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Thig redline version of the official IEC Standard allows the user to identify the chan

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 23: Sectional specification —
Fixed metallized polyethylene naphthalate film

— dielectric surface mount DC capacitors
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 promote interna
-operation on all questions concerning standardization in the electrical and electronic-ields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re

eparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with‘the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreement'between the two organizatig

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

594 ws3°DVIg L

m

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

3TVQO

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bet
hy IEC Publication and the corresponding nation@l or regional publication shall be clearly indicated in the |

o = =

m

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

| users should ensure that they haye‘the latest edition of this publication.

p liability shall attach to IEC orlits 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 out of ‘the’ publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatig
dispensable for'the correct application of this publication.

5> UT®Qo3Z » 9O

Aftention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of p
rights. IEC (shall not be held responsible for identifying any or all such patent rights.
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wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60384-23 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This third edition cancels and replaces the second edition published in 2015. This edition
constitutes a technical revision.

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

a) this edition includes the following significant technical changes with respect to the previous

b)

c)
d)
e)
f)

g)

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

Full
the

The

The

elecfronjc equipment, can be found on the IEC web site.

This—documentwas drafted—imaccordance with tSOAEC Birectives, Part2,amnd devetope
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

edition: revision of all parts of the document based on the ISO/IEC Directives, Part 2:2021,

4dnd harmonization with other similar kinds of documents;

ecided in TC 40;

nevised tables and Clause 5 so as to prevent duplications and contradictions;

in Subclause 5.2 (Mounting), the Subclauses 5.2.1, 5.2.2 and 5.2.3 hayvé-been added;
in Subclause 5.5 (Shear test), the Subclauses 5.5.1 and 5.5.2 have been added;

inspections and requirements) in Group 1A and in Subgroup CT;

bheen added;
tangent of loss angle measurement has been added{o the resistance to soldering heat

Ipt-by-lot and periodical inspection tables including requirements have been move
Annex A;

nevised Inspection Level (IL) of A1 subgroup.

Draft Report on voting

40/2983/FDIS 40/3019/RVD

above table.
language uséd-for the development of this International Standard is English.

list of all_parts of the IEC 60384 series, under the general title Fixed capacitors for us

the document structure has been organized to follow new sectional specificationstrugture
q

in Subclause 5.14 (Component solvent resistance), the Subclauseés-5.14.1 and 5.14.2 have
heen added. In Table 8 and Table A.2, test 5.14 has been-moved before 5.7.5 (Final

In Subclause 5.15 (Solvent resistance of marking), the Subclauses 5.15.1 and 5.15.2 have

test;
d to

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

ein

din

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

=3

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

Part 23: Sectional specification —
Fixed metallized polyethylene naphthalate film
dielectric surface mount DC capacitors

LY
P
P
P
T
P

1 [Scope

part of IEC 60384 is applicable to fixed surface mount capacitors for difect current, [with
llized electrodes and polyethylene naphthalate dielectric for use in eléetronic equipment.
Thesge capacitors have metallized connecting pads or soldering strips and-are intended tp be
moulnted directly onto printed boards or onto substrates for hybrid circdits. These capacjtors
can have "self-healing properties" depending on conditions .of_use. They are primjarily
intemded for applications where the AC component is small with réspect to the rated voltage.

[op
<<

nheitors for radio interfarence su
ppchofs—or—acio—hterferehce—-S

IEC{60384-14.

rascsion ara not SARdluded havy ara ecoveaere
FeSStioR—afe—Ro NRGUGEe G, — e yY—are—covere

1.2 { Object
Fhelobject-of thisstandard-istopreseribe This\part of IEC 60384 specifies preferred rafings

and | characteristics, selects from |EC 60384-1:2021 the appropriate quality assessment
progedures, tests and measuring methods and gives general performance requirements for| this
type| of capacitor. Test severities and requirements-prescribed specified in detail specificanns
refefring to this sectional specificationi&hall-be are of an equal or higher performance l¢vel.
Lowgr performance levels are not permitted.

Cappcitors for electromagnetigCinterference suppression are not included, but are coverefd by
IEC[60384-14.

2 Normative references

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

IEC 60062, Marking codes for resistors and capacitors
IEC 60063, Preferred number series for resistors and capacitors
IEC 60068-1:2013, Environmental testing — Part 1: General and guidance

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

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

ISO 3, Preferred numbers — Series of preferred numbers
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3 Terms and definitions

For the purposes of this document, the terms and definitions of IEC 60384-1:20082021, and
the following apply.

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

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

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

par

<gemneral purpose> capacitors for general applications for which the stringent requirement
grade 1 capacitors are not necessary

3.3

perflormance-grade 3 capacitors

<low temperature, miniature type> miniature type capacitors' having a rated temperature of §
and [for which less stringent requirements than for gradé.2 capacitors are acceptable

4 Preferred ratings and characteristics

41 Preferred-characteristiecs climatic categories

Thelvalues given in detail specifications-shal-preferably should be selected from the follow
The|surface mount capacitors covered by this document are classified into climatic categq
accqrding to the general rules.\given in IEC 60068-1:2013, Annex A.

Thellower and upper category temperature and the duration of the damp heat, steady-state
shal] be chosen from¢the following:

Lowgr category témperature: -55 °C, -40 °C and -25 °C.

Uppgr category temperature: +85 °C (only grade 3), +100 °C, +125 °C and +155 °C.
Duration _of-the damp heat, steady state test:-4,-10; 21 days and 56 days.

With

grade 1 capacitors

meters

grade 2 capacitors

-life> capacitors for long-life applications with stringent requirements for_the ‘electrical

5 for

5°C

ing.

ries

test

At continuous operation at 155 °C beyond the endurance test time, accelerated ageing shall be
carried out (see detail specification).

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

4.2

Preferred values of ratings

4.2.1 Nominal capacitance (Cy)

Pref

erred values of nominal capacitance shall be taken from the E6 series of IEC 60063:



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=dcbe4889ff0054b000637ffd2913c456

—-10 -

1,0-1,5-2,2-3,3-4,7 and 6,8 and their decimal multiples (x 10”%, n = integer).

If other values are required, they-shall-preferably should be chosen from the E12 series.

IEC 60384-23:2023 RLV © IEC 2023

4.2.2 Tolerance on nominal capacitance

The preferred tolerances on the nominal capacitance are £5 %, £10 % and £20 %.

4.2.3 Rated voltage (Ug)

The[preferred values of rated voltage shall be taken from R 10 series of 1ISU 3 are.

1,0+ 1,6 -2,5-4,0-5,0- 6,3 and their decimal multiples (x 107, n: integer).

The|sum of the DC voltage and the peak AC voltage applied to the capacitor-sheuld shal| not
excged the rated voltage.

The|value of the peak AC voltage-should shall not exceed the percentages of the rated voltage
at the frequencies stated in Table 1 and should not be greater than-280 V, unless otherwise

speq

ified in the detail specification.

Table 1 — Percentage limit of the rated voltagecat AC voltage frequency

AC voltage frequency Percentage limit of the rated voltage
Hz %
50 20
100 15
1000 3
10 000 1

4.2.4 Category voltage (Ug)

The|category voltage for Grade 1 and Grade 2 capacitors is:
— fpr upper category temperature 125 °C: 0,8 Ug;

— fpr upper category temperature 155 °C: 0,5 Ug.
The|category voltage for Grade 3 capacitors is:

— fpraupper category temperature 100 °C: 0,8 Ug;

— Tor upper category temperature 125 "L U,9 Ugp.

4.2.5 Rated temperature

Grade 1 and Grade 2 capacitors
The standard value of rated temperature is 100 °C.
Grade 3 capacitors

The standard value of rated temperature is 85 °C.
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5 Test and measurement procedures

5.1 General

This Clause 5 supplements the information given in the relevant clauses of IEC 60384-
1:20082021.

5.2 Mounting

5.21 Initial inspections

The|capacitance shall be measured in accordance with 5.4.2.
Theltangent of loss angle shall be measured in accordance with 5.4.3.

5.2.2 Mounting method
See|lEC 60384-1:20082021, 5.5.

5.2.3 Final inspections after mounting

Aftel recovery, the capacitors shall be visually examined and_measured and shall meef the
reqyirements given in Table 9.

The|measurement values are used as initial inspectigigvalues in subgroups 3.1, 3.2, 3.3|and
3.4 in Table 8 and in subgroups C3.1, C3.2, C3.3 apcdh@3.4 in Table A.2.

5.3 | Visual examination and check of dimensions
5.3. General
See|lEC 60384-1:20082021, 7.1 with theé details of 5.3.2 and 5.3.3.

5.3.2 Visual examination and check of dimensions

Visulal examination shall bexcarried out with—suitable equipment with approximately |10x
magnification and lighting appropriate to the specimen under test and the quality level requ|red.

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

5.3.3 Requirements

The|capagitors shall be examined to verify that the materials, design, construction, physical
dimgnsions and workmanship are in accordance with the applicable requirements given in the
detail specification.

5.4 Electrical tests

5.4.1 Voltage proof

5.4.1.1 General

See IEC 60384-1:20082021, 6.2 with the details of 5.4.1.2, 5.4.1.3 and 5.4.1.4.

5.4.1.2 Test circuit

Delete the capacitor C,.
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The product of R4 and the nominal capacitance of the capacitor under test (Cy) shall be smaller

than

or equal to 1 s and greater than 0,01 s.

R, includes the internal resistance of the power supply.

R, shall limit the discharge current to a value equal to or less than 1 A.

5.41.3 Test conditions

The

voltages given in Table 2 shall be applied between terminals, the measuring points 1

) of

IEC
for

5.4.

The

NOTE

5.4.]
5.4.]

See

5.4.]

The
cap4

The
peal
100

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

Table 2 — Test voltages

Measuring point Test voltage

Grade 1: 1,6 Uy

1a) Grade 2: 1,4 Ur

Grade-3: 44 Ug

4 Requirements

e shall be no breakdown or flashover during the(test.

The occurrence of self-healing breakdowns during the application of the test voltages is allowed.
p Capacitance
P.1 General

IEC 60384-1:20082021, 6.3 with the details of 5.4.2.2 and 5.4.2.3.

p.2 Measuring condifions

citance values~>40 pF, 50 Hz to 120 Hz may be used.

voltage at 50 Hz to 120 Hz shall not exceed 20 % of the rated voltage with a maximu
V (70°V"RMS).

and

capacitance shall’be measured at, or corrected to, a frequency of 1 kHz. For nominal

applied péak voltage at 1 kHz shall not exceed 3 % of the rated voltage, and the applied

m of

5.4.]
The

-3+ Requirements

capacitance shall be within the specified tolerance.

5.4.3 Tangent of loss angle (tan 6)

5.4.3.1 General

See

IEC 60384-1:20082021, 6.4 with the details of 5.4.3.2, 5.4.3.3, 5.4.3.4 and 5.4.3.5.
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5.4.3.2 Measuring conditions for measurements at 1 kHz

The test conditions are as follows:

— Frequency: 1 kHz;

— Peak voltage: < 3 % of the rated voltage;

— Inaccuracy: <10 x 1074 (absolute value).

5.4.3.3 Requirement for measurements at 1 kHz

Tan

§ shall not exceed the applicable values shown in Table 3

Table 3 — Tangent of loss angle limits

Npminal capacitance Tan ¢ (absolute value)
uF Grade 1 capacitors Grade 2 capacitors Grade’ 3 capacitor$
<1 0,006 0,008 0,010 0,010
> 1 0,007 0,008 0,010 0,010
5.4.3.4 Measuring conditions for measurements at 10 kHz

For

Table2 Table 9 for certain tests.

- f

— Ipaccuracy: <10 x 1074 (absolute-value).

5.4.

Tan

5.4.4
5.4.4

See

5.4.4

Prio
shal

capacitors with Cy < 1 yF, tan ¢ shall be in addition measured-as—fellows when requirg

Frequency: 10 kHz;
oltage: 1V RMS;

8.5 Requirement for measurements at 10 kHz

pent of loss angle shall be as stated in the detail specification.

L Insulation resistance
1.1 General

IEC 60384-1:26082021, 6.1 with the details of 5.4.4.2 and 5.4.4.3.

1.2 Measuring conditions

r to thetest, capacitors shall be carefully cleaned to remove any contamination. Cleanli
be ‘maintained in the test chambers and during post-test measurements.

din

ness

Before the measurement, the capacitors shall be fully discharged. The product of the resistance
of the discharge circuit and the nominal capacitance of the capacitor under test shall be > 0,01 s
or any other value-prescribed stated in the detail specification.

The measuring-veltage conditions shall be in accordance with IEC 60384-1:20082021, 6.1.2.

The

measuring points shall be in accordance with IEC 60384-1:20082021, Table 3.

The voltage shall be applied immediately at the correct value through the internal resistance of
the voltage source.

The product of the internal resistance and the nominal capacitance of the capacitor shall be

sSma

ller than 1 s or any other value-prescribed stated in the detail specification.
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The insulation resistance shall meet the requirements of Table 4. However, in lot-by-lot quality
conformance testing, the measurement may be interrupted at the time when the limits of Table 4
have been reached, which can be within 60 s.

Table 4 — Requirements regarding insulation resistance

Minimum Minimal RC product
(R = insulation resistance between the terminations)

Minimum insulation
resistance between the

(C = nominal capacitance Cy) terminations
S MQ
Cy > 0,33 yF Cy £ 0,33 yf
Rated voltage
>100V <100V >100V <100 \
Grade:
1 2,3 1 2,3 1 2,3 1 .3
10 000 400 | 5000 | 400 [.30)00 | 1000 | 1500 | 1[000
0 0
NOTE MQ is used instead of the correct unit GQ for the convenience of the user to calculate the time constant
corflectly, and from historical reasons.
Whgn the test is carried out at a temperature other than 20 °C, the result shall, when necesgary,
be cprrected to 20 °C by multiplying the result of the'measurement by the appropriate corregtion
factTr. In case of doubt, the measurement at 20 °C'is decisive. The correction factors given in
Table 5 can be considered as average values:for metallized polyethylene naphthalate|film

capacitors.

Table 5 — Correction factor dependent on-test temperature

Temperature Correction factor

C

15 0,75
20 1,00
23 1,15
27 1,35
30 1,50
35 1,75

5.5 Shear test
5.5.1 General

See |[EC 60384-1:20082021, 7.7.

5.5.2 Final inspections

The capacitors shall be visually examined and shall meet the requirements given in Table 9 or

Table A.2.
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Substrate bending test

5.6.1 General

See

IEC 60384-1:20082021, 7.8.

5.6.2 Initial inspections

Capacitance shall be measured in accordance with 5.4.2.

5.6.3 Final inspections and requirements

The

The

Table A.2.

5.7
5.7.

See

5.7.]
The

The

5.7.
Test

-

-

capacitance shall be measured in the board bending position.

capacitance value and visual examination shall meet the requirements shown,in Table

Resistance to soldering heat
General

IEC 60384-1:20082021, 9.1 with the details of 5.7.2 to 5.7,5.

p Initial inspections

capacitance shall be measured in accordance with,6.4.2.
tangent of loss angle shall be measured in a¢¢ordance with 5.4.3.

B Test conditions
conditions are as follows:

lethod: Method 1 (solder(bath), or Method 2 (reflow), unless otherwise specifig
detail specification;

Duration: 5s+0,580r10s £ 1s, unless otherwise specified in detail specificatio

If M

to 25 mm/s.

5.7.

The|recovery-period shall be 24 h £ 2 h.

5.7.

9 or

din

n.

thod 1 is applied, . immersion and withdrawal speed shall be-25-mmis=+=2.5-mmis 20 npim/s

Recoyvery

Final inspections and requirements

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

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

The capacitance-shall-be-measured-accordingto-4-3-2 and tangent of loss angle shall meet the

requirements given in Table 9 or Table A.2.
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Solderability

5.8.1 General

See

IEC 60384-1:20082021, 9.2 with the details of 5.8.2 and 5.8.3.

5.8.2 Test conditions

The test conditions shall be specified in the detail specification. Preconditioning or ageing is
not required unless otherwise specified in the detail specification.

5.8.

The
mag

The
than
ared

5.9
5.9.

See

The

5.9.]

The

The

5.9.

The

The

The

5.9.4

J Final inspections and requirements

capacitor shall be visually examined under normal lighting and approximately
nification. There shall be no signs of damage.

areas to be soldered shall be covered with a smooth and bright solder ceating with no 1
a small number of scattered imperfections, such as pinholes or untwetted or de-wgq
s. These imperfections shall not be concentrated in one area.

Rapid change of temperature
General

IEC 60384-1:20082021, 8.1 with the details of 5.9.2, £)9.3 and 5.9.4.
capacitors shall be mounted in accordance with/5:2.

p Initial inspections

capacitance shall be measured in accordance with 5.4.2.
tangent of loss angle shall be measured in accordance with 5.4.3.

B Test conditions

test conditions are as.follows:
capacitors shall be tested for 5 cycles.
duration ef.éxposure at each temperature limit shall be 30 min.

| Final inspections and requirements

The

10x

nore
tted

capacitors shall be visually examined and shall meet the requirements given in Table

9 or

Tabl

5.10
5.10

See

The

5.10

The

e A.2.

Climatic sequence
.1 General

IEC 60384-1:20082021, 8.2 with the details of 5.10.2 to 5.10.8.
capacitors shall be mounted in accordance with 5.2.

.2 Initial inspections

capacitance shall be measured in accordance with 5.4.2.
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The tangent of loss angle shall be measured in accordance with 5.4.3.

5.10.3 Dry heat

See |IEC 60384-1:20082021, 8.2.3.

5.10.4 Damp heat, cyclic, test Db, first cycle

See |IEC 60384-1:20082021, 8.2.4.

5.10-5—Celd

See|lEC 60384-1:20082021, 8.2.5.

5.10.6 Damp heat, cyclic, test Db, remaining cycles

See|lEC 60384-1:20082021, 8.2.7 with the following detail:

Within 15 min after removal from the damp heat test, the rated voltage shall be applied for 1
at measuring point 1a) using the test circuit conditions given in 5.44.2.

5.10.7 Recovery

Thelrecovery period shall be 1 h to 2 h, unless otherwise specified in the detail specificati

5.10.8 Final inspections and requirements

Aftel recovery, the surface mount capacitors shall be visually examined and measured
meef the requirements given in Table 9 or in Fable A.2.

5.11 Damp heat, steady state

5.11.1 General

See|lEC 60384-1:20082021, 8 3;with the details of 5.11.2 to 5.11.5.

The|capacitors shall be mounted in accordance with 5.2.

5.11[.2 Initial inspections

The|capacitanee-shall be measured in accordance with 5.4.2.

The[tangent of loss angle shall be measured in accordance with 5.4.3.

5.11.3~—Test-conditions

min

bn.

and

Test conditions are as follows:

Temperature: 40 °C = 2 °C;

Relative humidity: (93 % 3) %;

Applied voltage: No voltage shall be applied;
Duration: 4,10, 21 days or 56 days.

5.11.4 Recovery

The recovery period shall be 1 hto 2 h.
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5.11.5 Final inspections and requirements

After recovery, the capacitors shall be visually examined and measured and shall meet the
requirements given in Table 9 or in Table A.2.

5.12 Endurance
5.12.1 General
See IEC 60384-1:20082021, 8.5 with the details of 5.12.2, 5.12.3 and 5.12.4.

The|capacitors shall be mounted in accordance with 5.2.

5.12.2 Initial inspections

The|capacitance shall be measured in accordance with 5.4.2.
The|tangent of loss angle shall be measured in accordance with 5.4.3.

5.12.3 Test conditions

Gradgle 1 capacitors shall be tested for 2 000 h, Grade 2 and Grade 3 capacitors for 1 000 h, as
givep in Table 6 and Table 7.

Table 6 — Endurance test conditions for Grade 1 and Grade 2 capacitors

Category -/100/- -K25/- -/155/-
Temperature 100 °C 125¢C 100 °C 155 °C 100 °Q
Voltage (DC) 1,25 Uy H25 U, 1,25 Ug 1,25 Ug 1,25 Uy

Sample part divided into 1 part 2 parts 2 parts

Table 7 — Endurance test conditions for Grade 3 capacitors

Category -/085/- -/100/- -1125/-
Temperature 85 °C 100 °C 85 °C 125 °C 85 °C
Voltage (DC) 1,25 Uy 1,25 U, 1,25 Ug 1,25 Ug 1,25 Uy

Sample part divided into 1 part 2 parts 2 parts

The|test/voltage shall be applied to each capacitor individually through a resistor, the value R
of whi€h,is equal to 0,022 / Cy (Q), where Cy is the nominal capacitance in farad and R-shfiH is

the resistance monhms and 15 to be withim 309 of the catcutated vatue witha maximum of 2~ MQ.

After the specified period, the capacitors shall be allowed to recover and shall then be
discharged across the same resistor R as defined in this subclause.

5.12.4 Final inspections and requirements

The capacitors shall be visually examined and measured and shall meet the requirements given
in Table 9 or Table A.2.
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5.13
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Charge and discharge
.1 General
IEC 60384-1:20082021, 6.11 with the details of 5.13.2 to 5.13.5.

capacitors shall be mounted in accordance with 5.2.

.2 Initial inspections

capacitance shall be measured in accordance with 5.4.2.

The

5.13

The
appf
capd
with
requ
speq

Eac
(10

sped

5.13

The

5.13

After

tangent of loss angle shall be measured in accordance with 5.4.3.

.3 Test conditions

capacitors shall be subjected to 10 000 cycles of charge and discharge at a rat
oximately one cycle per second. Each cycle shall consist of charging and discharging
citor. Each capacitor shall be individually charged with the rated veltage through a res
a value (220 x 1076) / Cn (Q), where Cy is the nominal capacitance in farad, or the v
ification), whichever resistance value is the greater.

n capacitor shall be individually discharged through a resistor with a valug
ification.

.4 Recovery

recovery shall be 1 hto 2 h.

.5 Final inspections and requirements

recovery, the capacitors shall be measured and shall meet the requirements give

Table 9 or Table A.2.

5.14.

See

5.11] Component solvent resistance (if required)
1

General

IEC 60384:1:20082021, 9.4.

5.14.2 inal inspections and requirements

e

n

See

5\5, if not specified differently in the detail specification.

5.15 Solvent resistance of marking (if-required applicable)

5.15.1 General

See

IEC 60384-1:20082021, 9.5.

5.15.2 Final inspections and requirements

The

marking shall be visually examined, and it shall be legible.

of

the
stor
alue

ired to limit the charge current to 1 A (or to the higher currfent value given in the detail

of

K 10‘6)/CN (Q), with a minimum of 20 Q, or a-lower value when stated in the detail

in
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6 Marking

6.1 General

See |IEC 60384-1:20082021, 4.3, with the following details.

6.2 Information for marking

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

a) nominal capacitance (in clear or code according to IEC 60062);

b) nated voltage (DC. voltage may be indicated by the symbol ——— (IEC 60417-503472002
Qr —__);

10)

c) tplerance on nominal capacitance;

d) g¢ategory voltage;

e) year and month (or week) of manufacture;
f) manufacturer's name or trade mark;

g) ¢limatic category;

h) manufacturer's type designation;

i) neference to the detail specification.

6.3 | Marking on capacitors

Marking on capacitors is made when necessaty.
Any[marking shall be legible and not easily smeared or removed by rubbing with the finger.

6.4 | Marking on packaging

The| packaging containing thecapacitor(s)—sheuld shall be clearly marked with all| the
infomation listed in 6.2 as hecessary.

7 Information to'be given in a detail specification

7.1 General

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

Detail\specifications shall not specify requirements inferior to those of the generic, sectiongl or
blank detail specification. When more severe requirements are included, they shall be listed in
Clause 5 of the detail specification and indicated in the test schedules, for example by an
asterisk.

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

The information outlined in 7.2 to 7.5 shall be given in each detail specification and the values
quoted-shall-preferably should be selected from those given in the appropriate clause of this
sectional specification.

7.2 Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easy recognition and for comparison
of the capacitor with others. Dimensions and their associated tolerances, which affect inter-
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changeability and mounting, shall be given in the detail specification. All dimensions-shalt
preferably should be stated in millimetres; however, when the original dimensions are given in
inches, the converted metric dimensions in millimetres shall be added.

The numerical values of the body shall be given as follows:
— width, length and height.
The numerical values of the terminals shall be given as follows:

— width, length and spacing.

Whin necessary, for example when a number of items (sizes and capacitance/voltage ranges)
is covered by a detail specification, the dimensions and their associated tolerances shall be
placed in a table below the drawing.

Whgn the configuration is other than described above, the detail specification |shall state such
dimgnsional information as will adequately describe the capacitor.

7.3 | Mounting

The|detail specification shall give guidance on methods of mounting for normal use. Mounting
for test and measurement purposes (when required) shall be jinsaccordance with 5.2.

7.4 | Ratings and characteristics
7.4. General

The|ratings and characteristics shall be in acgordance with the relevant clauses of|this
docyment, together with the content of 7.4.2, 7#,.4.3 and 7.4.4.

7.4.2 Nominal capacitance range

Seel4.2.1.

Whegn products approved to thé_detail specification have different nominal capacitance ranges,
the following statement shoujd be added: "The nominal capacitance range available in ¢ach
voltage range is given on the IEC online service, www.iecq.org/certificates."

7.4.3 Particularcharacteristics

Add{tional chanacteristics may be listed, when they are considered necessary to specify
adequately thercomponent for design and application purposes.

7.4. Soldering

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

7.5 Marking

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

8.1 Primary stage of manufacture

The primary stage of manufacture is the winding of the capacitor element or the equivalent
operation.

8.2  Structurally similar components

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

8.3 Certified test records of released lots

The|information required in IEC 60384-1:20082021, Q.1.5 shall be made~available when
preseribed stated in the detail specification and when requested by a purchaser. After the
endyirance test, the required parameters are the capacitance change, tan g-and the insulation
resigtance.

8.4 | Qualification approval procedures
8.4. General

The|procedures for qualification approval testing are given in IEC 60384-1:20082021, Clause
Q.2.

Thelschedule to be used for qualification approvaliesting on the basis of lot-by-lot and periodic
tests is given in Annex A. The procedure using afixed sample size schedule is given in 8.4.2.

8.4.2 Qualification approval on the basis of the fixed sample size procedure
8.4.2.1 Sampling

The|fixed sample size procedure. is described in IEC 60384-1:20082021, Q.2.4. The sample
shal] be representative of thesrange of capacitors for which approval is sought. The sample may
be the whole or part of the range given in the detail specification.

The|sample shall consist of four specimens having the maximum and minimum rated voltages,
and [for these voltages the maximum and minimum capacitances. When there are more than
four|rated voltages; an intermediate voltage shall also be tested. Thus, for the approval |of a
rande, testingds-fequired for either four or six values (capacitance/voltage combinations). When
the range consists of fewer than four values, the number of specimens to be tested shall be
that|required for four values.

S H Hiaal £oll :
pa C oMU UINTITTIo Al PJUTTITTITU do TUTTUW O.

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

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

When additional groups are introduced into the qualification approval test schedule, the number
of specimens required for Group 0 shall be increased by the same number as that required for
the additional groups.
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Table 8 gives the number of samples to be tested for each group with the permissible number
of non-conforming items for qualification approval tests.

8.4.2.2 Tests

The complete series of tests specified in Table 8 and Table 9 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
groyps

Nontconforming specimens found during the tests of Group 0 shall not be used forthe dther
groups.

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

Table 8 and Table 9 together form the fixed sample size test schedule” for the qualification
appfoval on the basis of the fixed sample size procedure.

Table 8 gives the number of the samples and permissible nonfconforming items for each|test
and ftest group.

Table 9 gives a summary of the test conditions and performance requirements, and choicgs of
the {est conditions and performance requirements in the*detail specification.

Thetest conditions and performance requirements'for the qualification approval on the bastlis of
the fixed sample size-procedure should be identical to those for quality conformance inspecfions
giveph in the detail specification.
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Table 8 — Test and sampling plan for qualification approval
Assessment level EZ

Group Test Subclause Number of Permissible
No. of this specimens number of
document non-
conforming
items
n c
0 Visual examination 5.3

Dimensions 5.3

Capacitance 5.4.2 144 0

Tangent of loss angle 5.4.3

Voltage proof 5.4.1

Insulation resistance 5.4.4

Spare specimens 12

A Resistance to soldering heat 5.7 12 0

Component solvent resistance® 5.14

B Solderability 5.8 12 0
Solvent resistance of the marking® 5.15
y Substrate bending test (formerly bond 5.6 12 0

strength of the end face plating)

Mounting 5.2 108 0o¢
Ceeeelenen —_— e e
e e —_—

Shear test 5.5

3.1 Rapid change of temperature 5.9 24 0
Climatic sequence 5.10
3.2 Damp heat, steady state 5.11 24 0
3.3 Endurance 5.12 36 0
3.4 Chargg and discharge 5.13 24 0
4 Capacitancelvoltage combinations, see 8.4.2.
8 If required by the detail specification.
9 Specimens found defective after mounting shall not be taken into account when calculating the
permissible non-conforming items for the following tests. They shall be replaced by spare parts.
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Table 9 — Test schedule for qualification approval

SubslonospummEer b Conditions-of test®> and Ferermares
and-test® inspection-items or measurements specimens-{n)-and requirements?®
coptesmine e
b
Group0 ND
Group-1A D
— e
Capacitance
Capacitance lacrel <3 % forlaradet
and—— Grade 2
B
of the value measfired-in
462
—|—resistance © ©
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Subclause number b Conditions-of test* and Number of Performance
and-test®-inspection-items or measurements specimens-(n)-and requirements?
number-of
conforming-items
b te)
Group-1B D SeeTable2
Misiial examination
4441 Solventresistance-of Asin4-14 Legible-marking
————the-marking “ © M A 44
Group-2 D SeeTable2
4.5 1 Substrate bending-test SeeEC60384-1:2008.4.35
Capacitance
Einali . As ind.2.2 No-visible-damags
Capasitance As-in4.3.2.2 lagic|l <29% fof Grade 1
and——Grade 2
— <5 % fot Grade 3
of the value measfired-in4.5.2.
Group-3 D SeeTable2
4-4——Mounting Substrate material: ¢
Capacitance Asin432.2 lacicl—<2 % offvalue
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Solbelooos papmbos b Conditions-of test® and Performance
and-test®-inspection-items or measurements specimens-(n)-and requirements?
conforming items
b A
Group-3-1 b
4.8 Rapid change of
I =1aowgrcatgaan; tamngratiirg
.Y Ty i
Tg=Upper-category-temperature
2 I )
Capacitance As-in-4.8.2
Tangent of loss-angle
- . A 1320 S . ifical:
T ¢ A Y : . fical
. Climati
9.2 L .
Capacitance Asin4.9.2
e e e ne s
B St
Temperature: upper category
Lo e
—— 1 Test Db, firstcycle
Temperature: lower category
T
TestDb. ¢
——=eyeles
A e ee Pt
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Subclause number b Conditions-of test®-and Performance
and-test® inspection-items measurements coschmeps b ans requirements®
’ or
ND L.
penfnlss_llale_nsn
b
) N As i 422 -
\o .’SSEQE. age
e O
<5-Y—ter{Crade
3
of the value-measfired-in
4.9.2
Tangent of loss-angle:
at10-kHzfor € <1uF Asin4-334 lptrease-oftano:
<0.002 5-for Gradg-1
B e
R e
atd-kHzfor €, >44F Asin4.3-3.2 <0003 for Grade}
B e
R e
Cpode 2
s e
Group-3.2 b
—
e e e ne s
B (i)
<10-% fof
Grade-3
of the valjues
measuref-in
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Solbelooos papmbos b Conditions-of test®> and Ferfommanes
and-test® inspection-items measurements specimens-(n) requirements’
’ or and-numberof
conforming-items
b
at-tkHz
SLUDE et e e
<0,007 for Grade 3
compared to values measured-in
4.10.2
—tsutatiorrresistarce STTE32 ————————— =
Condosband e g
Grade 3
Group-3.3 b
Capacitance
e e ns s
Visual-examination
<8 Y%for Grpde 2 and
—Grade 3 of fhe values
s e er e asls e
e=1twF B
B
B
compared to values fpeasured-in
atd-kHzfor €, >44F Lol <0002 for Grade 1
B
e
R
4.11.2
G 1 G p
Grade 3
Group-3.4 b
. .
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Subclause number b Conditions-of-test®-and Number-of Performance
and-test®-inspection-items or measurements specimens—(n)-and requirements?
conforming-items
b te)

- . ——————<8Y%forGrade 2
<10-%for-Grade-3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 0 ND See Table 8
5.3 Visual examination As in 5.3.2 As in 5.3.3
5.3 Dimensions (detail) See detail specification
5.4.2 Capacitance As in5.4.2.2 Within specified tolerance
5.4. Fangentoftossangte
at 1 kHz and 10 kHz for As in 5.4.3.2 and 5.4.3.4 As in 5.4.3.3; 10 @see
Cys1uF detail specifica@.
at 1 kHz for C > 1 uF As in 5.4.3.2 As in 5.4.36{;5
5.4. Voltage proof Asin 5.4.1.2 and 5.4.1.3 As in 541474
5.4.4 Insulation resistance As in 5.4.4.2 Asf .4.4.3
—
Gropp 1A D See Table 8 qb
5.7 Resistance to soldering As in 5.7.3 Q(b
heat @
5.7.2 Initial inspections f Q/C)
Capacitance As in 5.4.2.2 ;\\
Tangent of loss angle </< O
at 10 kHz for Cy < 1 uF As in 5.4.3.4 QC
at 1 kHz for C, > 1 pF As in 5.4.3.2 \§\
5.7.4 Recovery Asin 5.7.4 Qj\
5.14  Component solvent "As in 5.14\\9 As in 5.14
resistance ©© Method @
5.7.5  Final inspections A\Q
Visual examination &0{1 5.7.5 As in 5.7.5
Capacitance . (\)IT | AC/C| < 3 % for Gradg 1
AN and Grade 2
N <5 % for Grade|3
° of the value
@ measured in 5.7|.2
Tangent of lo le
at 10 kHz@c <1uF As in 5.4.3.4 Increase of tan ¢:
Q~ < 0,005 for Grade 1
O and Grade 2
é < 0,007 for Grade 3
C) compared to values
Q/ measured in 5.7,.2
\ut HeHzfor-eg>Hrh Ao See—geteH-Speeitesten
Group 1B D See Table 8
5.8 Solderability As in 5.8.2
5.8.3 Final inspections
Visual examination As in 5.8.3 As in 5.8.3
5.15  Solvent resistance of As in 5.15 Legible marking
the marking © ¢ Method 1 As in 5.15
5.15.2 Final inspections

Visual examination
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 2 D See Table 8
5.6 Substrate bending test See IEC 60384-1:2021,
7.8

5.6.2 Initial inspections

Capacitance As in 5.4.2.2
5.6.p Final inspections A
Visual examination As in 5.3.2 No visible dam \/
Capacitance Asin 5.4.2.2 |Acic| s Z@r Gradq 1
a ade 2
% for Grade|3
the value
measured in 5.6[2
Grolp 3 D See Table 8 qbb‘
5.2 Mounting Substrate material: .9 %Q(b
5.2. Initial inspections

Capacitance From Group 0 \Q/C)
S
v

Tangent of loss angle

at 1 kHz and 10 kHz As in 5.4.3.2 and 5.4.3.@(
for Cy< 1 uF \Q
at 1 kHz for C> 1 yF As in 5.4.3.2 s\S
5.2.8 Final inspections \(\Q)
Visual examination As in 5.3@ See detail specification
Capacitance As i@ 2.2 | ACIC| < 2 % of the value
O measured in 5.4{2
Tangent of loss angle \l:\'
at 1 kHz and 10 kHz for ,\\C) Asin 5.4.3.2 and 5.4.3.4 As in 5.4.3.3; for 10 kHE,
Cys1uF . N see detail specification
at 1 kHz for C, > 1@\ | As in 5.4.3.2 As in 5.4.3.3
C) Both capacitance and
@’ tangent of loss angle
values are used as initipl

inspection values for

éo subgroups 3.1, 3.2, 3.3
O

and 3.4

\ sulation resistance Asin5.4.4.2 Asin5.4.4.3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.1 D See Table 8
5.5 Shear test As in 5.5
5.5.2 Final inspections
Visual examination As in 5.3.2 No visible damage
5.9 Raprd—ctramgeof ASTT 5973
temperature
T, = Lower category
temperature
Ty = Upper category
temperature
5.9.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
at 1 kHz
5.9.4 Final inspections
Visual examination As in 5.3.2 No visible damage
Capacitance As in 5.4.2.2 See detail specification
Tangent of loss angle As in 5.4.3.2 See detail specification
at 1 kHz
5.10 Climatic sequence
5.1Q.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C < 1 uF From$.2.3
at 1 kHz for C > 1 uF Erom 5.2.3
5.10.3 Dry heat As in 5.10.3
Temperature: upper
category temperature
Duration: 16 h
5.10.4 Damp heat,yctic, As in 5.10.4
Test Db, fifsticycle
5.10.5 Cold As in 5.10.5
Temperature: lower
category temperature
Duration: 2 h
5.10.6 Damp heat, cyclic, As in 5.10.6
Test Db, remaining
cycles
5.10.7 Recovery As in 5.10.7
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Subclause number

Conditions of test® and

Number of

Performance

and test?, inspection measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
5.10.8 Final inspections
Visual examination As in 5.3.2 No visible damage
Legible marking
Capacitance Asin5.4.2.2 | ACIC| < 3 % for Grade 1
and Grade 2
<85 9% for Grade 3
of the value\;2
measured t{/ .3
Tangent of loss angle: er
at 10 kHz for C < 1 uF As in 5.4.3.4 Increase of tan J:
2 5 for
‘Grade1
({/& 0,004 for Grade 2
b‘/ < 0,007 for Grade 3
qb compared to values
(b measured in 5.2/ 3
at 1 kHz for Cy> 1 uF As in 5.4.3.2 bg < 0,003 for Grade 1
C) < 0,005 for Grade 2
Q/ < 0,007 for Grade 3
S\\ compared to values
measured in 5.2[3
4 O
Insulation resistance Asin 5.4.4.2 ( > 50 % of valueg in
C 5.4.4.3 for Gradp 1
Q and Grade 2
\\ 225 % of values|in
G\Q 5.4.4.3 for Gradp 3
Grolip 3.2 D \\g\w See Table 8
5.11 Damp heat, As in 5.@
steady state .\@
5.11.2 Initial inspections A
Capacitance \l %m 5.2.3
Tangent of loss angle ,.‘\\C)
at 1 kHz . N From 5.2.3
5.11.4 Recovery <)® As in 5.11.4
5.11.5 Final mspectl
Visual exa@éhon Asin 5.4.2 No visible damage
Capa Asin 5.4.2.2 | AC/C| < 7 % for Gradg 1
and Grade 2
C}Q; <10 % for Gradp 3
Q/ compared to values
measured in 5.2[3
Tangent of loss angle D Increase of tan J:
at 1 kHz As in 5.4.3.2 < 0,005 for Grade 1
and Grade 2
<0,007 for Grade 3
compared to values
measured in 5.2.3
Insulation resistance Asin 5.4.4.2 > 50 % of values in

5.4.4.3 for Grade 1
and Grade 2

> 25 % of values in
5.4.4.3 for Grade 3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.3 D See Table 8
5.12 Endurance As in 5.12.3
5.12.2 Initial inspections
Capacitance From 5.2.3
drgerit 01 10ss digice
at 10 kHz for C < 1 pF From 5.2.3
at 1 kHz for C > 1 uF From 5.2.3
5.13.4 Final inspections
Visual examination As in 5.3.2 No visible¢ damage
Ledible’ marking
Capacitance As in5.4.2.2 |AC/C| <5 % for Gradd 1
< 8 % for Grade|2
and Grade 3
compared to valpes
measured in 5.2(3
Tangent of loss angle: Increase of tan o:
at 10 kHz for C < 1 uF As in 5.4.3.4 < 0,003 for Grade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to valpes
measured in 5.2[3
at 1 kHz for C > 1 uF As in 5.4.3.2 < 0,002 for Grade 1
< 0,003 for Grade 2
< 0,005 for Grade 3
compared to values
measured in 5.2[3
Insulation resistance As~in 5.4.4.2 = 50 % of valueg in

5.4.4.3 for Gradp 1
and Grade 2
> 25 % of valueg in
5.4.4.3 for Gradg 3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.4 D See Table 8
5.13 Charge and discharge As in 5.13.3
5.13.2 Initial inspections
Capacitance From 5.2.3
drgerit 01 10ss digice
at 10 kHz for Cy < 1 pF From 5.2.3 é
at 1 kHz for C > 1 uF From 5.2.3 (be
5.13.4 Recovery Asin 5.13.4 Qq/
5.13.5 Final inspections (5(1/
Capacitance Asin5.4.2.2 &fﬁlﬂ < 5 % for Gradq 1
qb < 8 % for Grade|2
(b <10 % for Gradp 3
Q compared to valpes
@ measured in 5.2|3
Tangent of loss angle: Q/C) Increase of tan J:
at 10 kHz for Cy = 1 uF As in 5.4.3.4 5\\ < 0,003 for Grade 1
, O < 0,005 for Grade 2
<.< < 0,007 for Grade 3
C compared to values
Q measured in 5.2[3
. NS
at 1 kHz for ¢ > 1 pF As in 5.4.3.2 G\\}' < 0,002 for Grade 1
< 0,003 for Grade 2
%] < 0,005 for Grade 3
N\
B\ compared to values
$ measured in 5.2[3
Insulation resistance As i@ 4.2 > 50 % of valueg in
o 5.4.4.3 for Gradp 1
L\ and Grade 2
N~ > 25 % of valueg in
RS 5.4.4.3 for Gradp 3
2  $ubclause numbers of test.an\d)performance requirements refer to Clause 5.
b n this table: D = des e, ND = non-destructive.
¢ This test may be c@ed out on surface mount capacitors mounted on a substrate.
d  When differe étrate materials are used for the individual groups 3.1 to 3.4, the detail specification shpuld

indicate whi

€ frequi%

bstrate material is used in the groups 3.1 to 3.4.

f Sr\@ measurement values can be used as the initial measurement values
\V
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Annex A
(normative)

Quality conformance inspection

Formation of inspection lots

1 Groups A and B inspection

p B tests are destructive.

anufacturer may aggregate the current production into inspection lots subject to
wing safeguards:
'he inspection lot shall consist of structurally similar capacitors (see 8:2);

[he sample tested shall be representative of the values and dimensions contained in
nspection lot:

) in relation to their number;

amples shall be agreed between the manufacturer,and the certification body (CB).

se tests shall be carried out on a periodic basis.

ples shall be representative of the current production of the specified periods and sha
ed into small, medium and large sizes. In order to cover the range of approvals in
bd, one voltage shall be tested from-each group of sizes. In subsequent periods, other g

and

the

the

Il be
any
izes

or voltage ratings in production-shall be tested with the aim of covering the whole range.

bn in

shall

Ip B

A.2| Test schedule

Thelschedule for the letzby-lot and periodic tests for quality conformance inspection is givg
the-blank-detail-specification Table A.1 and Table A.2.

A.3| Delayed delivery

Whgn according to the procedures of IEC 60384-1:20082021, Q.1.7, re-inspection-has-to

be nmpade, solderability and capacitance shall be checked as specified in Group A and Gro
inspections.

A.4 Assessment levels

The

assessment level EZ is stated in Table A.1 and Table A.2.
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Table A.1 — Lot-by-lot inspection



https://iecnorm.com/api/?name=dcbe4889ff0054b000637ffd2913c456

IEC 60384-23:2023 RLV © IEC 2023 -39 -
Subclause number Conditions of test a D ILP nO|cO Performance
and test O or requirements O
ND b
Subgroup A0
ND
5.4.2 Capacitance Asin5.4.2.2 100 % © Within specified tolerance
5.4.3 Tangent of loss angle |Asin 5.4.3.2 As in 5.4.3.3
5.4.1 Voltage proof (test A) |Asin 5.4.1.2 and 5.4.1.3 Asin5.4.1.4
5.4.4 Insulation resistance As in 5.4.4.2 As in 5.4.4.3
[ tFestAy
SubJ;roup A1
5.3 | Visual examination As in 5.3.2 ND |S-3 d 0 As in 5.3.3
Legible magking (if
applicablg)amd as spedified
in 6.2 of this specificatipn
Subgroup A2 ND |S-3 d 0
5.3 | Dimensions Ascspecified in the detal
specification
Subgroup B1
D S-3 d
5.8 | Solderability As in 5.8.2 0
5.8.3 Final measurements Visual examination As in 5.8.3
Subgroup B2 D Sr3 d 0
5.15] Solvent resistance of |[Asin 5.15 Legible marking
the marking (if Method 1
applicable)

O
[ds)

onforming items

Q

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

= destructive, ND = non-destructive, IL = jgspection level, n

ubclause numbers of test and performance requixements refer to Clause 5.

= sample size, ¢ = permissible number of [non-

he content of detail specifications cad deviate and introduce other tests or severities.

¢ :|he inspection shall be performed™after removal of non-conforming items by 100 % testing during
n
W

the

anufacturing process. The sampling level shall be established by the manufacturer, preferably in accordpnce
ith IEC 61193-2:2007, AnneX_A.

hether the lot was accepted or not, all samples for sampling inspection shall be inspected in order to mdnitor
utgoing quality levely, non-conforming items per million (x1076).

case one or more_non-conforming items occur in a sample, this lot shall be rejected but all non-conforming
ifems shall be golinted for the calculation of quality level values.

Qutgoing quality level by non-conforming items per million (x1078) values shall be calculated by accumulpting
spectiondata in accordance with the method given in IEC 61193-2:2007, 6.2.
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Table A.2 — Periodic-tests inspection

N

b

%

[\
»

® (W [®[® | W] W

Olle ||| |®

b .
Subclause number and test ? | Conditions of test 2 and 2r Sair:cpclgpilaznecznd Performance
inspection items measurements ND criterion b requirements
" c
Subgroup C1 D 3 12 0
5.7 Resistance to soldering |As in 5.7.3
heat
5.7.3 Initial measurements
Capacitance As in 5.4.2.2
Tangent of loss angle
at 10 kHz for C < 1 uF [Asin 5.4.3.4
at 1 kHz for C, > 1 pF [Asin 5.4.3.2
5.7. Test conditions As in 5.7¢8
5.7.4 Recovery As inb.774
5.14 Component solvent AsNR/5.14 As in 5.14
resistance ©© Method 2
5.7.9 Final measurements
Visual examinatigh As in 5.7.5 As in 5.7.5
Capacitance Asin 5.4.2.2 | Acic| < 3 % for Gradg 1
and Grade 2
<5 % for Grad¢g 3
of the value
measured in 5.71.2
Tangent of loss angle Increase of tan o:
ar'10 kHz for C = 1 pF |Asin 5.4.3.4 <0,005 for Grade 1
dlld Grdde £
<0,007 for Grade 3
compared to values
measured in 5.7.2
at 1 kHz for C\; > 1 pF [Asin 5.4.3.2 See detail specification
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b .
Subclause number and test 2 | Conditions of test ? and [c:r Sa?cpcl:pilaznecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C2 D 3 12 0
5.6 Substrate bending test | See IEC 60384-1:2021,
7.8
5.6.2 Initial inspections
Capacitance As in5.4.2.2
5.6.3 Final Inspections
Visual examination ASn 5.3.2 NO visSible damage
Capacitance Asin 5.4.2.2 | ACIC| < 2 % for Gradg 1
and Gradg. 2
< 5 %~or\Gradg 3
of the value
meastred in 5.4.2
Subgroup C3
5.2 Mounting Substrate material:
See detail specification ¢
5.2. Initial inspections
Capacitance As in 5.4.2.2
Tangent of loss angle
at 1 kHz and 10 kHz for [As in 5.4.3.2 and 5.4.3.4 As in 5.4.3.3; 10 kHz, gee
Cys1puF detail specification
at 1 kHz for Cy > 1 uF |Asin 5.4.3.2 As in 5.4.3.3
5.2. After mounting
inspections:
Visual examination As in 5.3.2 See detail specificatior]
Capacitance As in 5.4.2.2 |AC/C| < 2 % of the vajue
measured in 5.2.1
Tangent of loss angle
at 1 kHz and 10 kHz As in 5.4,3.2%and 5.4.3.4 As in 5.4.3.3; 10 kHz, 4ee
for C =1 uF detail specification
at 1 kHz for Cy > 1 uF | Asifi5.4.3.2 As in 5.4.3.3
Both capacitance and
tangent of loss angle
values are used as initjal
inspection values for
subgroups 3.1, 3.2, 3.3
and 3.4
Insulatieffresistance As in 5.4.4.2 As in 5.4.4.3
Subgroup €31 D 6 27 0
5.5 Shear test As in 5.5
Visible examination Asinh 32 No visible damage
5.9 Rapid change of As in 5.9.3
temperature
T, = Lower category
temperature
Ty = Upper category
temperature
5.9.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
5.9.4 Final inspections
Visual examination As in 5.3.2 No visible damage
Capacitance As in 5.4.2.2 See detail specification
Tangent of loss angle As in 5.4.3.2 See detail specification
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b .
Subclause number and test 2 | Conditions of test ? and [c:r Sa?cpcl:pilaznecznd Performance
inspection items measurements ND criterion b requirements
p n c
5.10 Climatic sequence
5.10.2 |Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C <1 pF |From 5.2.3
at 1 kHz for C, > 1 yF  [From 5.2.3
5.10}3 Dry heat As in 5.10.3
Temperature: upper
category temperature
Duration: 16 h
5.10}4 Damp heat, cyclic, As in 5.10.4
Test Db, first cycle
5.10}5 Cold As in 5.10.5
5.10}6 Damp heat, cyclic, As in 5.10.6
Test Db, remaining
cycles
5.10}7 Recovery As in 5.10.7
5.10}8 Final inspections
Visual examination As in 5.3.2 No visible damage
Legible marking
Capacitance Asin 5.4.2.2 | AciC| < 3 % for Gradg 1
and Grade 2
<5 % for Grade[3
of the value
measured in 5.4.3
Tangent of loss angle Increase of tan o:
at 10 kHz for Cys 1 uF [Asin5.4.3.4 < 0,002 5 for
Grade 1
< 0,004 for Grage2
< 0,007 for Grage 3
compared to values
measured in 5.4.3
at 1 kHz for C, > 1 pF  [AsNh 5.4.3.2 < 0,003 for Grage 1
< 0,005 for Gragle 2
< 0,007 for Grage 3
compared to values
measured in 5.4.3
Insulation registance As in 5.4.4.2 2 50 % of valuep
in 5.4.4.3 for
Grade 1 and
Grade 2
> 25 % of valuep in
5.4.4.3 for Grade 3
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Tangent of loss angle:

b .
Subclause number and test 2 | Conditions of test ? and [c:r Sa?cpcl:pilaznecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C3.2 D 6 15 0
5.11 Damp heat, As in 5.11.3
steady state
5.11.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
5.11[F Recovery ASTh o.1T.4
5.11}5 Final inspections As in 5.11.5
Visual examination Asin 5.4.2 No visible damage
Capacitance Asin 5.4.2.2 | ACIC| < 7% Jor Gradg 1
afd\Grade 2
<110 % for Grade 3
compared to values
measured in 5.4.3
Tangent of loss angle lnerease of tan J:
at 1 kHz As in 5.4.3.2 < 0,005 for Gradle 1
and Grade 2
< 0,007 for Grage 3
compared to values
measured in 5.4.3
Insulation resistance As in 5.4.4.2 2 50 % of valuep
in 5.4.4.3 for
Grade 1
and Grade 2
> 25 % of valuep in
5.4.4.3 for Grade 3
Subgroup C3.3 D 3 15 0
5.12 Endurance As in 5.12.3
5.12}2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C = 1 pF [From5:2.3
at 1 kHz for C\, > 1 yF  [From 5.2.3
5.12}4 Final inspections As in 5.12.4
Visual examinatigns As in 5.3.2 No visible damage
Legible marking
Capacitance Asin5.4.2.2 | ACIC| < 5 % for Gradg¢ 1

Increase of tan ¢:

< 8 % for Gradg 2
and Grade 3
compared to values
measured in 5.4.3

dl 1U RTTZ TUT L,N - ‘I M

at 1 kHz for C, > 1 pF

Insulation resistance

ASTT 5437

Asin 5.4.3.2

As in 5.4.4.2

= 066SforSrade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.2.3

< 0,002 for Grade 1
< 0,003 for Grade 2
< 0,005 for Grade 3
compared to values
measured in 5.2.3

> 50 % of values in
5.4.4.3 for Grade 1
and Grade 2

> 25 % of values in
5.4.4.3 for Grade 3
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b .
Subclause number and test 2 | Conditions of test 2 and [c:r Sa?cpcl:pilaznecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C3.4 D 6 9 0
5.13  Charge and discharge [Asin 5.13.3
5.13.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C < 1 pF [From 5.2.3
at 1 kHz for Cy > 1 yF  |From 5.2.3
5.13}4 Recovery As in 5.13.4
5.13}5 Final inspections As in 5.13.5
Capacitance Asin 5.4.2.2 | ACIC| <(B\% for Gradg¢ 1
<18% for Gradg 2
<10 % for Grade 3
compared to values
measured in 5.4.3
Tangent of loss angle Increase of tan 4:
at 10 kHz for C < 1yF [Asin 5.4.3.4 < 0,003 for Gradle 1
< 0,005 for Gragle 2
< 0,007 Grade 3
compared to values
measured in 5.4.3
at 1 kHz for C > 1uF As in 5.4.3.2 < 0,002 for Grage 1
< 0,003 for Gragle 2
< 0,005 Grade 3
compared to values
measured in 5.4.3
Insulation resistance As in5.4.4.2 > 50 % of valuep in
5.4.4.3 for Grade 1
and Grade 2
> 25 % of valuep in
5.4.4.3 for Grade 3

a8 Qubclause numbers of test and performiance requirements refer to Clause 5.

b |h this table: D = destructive, ND =Men-destructive, n = sample size, ¢ = permissible number of non-conforfning
ifems

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

d Vhen different substrate Yhaterials are used for the individual groups 3.1 to 3.4, the detail specification sHould
indicate which substrate material is used in the groups 3.1 to 3.4.

€ If required.
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Annex X
(informative)

Cross-references to the previous edition of this document

The revision of this document has resulted in a new structure. Table X.1 provides cross-
references to specific elements of the previous edition of this document.

Table X.1 — Cross-reference

IEC 60384-23:2015 IEC 60384-23:20xx
(Edition 3.0) (Edition 4.0) Notes
Clause/subclause Clause/subclause
1 - This is covered by Clauses 1, 2,3, 8, 7
1.1 1 The prior scope and object aré meérged into
1.2 Clause 1
1.3 2 -
1.4 7 -
1.4.1 71 -
1.4.2 7.2 -
1.4.3 7.3 -
1.4.4 7.4 -
1.4.4.1 7.4.1 -
1.4.4.2 7.4.2 -
1.443 7.4.3 <
1.4.4.4 7.4.4 -
1.4.5 7.5 -
1.5 3 -
1.51 3.1 -
1.5.2 3.2 -
1.6 6 -
1.6.1 oA -
1.6.2 6.2 -
1.6.3 6.3 -
1.6.4 6.4 -
2 4 Clause 2 is transferred to become Clause 4
Otherwise numbering kept unchanged
3.1-34 8.1- 8.4
3.5 Annex A
4 5 Clause 4 is transferred to become Clause 5,
- 5.1 New
4.1 =414 52-515 -
- 5.2.1,5.2.2and 5.2.3 New
- 5.5.1 and 5.5.2 New
- 5.14.1 and 5.14.2 New
Table 1 Table 1 -
Table 2 Table 8 -
Table 3 Table9 -
Table 4 Table A1 -
Table 5 Table A2 -
Table 6 Table 2 -
Table 7 Table 3 -
Table 8 Table 4 -
Table 9 Table 5 -
Table 10 Table 6 -
Table 11 Table 7 -
Bibliography Bibliography
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 23: Sectional specification —
Fixed metallized polyethylene naphthalate film

— dielectric surface mount DC capacitors
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 promote interna
-operation on all questions concerning standardization in the electrical and electronic-ields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
ublicly Available Specifications (PAS) and Guides (hereafter referred to as %“ECYPublication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with‘the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreement'between the two organizatig

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

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are.made to ensure that the technical content o
Lblications 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
Bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bet
hy IEC Publication and the corresponding nation@l or regional publication shall be clearly indicated in the |

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

| users should ensure that they haye‘the latest edition of this publication.

p liability shall attach to IEC orlits 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 out of ‘the’ publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

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

tention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of p

60384-23 has been prepared by IEC technical committee 40: Capacitors and resistor
frofnit equipment. It is an International Standard.
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This third edition cancels and replaces the second edition published in 2015. This edition
constitutes a technical revision.

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

editi

on:

a) this edition includes the following significant technical changes with respect to the previous
edition: revision of all parts of the document based on the ISO/IEC Directives, Part 2:2021,
and harmonization with other similar kinds of documents;

b) the document structure has been organized to follow new sectional specification structure
decided in TC 40;

c) revised tables and Clause 5 so as to prevent duplications and contradictions;
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d) in Subclause 5.2 (Mounting), the Subclauses 5.2.1, 5.2.2 and 5.2.3 have been added;
e) in Subclause 5.5 (Shear test), the Subclauses 5.5.1 and 5.5.2 have been added;

f) in Subclause 5.14 (Component solvent resistance), the Subclauses 5.14.1 and 5.14.2 have
been added. In Table 8 and Table A.2, test 5.14 has been moved before 5.7.5 (Final
inspections and requirements) in Group 1A and in Subgroup C1;

g) In Subclause 5.15 (Solvent resistance of marking), the Subclauses 5.15.1 and 5.15.2 have
been added;

h) tangent of loss angle measurement has been added to the resistance to soldering heat test;

i) lot-by-lot and periodical inspection tables including requirements have been moved to
Annex A;

j) revised Inspection Level (IL) of A1 subgroup.

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

Draft Report on voting

40/2983/FDIS 40/3019/RVD

Fulllinformation on the voting for its approval can be found in the\report on voting indicated in
the above table.

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

Thellist of all parts of the IEC 60384 series, under dhe“general title Fixed capacitors for uge in
elecfronic equipment, can be found on the IEC web, site.

This| document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in
accqrdance with ISO/IEC Directives, Part 4 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdoes® The main document types developed by IEC| are
desgribed in greater detail at www.iec\ch/publications.

The|committee has decided thatithe contents of this document will remain unchanged unti| the
stabjlity date indicated on the TEC website under webstore.iec.ch in the data related tqg the
spegific document. At this.date, the document will be
e reconfirmed,

e withdrawn,

e replaced bylarevised edition, or

e 3amended:
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -
Part 23: Sectional specification —

Fixed metallized polyethylene naphthalate film
dielectric surface mount DC capacitors

1 Seepe

This| part of IEC 60384 is applicable to fixed surface mount capacitors for direct current, jwith
metallized electrodes and polyethylene naphthalate dielectric for use in electroni¢*equipment.
TheFe capacitors have metallized connecting pads or soldering strips and are-intended tp be
moulnted directly onto printed boards or onto substrates for hybrid circuits. These capacjtors
can have "self-healing properties" depending on conditions of use. They are’ptimarily intended
for gpplications where the AC component is small with respect to the ratedWoltage.

This| part of IEC 60384 specifies preferred ratings and characteristics, selects from
IEC 60384-1:2021 the appropriate quality assessment procedures, tests and measudring
methods and gives general performance requirements for this/type of capacitor. Test sevelfities
and [requirements specified in detail specifications referring“to”this sectional specification are
of ap equal or higher performance level. Lower performance levels are not permitted.

Cappcitors for electromagnetic interference suppreSsion are not included, but are coverefd by
IEC[60384-14.

2 Normative references

Theffollowing documents are referred.toin the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited app|lies.
For |undated references, the .latest edition of the referenced document (including [any
amejndments) applies.

IEC 60062, Marking codes for resistors and capacitors
IEC 60063, Preferred number series for resistors and capacitors
IEC 60068-1:2013, Environmental testing — Part 1. General and guidance

IEC60384-1:2021, Fixed capacitors for use in electronic equipment — Part 1: Generic
spegificdtion

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

ISO 3, Preferred numbers — Series of preferred numbers


https://iecnorm.com/api/?name=dcbe4889ff0054b000637ffd2913c456

-8 - IEC 60384-23:2023 © |IEC 2023

3 Terms and definitions

For

the purposes of this document, the terms and definitions of IEC 60384-1:2021,and

following apply.

the

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

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

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

3.1

grag
<lon
parg

3.2
grag

e 1 capacitors

meters

e 2 capacitors

<gemneral purpose> capacitors for general applications for which the stringent requirement

grad

3.3
grac
<low
and

4

4.1

The

The
accd

The
shal

Low

Upp
Dur{

Atc

e 1 capacitors are not necessary

e 3 capacitors
temperature, miniature type> miniature type capacitofs'having a rated temperature of §
for which less stringent requirements than for grad&.2 capacitors are acceptable

Preferred ratings and characteristics

Preferred climatic categories

values given in detail specifications’should be selected from the following.

surface mount capacitors cavered by this document are classified into climatic categq
rding to the general rules.given in IEC 60068-1:2013, Annex A.

lower and upper category temperature and the duration of the damp heat, steady-state
be chosen from¢the following:

br category témperature: -55 °C, -40 °C and -25 °C.

br category temperature: +85 °C (only grade 3), +100 °C, +125 °C and +155 °C.
tion of-the damp heat, steady state test: 21 days and 56 days.

g-life> capacitors for long-life applications with stringent requirements for_the elecffical

5 for

5°C

ries

test

bntinuous operation at 155 °C beyond the endurance test time, accelerated ageing sha

[l be

carr

ed out (See detall specIfication).

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

resp

4.2

ectively.

Preferred values of ratings

4.2.1 Nominal capacitance (Cy)

Preferred values of nominal capacitance shall be taken from the E6 series of IEC 60063:

1,0-1,5-2,2-3,3-4,7 and 6,8 and their decimal multiples (x 10%, n = integer).
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If other values are required, they should be chosen from the E12 series.

4.2.2 Tolerance on nominal capacitance

The

4.2.3

The

1,0

The
the

The
freq

in thie detail specification.

+1,6-2,5-4,0-5,0-6,3 and their decimal multiples (x 10”, n: integer).

preferred tolerances on the nominal capacitance are £5 %, £10 % and +20 %.

Rated voltage (Ug)

preferred values of rated voltage shall be taken from R10 series of ISO 3 are:

sum of the DC voltage and the peak AC voltage applied to the capacitor shall not exq
ated voltage.

value of the peak AC voltage shall not exceed the percentages of the rated voltage a
lencies stated in Table 1 and should not be greater than 280 V, unless|otherwise spec

Table 1 — Percentage limit of the rated voltage at AC'voltage frequency

AC voltage frequency Percentage limit of the rated voltage
Hz %
50 20
100 15
1000 3
10 000 1

4.2.4

Category voltage (Ug)

The|category voltage for Grade-1-and Grade 2 capacitors is:

— fpr upper category temperature 125 °C: 0,8 Ug;

— fpr upper category-temperature 155 °C: 0,5 Ug.

The|category voltage for Grade 3 capacitors is:

— fpr uppercategory temperature 100 °C: 0,8 Ug;

— fpr upper category temperature 125 °C: 0,5 Ug.

4.2.5— Rated-temperature

eed

the
ified

Grade 1 and Grade 2 capacitors

The standard value of rated temperature is 100 °C.

Grade 3 capacitors

The standard value of rated temperature is 85 °C.
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5 Test and measurement procedures

5.1 General

This Clause 5 supplements the information given in the relevant clauses of IEC 60384-1:2021.

5.2 Mounting
5.21 Initial inspections

The capacitance shall be measured in accordance with 5.4.2.

The|tangent of loss angle shall be measured in accordance with 5.4.3.

5.2.2 Mounting method
See|lEC 60384-1:2021, 5.5.

5.2.3 Final inspections after mounting

After recovery, the capacitors shall be visually examined and measured and shall meef the
reqyirements given in Table 9.

The|measurement values are used as initial inspection values in subgroups 3.1, 3.2, 3.3|and
3.4 in Table 8 and in subgroups C3.1, C3.2, C3.3 and €3.4 in Table A.2.

5.3 | Visual examination and check of dimensions
5.3. General
See|lEC 60384-1:2021, 7.1 with the details of 5.3.2 and 5.3.3.

5.3.2 Visual examination and check of dimensions

Visual examination shall be cartied out with equipment with approximately 10x magnification
and [lighting appropriate to thesspecimen under test and the quality level required.

The|operator should have available facilities for incident or transmitted illumination as wejl as
an dppropriate measucring facility.

5.3.3 Requirements

The|capacitors shall be examined to verify that the materials, design, construction, physical
dimgnsions and workmanship are in accordance with the applicable requirements given in the
detdil\spécification.

5.4 Electrical tests
5.4.1 Voltage proof
5411 General

See |[EC 60384-1:2021, 6.2 with the details of 5.4.1.2, 5.4.1.3 and 5.4.1.4.

5.4.1.2 Test circuit

Delete the capacitor C,.
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The product of R4 and the nominal capacitance of the capacitor under test (Cy) shall be smaller
than or equal to 1 s and greater than 0,01 s.

R, includes the internal resistance of the power supply.
R, shall limit the discharge current to a value equal to or less than 1 A.

5.41.3 Test conditions

The voltages given in Table 2 shall be applied between terminals, the measuring points 1a) of
IEC 60384-1:2021, Table 3, for a duration of 1 min for qualification approval testing and, for a
durgtion of 1 s for the lot-by-lot quality conformance testing.

Table 2 — Test voltages

Measuring point Test voltage

Grade 1: 1,6 Uy

1a) Grade 2: 1,4 Ur

Grade-3: 44 Ug

5414 Requirements

Thefle shall be no breakdown or flashover during the/tést.

NOTE The occurrence of self-healing breakdowns during‘the application of the test voltages is allowed.
5.4.2 Capacitance

5.4.2.1 General

See|lEC 60384-1:2021, 6.3 with the“details of 5.4.2.2 and 5.4.2.3.

5.4.2.2 Measuring conditions

The|capacitance shallsbe measured at, or corrected to, a frequency of 1 kHz. For noninal
capacitance values, > 10 uF, 50 Hz to 120 Hz may be used.

Thelapplied peak'voltage at 1 kHz shall not exceed 3 % of the rated voltage, and the applied
peak voltage at 50 Hz to 120 Hz shall not exceed 20 % of the rated voltage with a maximum of
100 |V (70<V-RMS).

5.4.2.3° Requirements

The capacitance shall be within the specified tolerance.

5.4.3 Tangent of loss angle (tan o)
5.4.3.1 General
See IEC 60384-1:2021, 6.4 with the details of 5.4.3.2, 5.4.3.3, 5.4.3.4 and 5.4.3.5.
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5.4.3.2 Measuring conditions for measurements at 1 kHz

The test conditions are as follows:

— Frequency: 1 kHz;

— Peak voltage: < 3 % of the rated voltage;

— Inaccuracy: <10 x 1074 (absolute value).

5.4.3.3 Requirement for measurements at 1 kHz

Tan

§ shall not exceed the applicable values shown in Table 3

Table 3 — Tangent of loss angle limits

Npminal capacitance Tan ¢ (absolute value)
uF Grade 1 capacitors Grade 2 capacitors Grade’ 3 capacitor$
<1 0,006 0,010 0,010
> 1 0,007 0,010 0,010
5.4.3.4 Measuring conditions for measurements at 10 kHz

For

Capacitors with Cy < 1 yF, tan ¢ shall be in addition mgasured when required in Table

certain tests.

- f

Frequency: 10 kHz;
oltage: 1V RMS;

— Ipaccuracy: <10 x 1074 (absolute-value).

5.4.

Tan

5.4.4
5.4.4

See

5.4.4

Prio
shal

8.5 Requirement for measurements at 10 kHz

jent of loss angle shall be as stated in the detail specification.

L Insulation resistance
1.1 General

IEC 60384-1:2024, 6.1 with the details of 5.4.4.2 and 5.4.4.3.

1.2 Measuring conditions

be ‘'maintained in the test chambers and during post-test measurements.

D for

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

Before the measurement, the capacitors shall be fully discharged. The product of the resistance
of the discharge circuit and the nominal capacitance of the capacitor under test shall be > 0,01 s
or any other value stated in the detail specification.

The measuring conditions shall be in accordance with IEC 60384-1:2021, 6.1.2. The measuring

poin

ts shall be in accordance with IEC 60384-1:2021, Table 3.

The voltage shall be applied immediately at the correct value through the internal resistance of
the voltage source.

The product of the internal resistance and the nominal capacitance of the capacitor shall be

sSma

ller than 1 s or any other value stated in the detail specification.
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5.4.4.3 Requirements
The insulation resistance shall meet the requirements of Table 4. However, in lot-by-lot quality

conformance testing, the measurement may be interrupted at the time when the limits of Table 4
have been reached, which can be within 60 s.

Table 4 — Requirements regarding insulation resistance

Minimal RC product Minimum insulation resistance between the
(R = insulation resistance between the terminations
terminations)
_ inal - c )
s MQ
Cy > 0,33 yF Cy 0,33 pF

Rated voltage
>100 V <100V >100 V <100V
Grade:
1 2,3 1 2,3 1 2,3 1 2,3
1p 000 400 5000 400 30 000 1000 15 000 1000

NOTE MQ is used instead of the correct unit GQ for the convenience of the user to calculate the time consftant
cortlectly, and from historical reasons.

Whgn the test is carried out at a temperature other than20 °C, the result shall, when necesgary,
be cprrected to 20 °C by multiplying the result of the measurement by the appropriate corregtion
factgr. In case of doubt, the measurement at 20~°C is decisive. The correction factors given in
Table 5 can be considered as average values for metallized polyethylene naphthalate|film
capacitors.

Table 5 — Correction’factor dependent on temperature

Temperature Correction factor

C

15 0,75
20 1,00
23 1,15
27 1,35
30 1,50
35 1,75

5.5 Shear test
5.5.1 General

See |[EC 60384-1:2021, 7.7.

5.5.2 Final inspections

The capacitors shall be visually examined and shall meet the requirements given in Table 9 or
Table A.2.
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Substrate bending test

5.6.1 General

See

IEC 60384-1:2021, 7.8.

5.6.2 Initial inspections

Capacitance shall be measured in accordance with 5.4.2.

5.6.3 Final inspections and requirements

The|capacitance shall be measured in the board bending position.

The|capacitance value and visual examination shall meet the requirements shown,in) Table|9 or

Table A.2.

5.7 | Resistance to soldering heat

5.7. General

See|lEC 60384-1:2021, 9.1 with the details of 5.7.2 to 5.7.5.

5.7.2 Initial inspections

The|capacitance shall be measured in accordance with/5.4.2.

The|tangent of loss angle shall be measured in ac¢ordance with 5.4.3.

5.7.3 Test conditions

Tes{ conditions are as follows:

— Method: Method 1 (solder(bath), or Method 2 (reflow), unless otherwise specifigd in
detail specification;

— Duration: 5s+0,580rr10 s £ 1 s, unless otherwise specified in detail specification.

If M¢thod 1 is applied, immersion and withdrawal speed shall be 20 mm/s to 25 mm/s.

5.7.4 Recovery

The(recovery period shall be 24 h £ 2 h.

5.7.% Final inspections and requirements

AfteFreeovery—the—ecapacitors—shaltbe—vistaly—exemined—and—rmeastred—and—shat—meet the

following requirements:

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

The capacitance and tangent of loss angle shall meet the requirements given in Table 9 or

Tabl

5.8

e A.2.

Solderability

5.8.1 General

See

IEC 60384-1:2021, 9.2 with the details of 5.8.2 and 5.8.3.
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5.8.2 Test conditions

The test conditions shall be specified in the detail specification. Preconditioning or ageing is
not required unless otherwise specified in the detail specification.

5.8.3 Final inspections and requirements

The capacitor shall be visually examined under normal lighting and approximately 10x

mag

The

nification. There shall be no signs of damage.

areas to be soldered shall be covered with a smooth and bright solder coating with no more

than
ared

5.9
5.9.

See

The

5.9.]

The

The

5.9.
The

The

The

5.9.4

The

a small number of scattered imperfections, such as pinholes or un-wetted or de-wg¢
s. These imperfections shall not be concentrated in one area.

Rapid change of temperature
General

IEC 60384-1:2021, 8.1 with the details of 5.9.2, 5.9.3 and 5.9.4.
capacitors shall be mounted in accordance with 5.2.

p Initial inspections

capacitance shall be measured in accordance with/5.4.2.
tangent of loss angle shall be measured in accordance with 5.4.3.

B Test conditions

test conditions are as follows:
capacitors shall be tested for 5-cycles.
duration of exposure at each temperature limit shall be 30 min.

| Final inspections and requirements

Tab

5.1

5.1

capacitors shall be visually examined and shall meet the requirements given in Table
e A.2.

Climatic sequence

.1¢, General

See

The

5.10

The

The

IEC 60384-1:2021, 8.2 with the details of 5.10.2 to 5.10.8.
capacitors shall be mounted in accordance with 5.2.

.2 Initial inspections

capacitance shall be measured in accordance with 5.4.2.

tangent of loss angle shall be measured in accordance with 5.4.3.

5.10.3 Dry heat

See

IEC 60384-1:2021, 8.2.3.

tted

9 or
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5.10.4 Damp heat, cyclic, test Db, first cycle
See IEC 60384-1:2021, 8.2.4.

5.10.5 Cold
See |[EC 60384-1:2021, 8.2.5.

5.10.6 Damp heat, cyclic, test Db, remaining cycles

See |IEC 60384-1:2021, 8.2.7 with the following detail:

Within 15 min after removal from the damp heat test, the rated voltage shall be applied.for 1| min
at measuring point 1a) using the test circuit conditions given in 5.4.1.2.

5.10.7 Recovery

The|recovery period shall be 1 h to 2 h, unless otherwise specified in the detail specificati¢n.

5.10.8 Final inspections and requirements

Aftel recovery, the surface mount capacitors shall be visually examined and measured|and
meett the requirements given in Table 9 or in Table A.2.

5.11 Damp heat, steady state
5.11.1 General
See|lEC 60384-1:2021, 8.3 with the details of 5:11.2 to 5.11.5.

The|capacitors shall be mounted in accordance with 5.2.

5.11.2 Initial inspections

The|capacitance shall be measusfed in accordance with 5.4.2.

The|tangent of loss angle shall be measured in accordance with 5.4.3.

5.11.3 Test conditions

Tesf conditions)are as follows:

— Temperature: 40 °C + 2 °C;
— Relative humidity: (93 = 3) %;

—  Apphedvotltage—Novoltageshatbeappled——m————————————————————
— Duration: 21 days or 56 days.

5.11.4 Recovery

The recovery period shall be 1 hto 2 h.

5.11.5 Final inspections and requirements

After recovery, the capacitors shall be visually examined and measured and shall meet the
requirements given in Table 9 or in Table A.2.
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5.12 Endurance

5.12.1

General

- 17 -

See |IEC 60384-1:2021, 8.5 with the details of 5.12.2, 5.12.3 and 5.12.4.

The capacitors shall be mounted in accordance with 5.2.

5.12.2

Initial inspections

The capacitance shall be measured in accordance with 5.4.2.

The|tangent of loss angle shall be measured in accordance with 5.4.3.

5.12.3 Test conditions

Gradle 1 capacitors shall be tested for 2 000 h, Grade 2 and Grade 3 capacitors for 1 000 i, as
giveph in Table 6 and Table 7.
Table 6 — Endurance test conditions for Grade 1 and Grade 2 capacitors
Category -/100/- -1125/- -/155/-
Temperature 100 °C 125 °C 100C 155 °C 100 °Q
Voltage (DC) 1,25 Ug 1,25 Ug 25 Uy 1,25 Ug 1,25 Uy
Sample part divided into 1 part 2-parts 2 parts
Table 7 — Endurance test conditions for Grade 3 capacitors
Category -/085/- -/100/- -1125/-
Temperature 85 °C 100 °C 85 °C 125 °C 85 °C
Voltage (DC) 1,25"Ux 1,25 Ug 1,25 Uy 1,25 Ug 1,25 Uy
Sample part divided into +part 2 parts 2 parts
The|test voltage shall be applied to each capacitor individually through a resistor, the value R
of which is equal 160,022 / Cy\ (Q), where Cy is the nominal capacitance in farad and R ig the
resigtance in ohhms and is to be within 30 % of the calculated value with a maximum of 2 MQ.
After thesspéecified period, the capacitors shall be allowed to recover and shall then be

discharged across the same resistor R as defined in this subclause.

5.12.4 Final inspections and requirements

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

in Table 9 or Table A.2.

5.13 Charge and discharge

5.13.1

General

See IEC 60384-1:2021, 6.11 with the details of 5.13.2 to 5.13.5.

The capacitors shall be mounted in accordance with 5.2.
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5.13.2 Initial inspections

The capacitance shall be measured in accordance with 5.4.2.
The tangent of loss angle shall be measured in accordance with 5.4.3.

5.13.3 Test conditions

The capacitors shall be subjected to 10 000 cycles of charge and discharge at a rat

e of

approximately one cycle per second. Each cycle shall consist of charging and discharging the

capacitor. Each capacitor shall be individually charged with the rated voltage through a res

stor

with|a value (220 x 1076) / Cn (Q), where Cy is the nominal capacitance in farad, or the\y

alue

reqyired to limit the charge current to 1 A (or to the higher current value given in/the’ detail

spegification), whichever resistance value is the greater.

Each capacitor shall be individually discharged through a resistor with® a valug of
(10 ¥ 10‘6)/CN (Q), with a minimum of 20 Q, or a lower value whenstated in the detail

spegification.

5.13.4 Recovery

Thelrecovery shall be 1 h to 2 h.

5.13.5 Final inspections and requirements

After recovery, the capacitors shall be measuredd@nd shall meet the requirements given in

Table 9 or Table A.2.

5.11] Component solvent resistance (if required)
5.141 General

See|lEC 60384-1:2021, 9.4.

5.14.2 Final inspections and’requirements

See|5.7.5, if not specified differently in the detail specification.

5.19 Solvent resistance of marking (if applicable)
5.181 General
See|lEC 60384-1:2021, 9.5.

5.15.2."Final inspections and requirements

The marking shall be visually examined, and it shall be legible.

6 Marking

6.1 General

See IEC 60384-1:2021, 4.3, with the following details.
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6.2 Information for marking

The information given in the marking is normally selected from the following list. The relative
importance of each item is indicated by its position in the list:
a) nominal capacitance (in clear or code according to IEC 60062);

b) rated voltage (DC. voltage may be indicated by the symbol ——— (IEC 60417-5031:2002-10)
or — )

c) tolerance on nominal capacitance;

d) category voltage;

e) year and month (or week) of manufacture;
f) manufacturer's name or trade mark;

g) ¢limatic category;

h) manufacturer's type designation;

i) neference to the detail specification.

6.3 | Marking on capacitors

Marking on capacitors is made when necessary.
Any|marking shall be legible and not easily smeared or removed by rubbing with the finger.

6.4 | Marking on packaging
The|packaging containing the capacitor(s) shall be\clearly marked with all the information listed

in 62 as necessary.

7 Information to be given in a detail specification

71 General

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

Detgil specifications shall not specify requirements inferior to those of the generic, sectiongl or
blank detail specification: ' When more severe requirements are included, they shall be listgd in
Clayse 5 of the detail/ specification and indicated in the test schedules, for example by an
asteisk.

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

Thelinformation outlined in 7.2 to 7.5 shall be given in each detail specification and the values
quoted-shoulc o : T e o ) X :
specification.

7.2 Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easy recognition and for comparison
of the capacitor with others. Dimensions and their associated tolerances, which affect inter-
changeability and mounting, shall be given in the detail specification. All dimensions should be
stated in millimetres; however, when the original dimensions are given in inches, the converted
metric dimensions in millimetres shall be added.

The numerical values of the body shall be given as follows:

— width, length and height.
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The numerical values of the terminals shall be given as follows:
— width, length and spacing.
When necessary, for example when a number of items (sizes and capacitance/voltage ranges)

is covered by a detail specification, the dimensions and their associated tolerances shall be
placed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state such
dimensional information as will adequately describe the capacitor.

7.3 | Mounting

The|detail specification shall give guidance on methods of mounting for normal usetdviounting
for test and measurement purposes (when required) shall be in accordance with 5.2.

7.4 | Ratings and characteristics
7.4. General

The|ratings and characteristics shall be in accordance with the\relevant clauses of|this
docyment, together with the content of 7.4.2, 7.4.3 and 7.4.4.

7.4.2 Nominal capacitance range

Seel4.2.1.

Whgn products approved to the detail specificationshave different nominal capacitance ranges,
the following statement should be added: "The& nominal capacitance range available in g¢ach
voltage range is given on the IEC online seryice, www.iecq.org/certificates."

7.4.3 Particular characteristics

Add{tional characteristics may be(Jisted, when they are considered necessary to spécify
adequately the component for design and application purposes.

7.4.4 Soldering

The|detail specificationshall prescribe the test methods, severities and requirements applicpble
for the solderability’and the resistance to soldering heat tests.

7.5 | Marking

The|detailsspecification shall specify the content of the marking on the capacitor and on the
packaging. Deviations from Clause 6 shall be specifically stated.

8 AQuality assessment procedures

8.1 Primary stage of manufacture

The primary stage of manufacture is the winding of the capacitor element or the equivalent
operation.

8.2  Structurally similar components

Capacitors considered as being structurally similar are capacitors produced with similar
processes and materials, though they can be of different case sizes and capacitance and
voltage values.
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8.3 Certified test records of released lots

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

8.4 Qualification approval procedures
8.4.1 General

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

Thelschedule to be used for qualification approval testing on the basis of lot-by-lot and.périodic
testg is given in Annex A. The procedure using a fixed sample size schedule is given¢in' 8.4.2.

8.4.2 Qualification approval on the basis of the fixed sample size procedure
8.4.2.1 Sampling

Thelfixed sample size procedure is described in IEC 60384-1:2021, Q.,2)4. The sample shall be
reprgsentative of the range of capacitors for which approval is sought’ The sample may bg the
whole or part of the range given in the detail specification.

Thel|sample shall consist of four specimens having the maximum and minimum rated voltages,
and |for these voltages the maximum and minimum capatitances. When there are more than
four[rated voltages, an intermediate voltage shall alse‘be tested. Thus, for the approval [of a
range, testing is required for either four or six values/{(capacitance/voltage combinations). When
the fange consists of fewer than four values, thexnumber of specimens to be tested shall be
that|required for four values.

Spafe specimens are permitted as follows;

Two| (for six values) or three (for fourivalues) per value, which may be used as replacemgents
for specimens, which are non-conforming because of incidents not attributable to| the
manfufacturer.

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

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

Table 8 gives the number of samples to be tested for each group with the permissible number
of npn=eonforming items for qualification approval tests.

8.4.2.2 Tests

The complete series of tests specified in Table 8 and Table 9 are required for the approval of
capacitors covered by one detail specification. The tests of each group shall be carried out in
the order given.

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

Non-conforming specimens found during the tests of Group 0 shall not be used for the other
groups.
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Approval is granted when the number of non-conforming items is zero.

Table 8 and Table 9 together form the fixed sample size test schedule for the qualification
approval on the basis of the fixed sample size procedure.

Table 8 gives the number of the samples and permissible non-conforming items for each test
and test group.

Table 9 gives a summary of the test conditions and performance requirements, and choices of
the test conditions and performance requirements in the detail specification.

The|test conditions and performance requirements for the qualification approval on the basjis of
the Lixed_ samp_ltnT siz_e should be identical to those for quality conformance inspectiofs-given in
the getail specification.
Table 8 — Test and sampling plan for qualification approval
Assessment level EZ
Group Test Subclause Number of Permissible
No. of this speciméens number of non
document conforming
items
n c
Visual examination 5.3
Dimensions 5.3
Capacitance 5:4.2 144 0
Tangent of loss angle 54.3
Voltage proof 5.4.1
Insulation resistance 5.4.4
Spare specimens 12
A Resistance to solderingheat 5.7 12 0
Component solvent resistance? 5.14
B Solderability 5.8 12 0
Solvent resistance of the marking® 5.15
2 Substrate bending test (formerly bond 5.6 12 0
strength’ of the end face plating)
Mounting 5.2 108 [
Shear test 5.5
3(1 Rapid change of temperature 5.9 24 0
Climatic sequence 5.10
3.2 Damp heat, steady state 5.11 24 0
3.3 Endurance 5.12 36 0
3.4 Charge and discharge 5.13 24 0
a8 Capacitance/voltage combinations, see 8.4.2.
b If required by the detail specification.
¢ Specimens found defective after mounting shall not be taken into account when calculating the
permissible non-conforming items for the following tests. They shall be replaced by spare parts.



https://iecnorm.com/api/?name=dcbe4889ff0054b000637ffd2913c456

IEC 60384-23:2023 © |IEC 2023

- 23—

Table 9 — Test schedule for qualification approval

Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 0 ND See Table 8
5.3 Visual examination As in 5.3.2 As in 5.3.3
5.3 Dimensions (detail) See detail specification
5.4.p Capacitance Asin 5.4.2.2 Within specified tolerance
5.4.3 Tangent of loss angle
at 1 kHz and 10 kHz for Asin 5.4.3.2 and 5.4.3.4 As in 5.4.3.3{ 40 kHz, slee
Cys1uF detail specification
at 1 kHz for C, > 1 pF As in 5.4.3.2 As in-5:4.3.3
5.4. Voltage proof Asin5.4.1.2 and 5.4.1.3 As,in5.4.1.4
5.4.4 Insulation resistance Asin 5.4.4.2 As in 5.4.4.3
Gropup 1A D See Table &
5.7 Resistance to soldering As in 5.7.3
heat
5.7.2 Initial inspections f
Capacitance As in5.4.2.2
Tangent of loss angle
at 10 kHz for C < 1 uF As in 5.4.3.4
at 1 kHz for C > 1 uF As in 5.4.3.2
5.7.4 Recovery As in 5.7 4
5.14 Component solvent "As in&14 As in 5.14
resistance ¢ Methed 2"
5.7.p Final inspections
Visual examination As in 5.7.5 As in 5.7.5
Capacitance | AC/C| < 3 % for Gradg 1
and Grade 2
<5 % for Grade|3
of the value
measured in 5.72
Tangent,ef\loss angle
at 10 kHg'for C\ s1uF Asin 5.4.3.4 Increase of tan J:
< 0,005 for Grade 1
and Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.7.2
at 1 kHz for C >1uF As in 5.4.3.2 See detail specification
Group 1B D See Table 8
5.8 Solderability As in 5.8.2
5.8.3 Final inspections
Visual examination As in 5.8.3 As in 5.8.3
5.15 Solvent resistance of As in 5.15 Legible marking
the marking © ¢ Method 1 As in 5.15
5.15.2 Final inspections
Visual examination
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 2 D See Table 8
5.6 Substrate bending test See IEC 60384-1:2021,
7.8
5.6.2 Initial inspections
Capacitance As in 5.4.2.2
5.6.8 Final inspections
Visual examination As in 5.3.2 No visible damage
Capacitance Asin 5.4.2.2 | AcCiC| < 2% for Gradq 1
and\Grade 2
£15% for Grade|3
of'the value
measured in 5.6[2
Grolp 3 D See Table 8
5.2 Mounting Substrate material: .9
5.2. Initial inspections
Capacitance From Group 0
Tangent of loss angle
at 1 kHz and 10 kHz As in 5.4.3.2 and 5.4.3.4
for Cy< 1 uF
at 1 kHz for Cy> 1 yF As in 5.4.3.2
5.2.8 Final inspections
Visual examination As in 5.32 See detail specification
Capacitance As in5.4.2.2 | ACIC| < 2 % of the value
measured in 5.4{2

Tangent of loss angle

at 1 kHz and 10 kHz for
Cys1uF

at 1 kHz for C > 1euf

lrsulation resistance

As in 5.4.3.2 and 5.4.3.4

As in 5.4.3.2

As in 5.4.4.2

As in 5.4.3.3; for 10 kH
see detail specification

As in 5.4.3.3

Both capacitance and
tangent of loss angle
values are used as initi
inspection values for
subgroups 3.1, 3.2, 3.3
and 3.4

As in 5.4.4.3

N

1Y



https://iecnorm.com/api/?name=dcbe4889ff0054b000637ffd2913c456

IEC 60384-23:2023 © IEC 2023 - 25—
Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.1 D See Table 8
5.5 Shear test As in 5.5
5.5.2 Final inspections
Visual examination As in 5.3.2 No visible damage

5.9 Raprd—ctangeof ASTT 57973
temperature
T, = Lower category
temperature
Ty = Upper category
temperature
5.9.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
at 1 kHz
5.9.4 Final inspections
Visual examination As in 5.3.2 No visible damage
Capacitance As in5.4.2.2 See detail specification
Tangent of loss angle Asin 5.4.3.2 See detail specification
at 1 kHz
5.10 Climatic sequence
5.10.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C = 1 uF From'5.2.3
at 1 kHz for C > 1 uF From 5.2.3
5.10.3 Dry heat As in 5.10.3
Temperature: upper
category temperature
Duration: 16 h
5.10.4 Damp heat,cyclic, As in 5.10.4
Test Db, firsticycle
5.10.5 Cold As in 5.10.5
Temperature: lower
category temperature
Duration: 2 h
5.10.6 Damp heat, cyclic, As in 5.10.6
Test Db, remaining
cycles
5.10.7 Recovery As in 5.10.7
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
5.10.8 Final inspections
Visual examination As in 5.3.2 No visible damage
Legible marking
Capacitance Asin5.4.2.2 | Ac/C| < 3 % for Grade 1
and Grade 2
<85 9% for Grade 3
of the value
measured in 5:2|3
Tangent of loss angle:
at 10 kHz for C = 1 uF As in 5.4.3.4 Increase of tan J:
0,002 5 for
Grade1
< 0,004 for Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.2|.3
at 1 kHz for Cy> 1 uF As in 5.4.3.2 < 0,003 for Grade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to valpes
measured in 5.2[3
Insulation resistance As in 5.4.4.2 2 50 % of valueg in
5.4.4.3 for Gradg 1
and Grade 2
225 % of values|in
5.4.4.3 for Gradg 3
Grolp 3.2 D See Table 8
5.11 Damp heat, As in 5.11.3
steady state
5.11.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 1 kHz From 5.2.3
5.11.4 Recovery As in 5.11.4
5.11.5 Final inspectians
Visual examination As in 5.4.2 No visible damage
Capagitance Asin 5.4.2.2 | AcIC| < 7 % for Gradg 1
and Grade 2
<10 % for Gradg 3
compared to values
measured in 5.2|.3
Tangent of loss angle D Increase of tan J:
at 1 kHz As in 5.4.3.2 < 0,005 for Grade 1
and Grade 2
<0,007 for Grade 3
compared to values
measured in 5.2.3
Insulation resistance As in 5.4.4.2 2 50 % of values in

5.4.4.3 for Grade 1
and Grade 2

= 25 % of values in
5.4.4.3 for Grade 3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.3 D See Table 8
5.12 Endurance As in 5.12.3
5.12.2 Initial inspections
Capacitance From 5.2.3
Hdrgerit 01 10ss digie
at 10 kHz for C = 1 uF From 5.2.3
at 1 kHz for C > 1 uF From 5.2.3
5.12.4 Final inspections
Visual examination As in 5.3.2 No visible' damage
Legible’ marking
Capacitance Asin5.4.22 |\&c/C| < 5 % for Gradg 1
< 8 % for Grade|2
and Grade 3
compared to values
measured in 5.2|.3
Tangent of loss angle: Increase of tan ¢:
at 10 kHz for C = 1 pF As in 5.4.3.4 < 0,003 for Grade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.2|3
at 1 kHz for Cy> 1 uF As in 5.4.3.2 < 0,002 for Grade 1
< 0,003 for Grade 2
< 0,005 for Grade 3
compared to valpes
measured in 5.2[3
Insulation resistance As-in 5.4.4.2 2 50 % of valueg in
5.4.4.3 for Gradg 1
and Grade 2
2 25 % of valueg in
5.4.4.3 for Gradg 3
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Subclause number D Conditions of test? and Number of Performance
and test?, inspection | or measurements specimens (n) requirements
items ND and number of
b permissible
non-conforming
items (c)
Group 3.4 D See Table 8
5.13 Charge and discharge As in 5.13.3
5.13.2 Initial inspections
Capacitance From 5.2.3
Hdrgerit 01 10ss digie
at 10 kHz for C = 1 uF From 5.2.3
at 1 kHz for C > 1 uF From 5.2.3
5.13.4 Recovery As in 5.13.4
5.13.5 Final inspections
Capacitance Asin 5.4.2.2 lAcle| <5 % for Gradg 1
< 8 % for Grade|2
<10 % for Gradg 3
compared to values
measured in 5.2[3
Tangent of loss angle: Increase of tan J:
at 10 kHz for Cy s 1uF As in 5.4.3.4 < 0,003 for Grade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.2[3
at 1 kHz for C > 1 uF Asin 5.4.3.2 < 0,002 for Grade 1
< 0,003 for Grade 2
< 0,005 for Grade 3
compared to values
measured in 5.2[3
Insulation resistance As in\5.4.4.2 2 50 % of valueg in
5.4.4.3 for Gradg 1
and Grade 2
> 25 % of valueg in
5.4.4.3 for Gradp 3
2  $ubclause numbers of test.and performance requirements refer to Clause 5.
b n this table: D = destructive, ND = non-destructive.
¢ This test may be carried out on surface mount capacitors mounted on a substrate.
4 When differenf'substrate materials are used for the individual groups 3.1 to 3.4, the detail specification shpuld

¢ If required:

indicate whichi substrate material is used in the groups 3.1 to 3.4.

f roup 0 measurement values can be used as the initial measurement values
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Annex A
(normative)

Quality conformance inspection

Formation of inspection lots

A.1.1 Groups A and B inspection

The —by= = and
Grolip B tests are destructive.
A manufacturer may aggregate the current production into inspection lots subject to| the
following safeguards:
a) The inspection lot shall consist of structurally similar capacitors (see 8:2);
b) The sample tested shall be representative of the values and dimensions contained il the
inspection lot:
1) in relation to their number;
2) with a minimum of five of any one value.
c) If there are fewer than five of any one value in the sample, the basis for the drawing of
gamples shall be agreed between the manufacturer,and the certification body (CB).
A.1.p Group C inspection
Thesge tests shall be carried out on a periodic basis.
Sanples shall be representative of the current production of the specified periods and shall be
divided into small, medium and large sizes. In order to cover the range of approvals in{any
peripd, one voltage shall be tested from~each group of sizes. In subsequent periods, other gizes
and/or voltage ratings in productionshall be tested with the aim of covering the whole range.
A.2| Test schedule
The|schedule for the lefzby-lot and periodic tests for quality conformance inspection is given in
Table A.1 and Table AZ2.
A.3| Delayed delivery
Whgn aaccording to the procedures of IEC 60384-1:2021, Q.1.7, re-inspection shall be mpde,
solderability and capacitance shall be checked as specified in Group A and Group B
inspections.
A.4 Assessment levels

The

assessment level EZ is stated in Table A.1 and Table A.2.
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Table A.1 — Lot-by-lot inspection

Subclause number Conditions of test a D ILP nO | cO Performance
and test O or requirements O
ND b

Subgroup A0

ND
5.4.2 Capacitance Asin5.4.2.2 100 % © Within specified tolerance
5.4.3 Tangent of loss angle [Asin 5.4.3.2 As in 5.4.3.3
5.4.1_\altage proof (test A) [Asin5412and5413 Asinh414
5.4.4 Insulation resistance |Asin 5.4.4.2 Asin 5.4.4.3

(Test A)

Subgroup A1

5.3 | Visual examination As in 5.3.2 ND |S-3 d 0 As in 5.33
Legible'marking (if
applicable) and as spedified
in 6.2-0f this specificatipn

Subgroup A2 ND |S-3 d 0

5.3 | Dimensions As specified in the detall
specification

Subgroup B1

5.8 | Solderability As in 5.8.2 0
5.8.3 Final measurements Visual examination As in 5.8.3
Subg@roup B2 D S-3 d 0
5.15| Solvent resistance of |Asin 5.15 Legible marking
the marking (if Method 1
applicable)
@ Yubclause numbers of test and performancé/requirements refer to Clause 5.

b QO = destructive, ND = non-destructive, Ak = inspection level, n = sample size, ¢ = permissible number of |non-
conforming items

he inspection shall be perfermed after removal of non-conforming items by 100 % testing durind the
anufacturing process. The sampling level shall be established by the manufacturer, preferably in accordpnce

:Ihe content of detail specifications)can deviate and introduce other tests or severities.
n
with IEC 61193-2:2007, Annex A.

hether the lot was acCepted or not, all samples for sampling inspection shall be inspected in order to mgnitor
utgoing quality level by non-conforming items per million (x1076).

Q

case one_or'more non-conforming items occur in a sample, this lot shall be rejected but all non-conforming
tems shall be counted for the calculation of quality level values.

Qutgoing“quality level by non-conforming items per million (x1078) values shall be calculated by accumulpting
inspection data in accordance with the method given in IEC 61193-2:2007, 6.2.

NUmber 1o be tested: sample size shall be determined according 10 IEC 61193 2:2007, 4.3.2.
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Table A.2 — Periodic inspection

b .
Subclause number and test 2 | Conditions of test ? and 2r Sa;ncrélzpzznecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C1 D 3 12
5.7 Resistance to soldering |As in 5.7.3
heat
5.7.2 Initial measurements
(‘npqr‘ifnnr‘p Asinh 42 2
Tangent of loss angle
at 10 kHz for C < 1 uF [Asin 5.4.3.4
at 1 kHz for C > 1 uF |Asin 5.4.3.2
5.7. Test conditions As in 5.7.3
5.7.4 Recovery Asin 5.7.4
5.14 Component solvent As in 5.14 As,in’5.14
resistance ©¢ Method 2
5.7.5 Final measurements
Visual examination As in 5.7.5 As in 5.7.5
Capacitance Asin54.22 | Ac/C| < 3 % for Gradg 1
and Grade 2
<5 % for Grad¢g 3
of the value
measured in 5.71.2
Tangent of loss angle Increase of tan J:
at 10 kHz for C < 1 uF [Asin 5.4.3.4 <0,005 for Grade 1
and Grade 2
<0,007 for Grade 3
compared to values
measured in 5.71.2
at 1 kHz for C > 1 uF |Asin 5.4.3.2 See detail specificatior]
Subgroup C2 D 3 12 0
5.6 Substrate bending test | See1EC 60384-1:2021,
7.8
5.6.2 Initial inspections
Capacitance As in5.4.2.2
5.6.3 Final Inspections
Visual examination As in 5.3.2 No visible damage
Capacitance Asin5.4.2.2 | ACIC| < 2 % for Gradg 1
and Grade 2
<5 % for Grad¢g 3
of the value
measured in 5.4.2
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b -
Subclause number and test ? | Conditions of test ? and Er Sa;ncpcI:p?;znec:nd Performance
inspection items measurements ND criterion b requirements
P n c
Subgroup C3
5.2 Mounting Substrate material:
See detail specification 9
5.2.1 Initial inspections
Capacitance Asin 5.4.2.2
Tangent of loss angle
at 1 kHz and 10 kHz for [As in 5.4.3.2 and 5.4.3.4 As in 5.4.3.3; 10 kHz, gee
Cys1uF detail specification
at 1 kHz for C > 1 uF |Asin 5.4.3.2 As in 5.4.3.3
5.2.3 After mounting
inspections:
Visual examination As in 5.3.2 See detail specificatior]
Capacitance Asin5.4.2.2 | ACIC| < 2 % of the value
measured in 5.2.1
Tangent of loss angle
at 1 kHz and 10 kHz As in 5.4.3.2 and 5.4.3.4 As in 5.4.3.3; 10 kHz, gee
for Cy =1 uF detail specification
at 1 kHz for Cy > 1 uF |Asin 5.4.3.2 As in 5.4.3.3
Both capacitance and
tangent of loss angle
values are used as initjal
inspection values for
subgroups 3.1, 3.2, 3.3
and 3.4
Insulation resistance Asin 5.4.4.2 Asin 5.4.4.3
Subgroup C3.1 D 6 27 0
5.5 Shear test As in 5.5
Visible examination As in 5:3.2 No visible damage
5.9 Rapid change of As inn\6:9.3
temperature
T4 = Lower category
temperature
Ty = Upper category
temperature
5.9.2 Initial inspegtions
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
5.9.4 _Final inspections
Visual examination As in 5.3.2 No visible damage
Capacitance As in5.4.2.2 See detail specification
Tangent of loss angle [Asin 5.4.3.2 See detail specification
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in 5.4.4.3 for
Grade 1 and
Grade 2

b .
Subclause number and test 2 | Conditions of test ? and Er Sa;ncpcI:pi;znecznd Performance
inspection items measurements ND criterion b requirements
P n c
5.10 Climatic sequence
5.10.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C, < 1 yF |From 5.2.3
at 1 kHz for C > 1 yF  [From 5.2.3
5.10}3 Dry heat As in 5.10.3
Temperature: upper
category temperature
Duration: 16 h
5.10]4 Damp heat, cyclic, As in 5.10.4
Test Db, first cycle
5.10}5 Cold As in 5.10.5
5.1016 Damp heat, cyclic, As in 5.10.6
Test Db, remaining
cycles
5.10}7 Recovery As in 5.10.7
5.10{8 Final inspections
Visual examination As in 5.3.2 No visible damage
Legible marking
Capacitance Asin 5.4.2.2 | Ac/C| < 3 % for Gradg 1
and Grade 2
<5 % for Grade [3
of the value
measured in 5.4.3
Tangent of loss angle Increase of tan J:
at 10 kHz for C\ = 1 yF |Asin 5.4.3.4 < 0,002 5 for
Grade 1
< 0,004 for Grage2
< 0,007 for Gragle 3
compared to values
measured in 5.4.3
at 1 kHz for Cy > 1 uF |As\ih 5.4.3.2 < 0,003 for Gragle 1
< 0,005 for Gragle 2
< 0,007 for Gradle 3
compared to values
measured in 5.4.3
Insulation resistance Asin 5.4.4.2 2 50 % of valuep

2> 25 % of valuep in

5.4.4.3 for Grad

e 3
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b .
Subclause number and test 2 | Conditions of test ? and Er Sa;ncpcI:pi;znecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C3.2 D 6 15
5.1 Damp heat, As in 5.11.3
steady state
5.11.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle From 5.2.3
5.11[3 Recovery ASTNo.1T.4
5.11}5 Final inspections As in 5.11.5
Visual examination As in 5.4.2 No visible damage
Capacitance Asin5.4.2.2 | AciC| < 7% for Gradg 1
and\Grade 2
<110 % for Grade 3
compared to values
measured in 5.4.3
Tangent of loss angle Increase of tan J:
at 1 kHz As in 5.4.3.2 < 0,005 for Gradle 1
and Grade 2
< 0,007 for Gragle 3
compared to values
measured in 5.4.3
Insulation resistance Asin 5.4.4.2 2 50 % of valuep
in 5.4.4.3 for
Grade 1
and Grade 2
2> 25 % of valuep in
5.4.4.3 for Grade 3
Subgroup C3.3 D 3 15 0
5.12 Endurance As in 5.12.3
5.12}2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C\ < 1 pF |From'6:2.3
at 1 kHz for C > 1 yF  [From 5.2.3
5.12}4 Final inspections As in 5.12.4
Visual examinatigns As in 5.3.2 No visible damage
Legible marking
Capacitance Asin5.4.2.2 | ACIC| < 5 % for Gradg 1

Tangent of loss angle:

Increase of tan ¢:

< 8 % for Gradeg 2
and Grade 3
compared to values
measured in 5.4.3

attOkHzforcy="t7F

at 1 kHz for C > 1 pF

Insulation resistance

AT 5437

As in 5.4.3.2

As in 5.4.4.2

=0760SforGrade 1
< 0,005 for Grade 2
< 0,007 for Grade 3
compared to values
measured in 5.2.3

< 0,002 for Grade 1
< 0,003 for Grade 2
< 0,005 for Grade 3
compared to values
measured in 5.2.3

2 50 % of values in
5.4.4.3 for Grade 1
and Grade 2

2> 25 % of values in
5.4.4.3 for Grade 3
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b .
Subclause number and test 2 | Conditions of test ? and Er Sa;ncpcI:pi;znecznd Performance
inspection items measurements ND criterion b requirements
n c
Subgroup C3.4 D 6 9
5.13 Charge and discharge |Asin 5.13.3
5.13.2 Initial inspections
Capacitance From 5.2.3
Tangent of loss angle
at 10 kHz for C < 1 pF |From 5.2.3
at 1 kHz for Cy > 1 yF |From 5.2.3
5.13}]4 Recovery As in 5.13.4
5.13}5 Final inspections As in 5.13.5
Capacitance Asin54.22 | Ac/C| <(5\% for Gradg 1
<8 % for Grad¢g 2
<10 % for Grade 3
compared to values
measured in 5.4.3
Tangent of loss angle Increase of tan 4:
at 10 kHz for C < 1yF [Asin 5.4.3.4 < 0,003 for Gradle 1
< 0,005 for Gragle 2
< 0,007 Grade 3
compared to values
measured in 5.4.3
at 1 kHz for C > 1uF As in 5.4.3.2 < 0,002 for Gradgle 1
< 0,003 for Grage 2
< 0,005 Grade 3
compared to values
measured in 5.3.3
Insulation resistance Asin 5.4.4.2 > 50 % of valuep in
5.4.4.3 for Grade 1
and Grade 2
2 25 % of valuep in
5.4.4.3 for Grade 3
a8 Jubclause numbers of test and performance requirements refer to Clause 5.
b |h this table: D = destructive, ND =“jen-destructive, n = sample size, ¢ = permissible number of non-conforfning
ifems
¢ This test may be carried out on/surface mount capacitors mounted on a substrate.
d Vhen different substrate materials are used for the individual groups 3.1 to 3.4, the detail specification sHould
indicate which substrate ‘material is used in the groups 3.1 to 3.4.
€ If required.
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(informative)
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Cross-references to the previous edition of this document

The revision of this document has resulted in a new structure. Table X.1 provides cross-
references to specific elements of the previous edition of this document.

Table X.1 — Cross-reference

IEC 60384-23:2015 IEC 60384-23:20xx
(Edition 3.0) (Edition 4.0) Notes
Clause/subclause Clause/subclause
1 - This is covered by Clauses 1, 2,3, 6, 7
1.1 1 The prior scope and object aré _mérged into
1.2 Clause 1
1.3 2 -
1.4 7 -
1.4.1 71 -
1.4.2 7.2 -
1.4.3 7.3 -
1.4.4 7.4 -
1.4.4.1 7.4.1 -
1.4.4.2 7.4.2 -
1443 7.4.3 =
1.4.4.4 7.4.4 -
1.4.5 7.5 -
1.5 3 -
1.5.1 3.1 -
1.5.2 3.2 -
1.6 6 -
1.6.1 61 -
1.6.2 6.2 -
1.6.3 6.3 -
1.6.4 6.4 -
2 4 Clause 2 is transferred to become Clause 4
Otherwise numbering kept unchanged
3.1-34 8.1- 8.4
3.5 Annex A
4 5 Clause 4 is transferred to become Clause 5,
- 5.1 New
4.1 =414 5.2-5.15 -
- 5.2.1,5.2.2and 5.2.3 New
- 5.5.1 and 5.5.2 New
- 5.14.1 and 5.14.2 New
Table 1 Table 1 -
Table 2 Table 8 -
Table 3 Table9 -
Table 4 Table A1 -
Table 5 Table A2 -
Table 6 Table 2 -
Table 7 Table 3 -
Table 8 Table 4 -
Table 9 Table 5 -
Table 10 Table 6 -
Table 11 Table 7 -
Bibliography Bibliography
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES DANS
LES EQUIPEMENTS ELECTRONIQUES -

Partie 23: Spécification intermédiaire —

a diélectrique en film de polynaphtalate d’éthyléne métallisé

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comgosée
e I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)! &IEC a pour objet de
voriser la coopération internationale pour toutes les questions de normalisation dans les domaings de
blectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie.des Normes internatiorjales,
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) dt des
uides (ci-aprés dénommés "Publication(s) de 'lEC"). Leur élaboration est confiee a des comités d’étudeg, aux
travaux desquels tout Comité national intéressé par le sujet traité peut” participer. Les organisdtions
internationales, gouvernementales et non gouvernementales, en liaison@vec I'lEC, participent égalemenft aux
trevaux. L'IEC collabore étroitement avec I'Organisation Internationale~de Normalisation (ISO), selon des
nditions fixées par accord entre les deux organisations.

D =gaor-

(]

2) Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesufre du
bssible, un accord international sur les sujets étudiés, étant doriné que les Comités nationaux de I'lEC intérg¢ssés

nt représentés dans chaque comité d’études.

bs Publications de I'lEC se présentent sous la forme:de‘recommandations internationales et sont agréées
mme telles par les Comités nationaux de I'IlEC. Tous,les efforts raisonnables sont entrepris afin que|l'lEC
assure de I’exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsabjle de
bventuelle mauvaise utilisation ou interprétation qui‘en est faite par un quelconque utilisateur final.

3)

0 or- v

4) Dpns le but d’encourager I'uniformité internationate, les Comités nationaux de I'lEC s’engagent, dans tolte la
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natiophales
régionales. Toutes divergences entre todtes Publications de I'IEC et toutes publications nationalgs ou

dgionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

r a2®30

5) LJIEC elle-méme ne fournit aucune, attestation de conformité. Des organismes de certification indépengants
fdurnissent des services d’évaluation de conformité et, dans certains secteurs, accédent aux marqugs de
nformité de I'lEC. L’IEC n’estresponsable d’aucun des services effectués par les organismes de certifidation

indépendants.

(]

6)
7)

—

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

Licune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
compris ses experts)particuliers et les membres de ses comités d’études et des Comités nationaux de [IEC,
bur tout préjudiée causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
hture que cesoit;*directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépgnses
bcoulant dela publication ou de I'utilisation de cette Publication de I'l|EC ou de toute autre Publication de |'IEC,
 au crédit.qui lui est accordé.

- 0Q3T< >

8) Llattention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicdtions

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

=

9) L'attemtiomestattitee sur te fait que Certains gaes erements du present gocument ae H1ECpeuvent faire tobjet de
droits de brevets. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 60384-23 a été établie par le comité d’études 40 de I'l|EC: Condensateurs et résistances
pour équipements électroniques. Il s’agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2015. Cette édition
constitue une révision technique.

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

a) cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente: révision de toutes les parties du document en s’appuyant sur les Directives
ISO/IEC, Partie 2:2021, et harmonisation avec d’autres types de documents similaires;
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b)

c)
d)
e)

9)
h)
i)
j)

Le t¢xte de cette Norme internationale est issu des documents suivants:

Le

abouyiti a son approbation.

La
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la structure du document a été organisée pour suivre la nouvelle structure de spécification
intermédiaire décidée au sein du CE 40;

révision des tableaux et de I'Article 5 pour éviter les duplications et les contradictions;
dans le paragraphe 5.2 (Montage), les paragraphes 5.2.1, 5.2.2 et 5.2.3 ont été ajoutés;
dans le paragraphe 5.5 (Essai de cisaillement), les paragraphes 5.5.1 et 5.5.2 ont été
ajoutés;

dans le paragraphe 5.14 (Résistance du composant aux solvants), les paragraphes 5.14.1

et 5.14.2 ont été ajoutés; dans le Tableau 8 et le Tableau A.2, I'essai 5.14 a été déplacé
avant 5.7.5 (Contrdles finaux et exigences) dans le Groupe 1A et dans le Sous-groupe C1;

dans le paragraphe 5.15 (Résistance au solvant du marquage), les paragraphes 5.15]1 et
.15.2 ont été ajoutés;

L3

jdjout du mesurage de la tangente de I'angle de perte a I'essai de résistance a |la chaleyr du
brasage;

Ies tableaux de contrdle lot par lot et périodique qui comprennent des exigences on{ été
déplacés a 'Annexe A;

névision du Niveau de contrdle (IL) du Sous-groupe A1.

Projet Rapport de¢vete
40/2983/FDIS 40/3019/RVD

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

angue employée pour I'élaboration de cette Norme internationale est I’anglais.

Une| liste de toutes les parties desda série IEC 60384, publiées sous le titre général
Conpensateurs fixes utilisés dans les équipements électroniques, se trouve sur le site wep de

I'E

Ce

q.

document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les

Directives ISO/IEC, Partie.1 et les Directives ISO/IEC, Supplément IEC, disponibles s$ous

ww
I'E

W.iec.ch/members_&xperts/refdocs. Les principaux types de documents développés| par
¢ sont décrits plus-en détail sous www.iec.ch/publications.

Le cpmité a décide que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée surle site web de I'l|EC sous webstore.iec.ch dans les données relatives au document

rec

Irché. A cette date, le document sera

conduit,

supprime,
remplacé par une édition révisée, ou

amendé.
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La

électrodes métallisées et a diélectrique en polynaphtalate d’éthyléne destinés atux'équipem
électroniques. Ces condensateurs sont équipés de contacts de connexion-métallisés o
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CONDENSATEURS FIXES UTILISES DANS
LES EQUIPEMENTS ELECTRONIQUES -

Partie 23: Spécification intermédiaire —
Condensateurs fixes pour montage en surface pour courant continu
a diélectrique en film de polynaphtalate d’éthyléne métallisé

omaine d’application

résente partie de I'lEC 60384 s’applique aux condensateurs fixes pour courant conti

es de brasure et sont destinés a étre montés directement sur des cartes-imprimées ou

nu a
ents
I de
des

subgtrats pour circuits hybrides. Ces condensateurs peuvent avoir des proprigtés

"aut
des
assi

La

préf
de |
perf

essgis spécifiées dans les spécifications particulieres se référant a la présente spécificd

pcicatrisantes” en fonction des conditions d’utilisation. lls sont principalement destin
applications dans lesquelles la composante alternative est faible’par rapport a la ten
jnée.

présente partie de I'I[EC 60384 spécifie les valeurs."assignées et caractéristig

h qualité appropriées, les essais et les méthodes-de mesure, et donne les exigence
brmances générales pour ce type de condensateur. Les sévérités et les exigences

Bs a
sion

jues

Brentielles, sélectionne, en se référant a I'lEC 60384£1:2021, les procédures d’assurgnce

5 de
des
tion

inte:lmédiaire ont un niveau de performance supérieur ou égal. Les niveaux de performance
inféllieurs ne sont pas autorisés.

Les | condensateurs d’antiparasitage e sont pas inclus, mais ils sont couverts | par
'EG 60384-14.

2 Références normatives

Les documents suivantsisont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des~exigences du présent document. Pour les références datées, spule
I’édifion citée s’applique. Pour les références non datées, la derniére édition du documert de

réfé

IEC

IEC

IEC

ence s’applique (y compris les éventuels amendements).

60062, Codes de marquage des résistances et des condensateurs

60063, Séries de valeurs normales pour résistances et condensateurs

60068-1:2013, Essais d’environnement — Partie 1. Généralités et lignes directrices

IEC 60384-1:2021, Condensateurs fixes utilisés dans les équipements électroniques — Partie 1:

Spé

cification générique

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

ISO

3, Nombres normaux — Séries de nombres normaux
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3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'|EC 60384-1:2021 ainsi
que les suivants s’appliquent.

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

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

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

3.1
conflensateurs de Classe 1
<lonjgue durée> condensateurs pour des applications longue durée avec des exigences strictes
poul les parametres électriques

3.2
congdensateurs de Classe 2
<usage courant> condensateurs pour application courante dont les exigences strictes pouf les
condensateurs de Classe 1 ne sont pas nécessaires

3.3
congdensateurs de Classe 3
<type miniature, basse température> condensateurs de type miniature ayant une tempérdture
assignée inférieure a 85 °C et pour lesquels des_eXigences moins strictes que pour les
condensateurs de Classe 2 sont acceptables

4 NValeurs assignées et caractéristiques préférentielles

4.1 Catégories climatiques préférentielles

Il cojnvient que les valeurs données-dans les spécifications particuliéres soient choisies parmi
les guivantes.

Les condensateurs pour montage en surface couverts par le présent document sont classéss en
catégories climatiques selon les régles générales données dans I'l[EC 60068-1:2013, AnnexXe A.

Les fempératures de catégorie inférieure et supérieure et la durée de I’essai continu de chgleur
humfide doivent &tre choisies parmi les valeurs suivantes:
temIérature de'la catégorie inférieure: -55 °C, -40 °C et -25 °C;

température de la catégorie supérieure: +85 °C (Classe 3 uniquement), +100 °C, +12p °C

et +155 °C;
durée de chaleur humide, essai continu: 27 jours et 56 jours.

En fonctionnement continu a 155 °C au-dela de la durée d’essai d’endurance, un vieillissement
accéléré doit étre réalisé (voir la spécification particuliere).

Les sévérités pour les essais de froid et de chaleur séche sont respectivement les températures
minimales et maximales des catégories.
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Valeurs assignées préférentielles

4.2.1 Capacité nominale (Cy)

Les valeurs préférentielles de capacité nominale doivent étre choisies dans la série E6 de
I'EC 60063:

1,0-1,5-2,2-3,3-4,7 et 6,8 et leurs multiples décimaux (x 107, n est un nombre entier).

Sid

4.2.2 Tolérance sur la capacité nominale

Les

4.2.3 Tension assignée (URy)

Les [valeurs préférentielles des tensions assignées qui doivent étre issues’de la série R1
I'SQ 3 sont:

1,0+ 1,6-2,5-4,0-5,0-6,3 et leurs multiples décimaux (x (10", n est un nombre entie

La

condensateur ne doit pas dépasser la tension assignée,

La vpleur de la tension alternative de créte ne doit'pas dépasser les pourcentages de la ten

assi

supgrieure a 280 V, sauf indication contraire dans la spécification particuliére.

4.2.

Lat

Lat

‘autres valeurs sont exigées, il convient de les choisir dans la série E12.

tolérances préférentielles sur la capacité nominale sont + 5 %, + 10 % et £+ 20%%.

somme de la tension continue et de la tension alernative de créte appliqués

gnée aux fréquences indiquées dans le<Tableau 1 et il convient qu’elle ne soit

Tableau 1 — Pourcentage limite de la tension assignée
a une fréquence de tension alternative

Fréquence de la tension alternative Limite en pou;(szz?gt:gz de la tension
Hz %
50 20
100 15
1000 3
10 000 1

4 Tension de catégorie (U¢)

D de

au

sion
pas

ension de la catégorie pour condensateurs de Classe 1 et de Classe 2 est:
pour la température de la catégorie supérieure 125 °C: 0,8 Ug;

pour la température de la catégorie supérieure 155 °C: 0,5 Ug.

ension de la catégorie pour condensateurs de Classe 3 est:

pour la température de la catégorie supérieure 100 °C: 0,8 Ug;

pour la température de la catégorie supérieure 125 °C: 0,5 Ug.
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4.2.5 Température assignée

Condensateurs de Classe 1 et de Classe 2
La valeur normalisée de la température assignée est 100 °C.
Condensateurs de Classe 3

La valeur normalisée de la température assignée est 85 °C.

5 Procédures d’essai et de mesure

5.1 Généralités

—_

Le présent Article 5 compléte les informations des articles pertinents de I'lEC60384-1:202

5.2 | Montage
5.2. Contrdles initiaux

La clapacité doit étre mesurée conformément a 5.4.2.
La tangente de I'angle de perte doit é&tre mesurée conformément a 5.4.3.

5.2.2 Méthode de montage
Voir|IEC 60384-1:2021, 5.5.

5.2.3 Controles finaux aprés le montage

Aprgs rétablissement, les condensateurs doivent étre mesurés et inspectés visuellement et
doivent satisfaire aux exigences indiquées dans le Tableau 9.

Les| valeurs mesurées sontlutilisées comme valeurs de contrdle initiales dans| les
soug-groupes 3.1, 3.2, 3.3 €1)3.4 du Tableau 8 et dans les sous-groupes C3.1, C3.2, C3|3 et
C3.4 du Tableau A.2.

5.3 Examen visuel“et controle des dimensions
5.3. Généralités

Voir{|[EC 60384-1:2021, 7.1, avec les détails de 5.3.2 et 5.3.3.

5.3.2 Examen visuel et controle des dimensions

L’équipement utilisé pour I'examen visuel doit offrir un grossissement d’environ 10x et un
éclairage approprié au spécimen soumis a I'essai et au niveau de qualité exigé.

Il convient que I'opérateur dispose d’équipements pour I'éclairage incident ou transmis ainsi
que d’équipements de mesure appropriés.

5.3.3 Exigences

Les condensateurs doivent étre examinés pour vérifier que les matériaux, la conception, la
construction, les dimensions physiques et la main-d’ceuvre sont conformes aux exigences
applicables données dans la spécification particuliere.
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5.4 Essais électriques
5.4.1 Tension de tenue
5.4.1.1 Généralités

Voir IEC 60384-1:2021, 6.2, avec les détails de 5.4.1.2, 5.4.1.3 et 5.4.1.4.

5.4.1.2 Circuit d’essai

Supprimer le condensateur C.

Le groduit de R, et de la capacité nominale du condensateur (Cy) en essai doit étresinférieur
ou égal a 1 s et supérieur a 0,01 s.

R, inclut la résistance interne de I'alimentation.
R, dpit limiter le courant de décharge a une valeur inférieure ou égale aj\1’A.

5.4.1.3 Conditions d’essai

Les ftensions indiquées dans le Tableau 2 doivent étre appliguées entre les bornes, les points
de mesure 1a) de I'lEC 60384-1:2021, Tableau 3, pendantiune durée de 1 min pour les egsais
d’hojmologation et pendant une durée de 1 s pour les essais de conformité de la qualité lot par
lot.

Tableau 2 — Tensions d’essai

Point de mesure Tension d’essai

Classe 1: 1,6 Uy
1a) Classe 2: 1,4 Ug

Classe 3: 1,4 Uy

5.4.1.4 Exigences

Auctin claquage ni€aontournement électrique ne doit étre constaté pendant I'essai.

NOTE La présencede claquages autocicatrisants pendant I'application des tensions d’essai est autorisée.

5.4.2 Capacité

5.4.21 Généralités

Voir IEC 60384-1:2021, 6.3, avec les détails de 5.4.2.2 et 5.4.2.3.

5.4.2.2 Conditions de mesure

La capacité doit étre mesurée ou corrigée a une fréquence de 1 kHz. Pour les valeurs de
capacité nominales supérieures a > 10 yF, les fréquences 50 Hz a 120 Hz peuvent étre
utilisées.

La tension de créte appliquée a 1 kHz ne doit pas dépasser 3 % de la tension assignée, et la
tension de créte appliquée a des fréquences allant de 50 Hz a 120 Hz ne doit pas dépasser
20 % de la tension assignée avec un maximum de 100 V (70 V efficace).
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5.4.2.3 Exigences

La capacité doit se situer dans la tolérance spécifiée.

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

5.4.3.1 Généralités

Voir IEC 60384-1:2021, 6.4, avec les détails de 5.4.3.2, 5.4.3.3, 5.4.3.4 et 5.4.3.5.

5.4.3.2 Conditions pour les mesurages a 1 kHz

Les [conditions d’essai sont les suivantes:

— fréquence: 1 kHz;

— tension de créte: <3 % de la tension assignée;

— imprécision: <10 x 1074 (valeur absolue).

5.4.3.3 Exigence pour les mesurages a 1 kHz

Tan|é ne doit pas dépasser les valeurs applicables indiquées dans-le Tableau 3.

Tableau 3 — Limites de la tangente de I’angle de perte

IEC 60384-23:2023 © |IEC 2023

Capacité nominale Tan ¢ (valeur absolue)
uF Condensateurs de Condensateurs de Condensateurs d¢
Classe 1 Classe 2 Classe 3
<1 0,006 0,010 0,010
> 1 0,007 0,010 0,010

5.4.3.4 Conditions pour les mesurages a 10 kHz

Pour les condensateurs dont lavaleur Cy < 1 yF, tan ¢ doit en outre étre

est ¢xigé dans le Tableau 9-pour certains essais.

— fréquence: 10 kHz;
— tension: 1V eff;
— imprécision: <10 x 1074 (valeur absolue).

5.4.3.5 Exigence pour les mesurages a 10 kHz

La trngente de I'angle de perte doit étre indiquée dans la spécification particuliére.

mesureée lorsque

cela

5.4.4 Résistance d’isolement

5.4.41 Généralités

Voir IEC 60384-1:2021, 6.1, avec les détails de 5.4.4.2 et 5.4.4.3.

5.4.4.2 Conditions de mesure

Avant l'essai, les condensateurs doivent étre nettoyés avec soin pour éliminer toute
contamination. La propreté doit étre maintenue dans les chambres d’essai et dans les lieux
dans lesquels s’effectuent les mesurages aprés les essais.
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Avant le mesurage, les condensateurs doivent étre complétement déchargés. Le produit de la
résistance du circuit de décharge par la capacité nominale du condensateur en essai doit étre
supérieur ou égal a > 0,01 s ou a toute autre valeur indiquée dans la spécification particuliére.

Les conditions de mesure doivent étre conformes a I'l[EC 60384-1:2021, 6.1.2. Les points de

mes

ure doivent étre conformes a I'lEC 60384-1:2021, Tableau 3.

La tension doit étre immédiatement appliquée avec une valeur correcte a travers la résistance
interne de la source de tension.

Le pfoduitde fa resistance Interne et de ta capacite nominale du condensateur doit etre nietieur
a 1 $ ou a toute autre valeur indiquée dans la spécification particuliére.
5.4.4.3 Exigences
La nésistance d’isolement doit satisfaire aux exigences du Tableau 4. Cepenpdant, dang les
essgis de conformité de la qualité lot par lot, la mesure peut étre interromplue au moment ou
les ljmites du Tableau 4 ont été atteintes, et donc avant un délai de 60 s,
Tableau 4 — Exigences relatives a la résistance-d’isolement
Plroduit minimal RC (R = résistance d’isolement Résistance d’isolement minimale entre les sortjes
entre les sorties)
(C = capacité nominale Cy)
s MQ
Cy > 0,33 uF Cy £ 0,33 yF
Tension ‘assignée
>100 V <100V >100V <100V
Classe:
1 2,3 1 2,3 1 2,3 1 2,3
1P 000 400 5000 400 30 000 1000 15 000 1000
NOTE MQ est utilisé au lieu de l'unite correcte GQ pour la commodité de I'utilisateur pour calculer correctement
la cpnstante de temps, et pour destaisons historiques.
Lorsque l'essai est ‘effectué a une température différente de 20 °C, le résultat doif, si
néce¢ssaire, étretcorrigé a 20 °C en multipliant le résultat de la mesure par le facteuf de
correction approprié. En cas de doute, la mesure a 20 °C est déterminante. Les facteurg de
correction duTableau 5 peuvent étre considérés comme une moyenne pour les condensatgurs

a filln de pelynaphtalate d’éthylene métallisé.

Tableau 5 — Facteur de correction en fonction de la température

Température Facteur de correction

°C

15 0,75
20 1,00
23 1,15
27 1,35
30 1,50
35 1,75
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5.5 Essai de cisaillement
5.5.1 Généralités

Voir IEC 60384-1:2021, 7.7.

5.5.2 Contrdles finaux

Les condensateurs doivent faire I'objet d’'un examen visuel et doivent satisfaire aux exigences

indiquées dans le Tableau 9 ou le Tableau A.2.

5.6 | Essai de pliage du substrat
5.6. Généralités

Voir|IEC 60384-1:2021, 7.8.

5.6.2 Contréles initiaux

La clapacité doit étre mesurée conformément a 5.4.2.

5.6.3 Controles finaux et exigences

La capacité doit étre mesurée avec la carte en position plige:

La vjaleur de la capacité et 'examen visuel doivent satisfaire aux exigences indiquées dans le

Tableau 9 ou le Tableau A.2.

5.7 | Résistance a la chaleur de brasage
5.7. Généralités

Voir|I[EC 60384-1:2021, 9.1, avec les détails de 5.7.2 et 5.7.5.

5.7.2 Contrdles initiaux

La capacité doit étre mesurée conformément a 5.4.2.
La tangente de I'angle~de perte doit é&tre mesurée conformément a 5.4.3.

5.7.3 Conditions d’essai

Les [conditions d’essai sont les suivantes:

— méthede: méthode 1 (bain de brasage) ou 2 (refusion), sauf indication contraire dans
la_spécification particuliere;
— durée: (5+0,5 s ou (10 % 1)s, sauf indication contraire dans la spécification

particuliére.

Si la méthode 1 est appliquée, la vitesse d’immersion et d’extraction doit étre comprise entre

20 mm/s et 25 mm/s.

5.7.4 Rétablissement

La période de rétablissement doit étre de (24 £ 2) h.
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5.7.5 Controles finaux et exigences

Aprés rétablissement, les condensateurs doivent étre mesurés et inspectés visuellement et
doivent satisfaire aux exigences suivantes:

Sous un éclairage normal et un grossissement d’environ 10%x, aucun signe de dommage, tel

que

des fissures, ne doit apparaitre.

La capacité et la tangente de I’angle de perte doivent satisfaire aux exigences indiquées dans
le Tableau 9 ou le Tableau A.2.

5.8
5.8.
Voir
5.8.]
Les
précg
Spéd
5.8.1

Le
gros

Les

mou

Zone.

5.9
5.9.
Voir

Les

5-9-A

La ¢

Brasabilité
Généralités
IEC 60384-1:2021, 9.2, avec les détails de 5.8.2 et 5.8.3.
p Conditions d’essai
conditions d’essai doivent étre indiquées dans la spécification particuliere.

onditionnement et le vieillissement ne sont pas exigés, sauf/indication contraire dar
ification particuliére.

B Controéles finaux et exigences

condensateur doit étre inspecté visuellement <SQus un éclairage normal et aved
sissement d’environ 10x. Aucun signe de dommage ne doit apparaitre.

Le
s la

un

zones a braser doivent étre recouvertes, d’'une couche de brasure lisse et brillant¢ ne

illées ou démouillées. Ces imperfections ne doivent pas étre concentrées sur une s

comIJortant que tres peu d’'imperfections isplées telles que des perforations ou des zones
|

Variations rapides de température
Généralités
IEC 60384-1:2021, 8.1, avec les détails de 5.9.2, 5.9.3 et 5.9.4.

condensateurs\doivent étre montés conformément a 5.2.

p Controles initiaux

apacite doit étre mesurée conformément a 5.4.2.

non
eule

La tangente de I'angle de perte doit étre mesuree conforméement a 5.4.3.

5.9.3 Conditions d’essai

Les conditions d’essai sont les suivantes:

Les condensateurs doivent étre soumis a 5 cycles d’essais.

Lad

urée d’exposition a chaque limite de température doit étre de 30 min.

5.9.4 Controéles finaux et exigences

Les condensateurs doivent faire I'objet d’'un examen visuel et doivent satisfaire aux exigences
indiquées dans le Tableau 9 ou le Tableau A.2.
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5.10 Séquence climatique
5.10.1 Généralités
Voir IEC 60384-1:2021, 8.2, avec les détails de 5.10.2 et 5.10.8.

Les condensateurs doivent étre montés conformément a 5.2.

5.10.2 Controles initiaux

La capacité doit étre mesurée conformément a 5.4.2.

La tangente de I'angle de perte doit é&tre mesurée conformément a 5.4.3.

5.10.3 Chaleur séche

Voir[IEC 60384-1:2021, 8.2.3.

5.10.4 Chaleur humide, cyclique, essai Db, premier cycle

Voir[IEC 60384-1:2021, 8.2.4.

5.10.5 Froid
Voir|IEC 60384-1:2021, 8.2.5.

5.10.6 Chaleur humide, cyclique, essai Db, cycles restants

Voir||[EC 60384-1:2021, 8.2.7, avec les détails,stivants:

Dang les 15 min qui suivent le retrait de 'essai de chaleur humide, la tension assignée doit
appliguée au point de mesure 1a) pendant 1 min, en utilisant les conditions du circuit d’es
indiquées en 5.4.1.2.

5.10.7 Rétablissement

La période de rétablissement doit étre comprise entre 1 h et 2 h, sauf indication contraire ¢
la spécification particufiere.

5.10.8 Contréoles.finaux et exigences

Aprds rétablissement, les condensateurs pour montage en surface doivent faire I'objet
examen visugel et étre mesurés, et doivent satisfaire aux exigences indiquées dans le Table
ou l¢ Tableau A.2.

étre
sais

lans

d’un
au 9

5.11 Chaleur humide, essai continu
5.11.1 Généralités

Voir IEC 60384-1:2021, 8.3, avec les détails de 5.11.2 et 5.11.5.
Les condensateurs doivent étre montés conformément a 5.2.

5.11.2 Controles initiaux

La capacité doit étre mesurée conformément a 5.4.2.

La tangente de I'angle de perte doit étre mesurée conformément a 5.4.3.
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