefficient de température nominale] x (température minimale de catégorie -
20)/1 000

ou la tolérance sur le coefficient de température* est en valeur absolue.
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6.2.6 Dimensions

Les régles proposées pour la spécification et le codage des dimensions sont présentées a
I'Annexe A.

Les dimensions spécifiques doivent étre données dans la spécification particuliére.

7 Procédures d'assurance de la qualité

7.1 Etape initiale de fabrication

L'étlpe initiale de fabrication est le premier lancement en commun de l'assemblage de
I'élegtrode et du diélectrique.

7.2 Modeéles associables

Les |condensateurs considérés comme étant associables sont des condénsateurs prodults a
partfr de matériaux et processus similaires, bien que leurs valeurs et lles tailles des boitiers
puisgent étre différentes.

7.3 | Enregistrements certifiés de lots livrés

Les |informations exigées en Q.1.5 de I'lEC 60384-1:2016 doivent étre mises a disposition,
lorsqu'elles sont prescrites dans la spécification particuliere et lorsqu'elles sont demandgées
par pn acheteur. Aprés I'essai d'endurance les parametres pour lesquels des informationg de
variables sont exigées, sont la variation de capacité)tan ¢ et la résistance d'isolement.

7.4 | Homologation
7.4.1 Généralités

Les |procédures d'essais d'homologation’sont présentées a I'Article Q.2 de I'lEC 60384-1:2016.

Le grogramme a utiliser pour les_essais d'homologation s'appuyant sur des essais lot pdr lot
et dgs essais périodiques est\pfésenté en 7.5. La procédure utilisant un programme avef un
nomjpre d'échantillons fixe est présentée en 7.4.2 et 7.4.3.

7.4.2 Homologation*fondée sur les procédures avec un nombre d'échantillons fixe

La grocédure ayéc-un nombre d'échantillons fixe est décrite en Q.2.4 de I'lEC 60384-1:2016.
L'échantillon doit étre représentatif de la gamme de condensateurs pour lesquels |une
homjologatioh )est demandée. Il peut ou non s'agir de la gamme compléte couverte par la
spégification particuliére.

Pou r‘h::mlm:- coefficient de fnmlnérnhlrn, L'échantillon doit étre constitué _de anér‘impn de
condensateurs de tailles maximale et minimale et ayant pour chacune de ces tailles la valeur
maximale de capacité pour la tension assignée la plus élevée et pour la tension assignée
minimale des plages de tensions pour lesquelles une homologation est demandée. En
présence de plus de quatre tensions assignées, une tension intermédiaire doit également
faire I'objet d'essais. Ainsi, pour homologuer une plage, il est exigé que les essais portent sur
quatre ou six valeurs (combinaisons capacité/tension) pour chaque coefficient de température.
Lorsque la plage totale est composée de moins de quatre valeurs, le nombre de spécimens
soumis a essai doit étre celui exigé pour quatre valeurs. Lorsque I'homologation est
demandée pour plusieurs coefficients de température, se reporter a 7.4.3.

Lorsqu'un niveau d'assurance EZ est utilisé, des spécimens de rechange sont admis selon les
modalités suivantes:
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Deux (pour six valeurs) ou trois (pour quatre valeurs) par valeur peuvent étre utilisés pour
remplacer les spécimens non conformes en raison d'incidents non attribuables au fabricant.

Les nombres donnés dans le Groupe O laissent présumer que tous les groupes sont
applicables. Si ce n'est pas le cas, les nombres peuvent étre réduits en conséquence.

Lorsque des groupes supplémentaires sont ajoutés au programme d'essais d'‘homologation, le
nombre de spécimens exigé pour le Groupe 0 doit se voir ajouter le nombre exigé pour les
groupes supplémentaires.

Le Tabteaoz—donme fe mombre o echantitons & Soumettre & essal dans chaque groupg ou
soug-groupe et le nombre admissible d'éléments non-conformités pour les “egsais
d'homologation.

7.4.8 Essais

Les |séries complétes d'essais spécifiés dans le Tableau 4 et le Tableau/5 'sont exigées pour
I'hormhologation des condensateurs couverts par une spécification particuliére. Les essais de
chaque groupe doivent étre effectués dans l'ordre indiqué.

La tptalité de I'échantillon doit étre soumise aux essais du Groupe 0, puis divisée pouf les
autres groupes.

Les |spécimens non conformes trouvés pendant les essais du Groupe 0 ne doivent pas |étre
utiligés pour les autres groupes.

"Un [élément non conforme" est comptabilisé, larsqu'un condensateur ne satisfait pas [a la
totalité ou a une partie des essais d'un groupe.

Lorgque I'homologation est demandée paur plusieurs coefficients de température en mgme
temps, le programme d'essais et le ombre d'échantillons exigés pour le coefficien de
température le plus faible sont ceux des Groupes 1, 2 et 3. Pour chaque coefficient de
température supplémentaire, les*essais sont limités se limitent aux essais et aux nompres
d'échantillons spécifiés pour le,Sous-groupe 3.3 et le Groupe 4.

L'homologation est accordée en considérant coefficient de température individuel en fongtion
du nombre admissible «déléments non conformes indiqués dans le Tableau 4. Afin de calquler
le ngmbre total réel.d'éléments non conformes pour des coefficients de température différents
du glus faible coefficient de température, les éléments non conformes des Groupes 1, 2|et 3
poutl le plus faible' coefficient de température sont ajoutés aux éléments non conforme$ du
Sousg-groupe-3(3 et du Groupe 4 pour ce coefficient de température particulier.

L'homolagation est accordée lorsque le nombre d'éléments non conformes est zéro.

Ensemble, le Tableau 4 et le Tableau 5 forment le programme d'essais avec un nombre
d'échantillons fixe. Le Tableau 4 inclut les informations détaillées relatives a I'échantillonnage
et aux éléments non conformes admissibles pour les différents essais ou groupes d'essais. Le
Tableau 5, avec les informations détaillées sur I'essai contenues dans I'Article 8, présente un
résumé complet des conditions d'essais et des exigences de performances et indique quand
un choix doit étre fait dans la spécification particuliere, par exemple pour la méthode d'essai
ou les conditions d'un essai.

Les conditions d'essai et les exigences de performances pour le programme d'essais avec un
nombre d'échantillons fixe doivent étre identiques a celles prescrites dans la spécification
particuliere pour le contrdle de conformité de la qualité.
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Tableau 4 — Plan d'essais avec un nombre d'échantillons fixe pour homologation —
Niveau d'assurance EZ

Groupe Essai Paragraphe de Nombre de Nombre
n° cette spécimens admissible
publication R d'éléments non
n conformes
c
0 Examen visuel 8.5
Dimensions 8.5 132 + 24 f 0
capacite 80
Tangente de I'angle de perte 8.6.2
Résistance d'isolement 8.6.3
Tenue en tension 8.6.4
Spécimens de rechange 12
1A Robustesse des sorties 9 8.16 12 0
Résistance a la chaleur de brasage 8.10
Résistance au solvant des composants P 8.17
1B Brasabilité 8.11 12 0
Résistance au solvant du marquage ° 8.18
2 Essai de courbure du substrat ¢ 8.9 12 0
32 Montage 8.4
Examen visuel 8.5 84 +24f o¢
Capacité 8.6.1
Tangente de I'angle de perte 8.6.2
Résistance d'isolement 8.6.3
Tenue en tension 8.6.4
3.1 Essai de cisaillement I 8.8 24 0
Variations rapides de température 8.12
Séquence climatique 8.13
3.2 Chaleur humide, &ssai continu 8.14 24 0
3.3 Endurance 8.15 36 0
3.4 Chaleur humide, essai continu accéléré P 8.19 241 0
4 Coefficient de température et dérive cyclique | 8.7 12 0
de(température
a8 |es \Valeurs de ces mesures servent de mesures initiales pour les essais du Groupe 3.
b Bi&xigé dans la spécification particuliére.

¢ Les condensateurs s'avérant étre des éléments non conformes aprés le montage ne doivent pas étre pris en
compte pour le calcul des non-conformités admissibles pour les essais suivants. Ils doivent étre remplacés
par des condensateurs de rechange.

4 Ne s'applique pas aux condensateurs, qui, conformément & leur spécification particuliére, doivent seulement
étre montés sur des substrats en alumine.

€ Combinaisons capacité/tension, voir 7.4.2.

f  Condensateurs supplémentaires si le Groupe 3.4 est soumis & essai.

9 S'applique aux condensateurs avec des sorties a lamelle.

P Ne s'applique pas aux condensateurs avec des sorties a lamelle.
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Tableau 5 — Programme d'essais pour homologation

Numéro de paragraphe et D Conditions d'essai Nombre de Exigences de
essai ou . spécimens (n) performances
) ND (voir NOTE 1) et nombre (voir NOTE 1)
(VOII' NOTE l) d'éléments
non
conformes (c)
GROUPE 0O ND Voir Tableau 4
8.5 Examen visuel Selon 8.5.3
Marquage lisible et
comme inr{iqué dans la
spécification particuliefe
8.5 Dimensions (détail) Se reporter a la
spécification patfticuliefe
8.6|1 Capacité Fréquence: ... Hz Sans dépasser la
. tolérance\spécifiée
Tension de mesure:...V en
valeur efficace
8.6]2 Tangente de l'angle Fréguence et tension de Selon 8.6.2.3
de perte (tan o) mesure selon 8.6.1
8.6|3 Résistance La méthode est indiquée Selon 8.6.3.4
d'isolement dans la spécification
particuliére
8.6]4 Tenue en tension La méthode est indiquée Pas de claquage ni de
dans la spécification contournement
particuliére
GRIOUPE 1A D Voir Tableau 4
8.1p Robustesse des Essai Ua,, Force: 2,5N
sorties Essai Ub, Méthodei s
(le cas échéant) Force: 2.5 N
Nombre de
courbures: 1
Examen(visuel Aucun dommage visiblp
8.1pP.2 Mesure initiale Capacité
8.1p Résistance a la La méthode est indiquée
chaleur de brasage dans la spécification
particuliére
Rétablissement: 6 h @ 24 h
8.1D.5 Mesure finale Examen visuel Selon 8.10.5
Capacité Selon 8.10.5
8.1f Résistaneesau Solvant: ... Se reporter a la
solvant.des . ) spécification particuliefe
compasants Température du solvant: ...
(si-cefa est exigé) Méthode 2
Rétablissement: ...
GROUPE 1B D Voir Tableau 4
8.11 Brasabilité La méthode est indiquée
dans la spécification
particuliére
8.11.4 Mesures finales Examen visuel Selon 8.11.4
8.18 Résistance au Solvant: ... Marquage lisible
solvant du ; )
marquage 2 Température du solvant: ...
(si cela est exigé) Méthode 1
Matériau de polissage: coton
hydrophile
Rétablissement: ...
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