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Part 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2
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FOREWORD

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

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter [referred to as
ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inter
n the subject dealt with may participate in this preparatory work. Internatienal; governmental and
bvernmental organizations liaising with the IEC also participate in this preparatien. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance ‘Wwith conditions determine
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,‘as nearly as possible, an interna

cpnsensus of opinion on the relevant subjects since each technical ‘eommittee has representation fro

nterested IEC National Committees.

C Publications have the form of recommendations for interfational use and are accepted by IEC Na

Lblications is accurate, IEC cannot be held responsible/ for the way in which they are used or fo
isinterpretation by any end user.

I
Clommittees in that sense. While all reasonable efforts are 4made to ensure that the technical content o
P
m

order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Public3
pnsparently to the maximum extent possible in{their national and regional publications. Any diverd

In
tr]
between any IEC Publication and the corresponding’ national or regional publication shall be clearly indica
tH

e latter.

HC itself does not provide any attestation©f conformity. Independent certification bodies provide confg
Esessment services and, in some areasS;‘access to IEC marks of conformity. IEC is not responsible fo
ervices carried out by independent ceftification bodies.

| users should ensure that they have the latest edition of this publication.
o liability shall attach to IEC onits directors, employees, servants or agents including individual expert
her damage of any nature’ whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out-efithe publication, use of, or reliance upon, this IEC Publication or any othe
ublications.

tention is drawh, to" the Normative references cited in this publication. Use of the referenced publicatid
dispensable for the correct application of this publication.

a
]
A
N
mlembers of its technical committees and IEC National Committees for any personal injury, property dama|
o
e
P
A
n

9) Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subijé
p

made t

htent rights” IEC shall not be held responsible for identifying any or all such patent rights.

ising
mote

riternational co-operation on all questions concerning standardization in the electrical and~electronic fields. To
His end and in addition to other activities, IEC publishes International Standards, Technital Specificafi

psted
non-
psely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity

r any

and
ge or
and
IEC

ns is

ct of

has been made. Additions are in green text, deletions are in strikethrough red text.

ges

o the previous edition. A vertical bar appears in the margin wherever a change
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International Standard IEC 60384-22 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

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

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

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

q

OO 10 the extent practcapte, and for frarmonizing with TEC60384-2T;

b) deletion of the description on the permissible reactive power in 6.2.2 becausexit,is| not
appropriate for the purposes of this document;

c) the dimensions of 0201M in Annex A have been added.
The |text of this International Standard is based on the following documents:

FDIS Report on voting

40/2640/FDIS 40/2652/RVD

Fulllinformation on the voting for the approval of this International Standard can be fourjd in
the feport on voting indicated in the above table.
This|document has been drafted in accordance with.the 1SO/IEC Directives, Part 2.
A lidt of all parts in the IEC 60384 series, publishied under the general title Fixed capacjtors
for se in electronic equipment, can be foundn the IEC website.
The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this datesthe document will be
e rleconfirmed,
e Withdrawn,
o 1leplaced by a revised edition, or
e 3amended.
IMPDRTANT.~ The “colour inside” logo on the cover page of this publication indicptes

that
of it

5. Contents. Users should therefore print this publication using a colour printer.

it contains colours which are considered to be useful for the correct understanding
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1 —General

1

This| part of IEC 60384 is applicable to fixed unencapsulated surface mount’ multil
capacitors of ceramic dielectric, Class 2, for use in electronic equipment. Fhese capac

hav
prin

Cap
IEC

e

The
from

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

seve
speq
are

2

The

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

citeq
any

IEC
Amd
Amd

IEC
Amd

cope

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

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

et
object of this document is to prescribe preferred rdtings and characteristics and to se
IEC 60384-1 the appropriate quality assessment procedures, tests and measu
rities and requirements prescribed in detai specifications referring to this secti

ification-sheould-be are of equal or higher performance levels; lower performance le
not permitted.

Normative references

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

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

amendments) applies.

60063:1963, Preferred number series for resistors and capac
A 1h e S

ndment 2-(1977)

60068-1:4988 2013, Environmental testing — Part 1: General and guidance

ndment 1 (1992)

ayer
tors
on

blect
ring
Test
onal
vels

heir
ition
ding

tors

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

IEC

60068-2-58:2015/AMD1:2017

IEC 60384-1:2008 2016, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification

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

ISO

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

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

follo

wing apply.

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

3.1
surf]

multjlayer capacitor whose small dimensions and nature or shape of terminations ma
suitdble for surface mounting in hybrid circuits and on printed boards

3.2

fixefl-capaciters; capacitor of ceramic dielectric, Class 2

capacitor that has a dielectric with a high permittivity and is suitablesfor by-pass and coupling

appl

capa@citance are not of major importance

Note
temp

3.3
sub
max|

respect to the capacitance at 20 °C

Note

3.4

catgdgory temperature range
range—of ambient temperaturesikange for which the capacitor has been designed to opsd
continuously

Note

3.5
rate
TR
max

3.6
rate
Ug

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

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

ace mount multilayer capacitor

ications or for frequency-discriminating circuits where low l6sses and high stabilit

1 to entry: The ceramic dielectric is characterized by a non linear change of capacitance over the cat
brature range (see Table 3).

Class
mum percentage change of capacitance within the category temperature range

1 to entry: The subclass may be expressedsih code form (see Table 3).

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

[ temperature

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

e it

y of

bgory

with

rate

d_oc_voltage
~J

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

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

3.7

category voltage

Uc

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

4.1 General

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

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

NOTE The information given in 4.2 may-forconvenience; be presented in tabular form-fimore
conyenient.

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

4.2 | Outline drawing and dimensions

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

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

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

Whgn the configuration is otherthan described above, the detail specification shall state $uch
dime¢nsional information as wilkadequately describe the capacitors.

4.3 | Mounting
The|detail specification shall give guidance on methods of mounting for normal use. Mounting

for test and measurement purposes (when required) shall be in accordance with 8.4 of|this
sectjonal spedification.

4.4 | Rating and characteristics

4.4.. GCIICIG:

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

4.4.2 Nominal capacitance range

See 6.2.4.1.

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

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

4.4.4 Soldering

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

4.5 Marking

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

5 Marking

51 General

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

5.2 | Information for marking

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

— 1fated voltage (DC voltage may be indicated<by the symbol:___ [IEC 60417-5031(20024{10)]
qQr —);

— tplerance on nominal capacitance;

— dielectric subclass as applicable (in‘dccordance with 6.2.5);
— year and month (or week) of manufacture;

— manufacturer's name or trade mark;

— ¢limatic category;

— rmanufacturer's type_designation;

— neference to the-detail specification.

5.3 | Marking.en‘the body

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

5.4 Requirements for marking

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

5.5 Marking of the packaging

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

5.6 Additional marking

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

Preferred characteristics

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

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

with the general rules given in IEC 60068-1:2013, Annex A.
The|lower and upper category temperatures and the duration of the damp heat, steady“gtate
testshall be chosen from the following:
— Ipwer category temperature: -55 °C, -40 °C, -25 °C, -10 °C and+10 °C;
— ypper category temperature: +70 °C, +85 °C, +100 °C, +125 %€ and +150 °Cj};
— duration of the damp heat,

dgteady state test (40 °C, 93 % RH): 4,10, 21 and 56 days.
The|severities of the cold and dry heat tests are the lower and gpper category temperatures
respectively.
NOTE The resistance to humidity resulting from the above climatic, category is for the capacitors in|their
unmdunted state. The climatic performance of the capacitors after,mounting is greatly influenced by the moynting
subsfrate, the mounting method (see 8.4) and the final coating.
6.2 | Preferred values of ratings
6.2.1 Rated temperature (Tg)
The|rated temperature is equal to the upper category temperature for capacitors with| the
uppér category temperature not exceeding 125 °C, unless otherwise stated in the detail
spegification.
6.2.2 Rated voltage (Ug)
The|preferred values of the-rated voltage are the values of the R5 series of ISO 3. If dther
valugs are needed they shall be chosen from the R10 series.
The|sum of the DC voltage and the peak AC voltage or the peak to peak AC voltpge,
whighever is the-\greater, applied to the capacitor shall not exceed the rated voltage.{Fhe
valu of thewaak a3 ¢ voltage shall not-exceed-the value determined bv-the nermissible
codopolthe conde noeeolinoe oball nol coccnnd the vnlae coterminec b the coraogible
readtive-power:
6.2.8 Category voltage (Ug)

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

The preferred values of the category voltage at 125 °C upper category temperature for high
volumetric capacitors with a rated voltage of 16 V and less and a rated temperature of 85 °C
are given in Table 1.
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Table 1 — Preferred values of category voltages

U \Y 2,5 4 6,3

R

10

16

Uc \ 1,6 2,5 4

6,3

10

Ue = 0,63 x Up.

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

6.2.4 Preferred values of nominal capacitance and associated tolerance values
6.2.4.1 Preferred values of nominal capacitance
Nomlinal capacitance values shall be taken from the number series of IEC 60063; the E3
and |E12 series are preferred.
6.2.4.2 Preferred tolerances on nominal capacitance
SeeTable 2.
Table 2 — Preferred tolerances
Preferred series Tolerance Letter code
%
E3 and E6 —20/+80 z
—-20/+50 S
E6 £20 M
E6 and E12 +10 K
6.2.% Temperature characteristictof capacitance

Table 3 denotes with a cross the-preferred values of the temperature characteristic with
but a DC voltage applied«The method of coding the subclass is also given; for examy
ctric with a percentage*ehange of +20 % without DC voltage applied over the temperg
e from =55 °C to +125°C will be defined as a dielectric of subclass 2C1.

with
dielq
rang

The
the

sbame as thescategory temperature range.

temperature range for which the temperature characteristic of the dielectric is define

, E6

and
le a
ture

dis
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Table 3 — Temperature characteristic of capacitance

Maximum capacitance change within the Category temperature range and
category temperature range with respect to corresponding number code
Sub- the capacitance at 20 °C measured with and
class without a DC voltage applied -55/+150 | =55/+125 | =55/+85 | -40/+85 | -=25/+85 | +10/+85
letter % °C °oC °C °C °C °C
code
without DC with DC voltage applied
voltage applied (NOTE 1) 0 1 2 3 4 6
2B +10 X x X
2C +20 x X X
2p +20/-30 Requirements specified in X i
2 +22/-56 the detail specification « « «
2F +30/-80 X X X
2R +15 X X X X
NOHE When the upper category temperature is above 125 °C, the limits of capacitance change, hoth With and withou{ DC
voltgge applied, should be given in the detail specification.
NOTIE 1 DC voltage applied is either rated voltage or the voltage specified in the detail specification.
NOTIE 2 "x" indicates preferred.
NOTE See Annex C for the reference temperature of 25 °C as an informative guidance.
6.2.6 Dimensions
Suggested rules for the specification and coding of dimensions are given in Annex A.
Spegific dimensions shall be given in the detail, specification.
7 Ruality assessment procedures
7.1 | Primary stage of manufacture
The| primary stage of manufacture is the first common firing of the dielectric-electfode
assembly.
7.2 | Structurally,similar components
Cappcitors considered as being structurally similar are capacitors produced with sirilar
progesses and{materials, though they may be of different case sizes and values.
7.3 | Certified records of released lots
The Tmformation required M IEC 60384-12010, Q-9 Q.1.5, snall be made avaitable when

prescribed in the detail specification and when requested by a purchaser. After the endurance
test, the parameters for which variables information is required are the capacitance change,
tan ¢ and the insulation resistance.

7.4

Qualification approval

7.4.1 General

The procedures for qualification approval testing are given in IEC 60384-1:2016, Clause-Q-5

Q.2.
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The schedule to be used for qualification approval testing on the basis of lot-by-lot and
periodic tests is given in 7.5. The procedure using a fixed sample size schedule is given in
7.4.2 and 7.4.3.

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

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

For
maxjmum and minimum size and for each of these sizes, the maximum capacitance valug¢ for
the highest rated voltage and minimum rated voltage of the voltage ranges for which. apprnoval
is squght. When there are more than four rated voltages, an intermediate voltage shall alsp be
tested. Thus, for the approval of a range, testing is required of either four jorsix values
(capacitance/voltage combinations) for each temperature characteristic. Where.the total range
congists of-less fewer than four values, the number of specimens to be tested shall be|that
reqgyired for four values.

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

Twol (for six values) or three (for four values) per value may_be used as replacementg for
speg¢imens that are non-conforming because of incidents not.attributable to the manufacturer.

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

Whgn additional groups are introduced into *the qualification approval test schedule,| the
numpper of specimens required for Group 0.8hall be increased by the same number as|that
reqyired for the additional groups.

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

7.4.8 Tests

The|complete series of tests specified in Table 4 and Table 5 are required for the approvpl of
capacitors covered hy-one detail specification. The tests of each group shall be carried oyt in
the ¢rder given.

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

Nonteobforming specimens found during the tests of Group 0-(acecording-to-TFable-4) shal| not

be usedforthe other groups:

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

NOFE Table 4 and Table 5 together form the fixed sample size test schedule. Table 4 includes
the details for the sampling and permissible non-conforming items for the different tests or
groups of tests. Table 5 together with the details of the test contained in Clause 8 gives a
complete summary of test conditions and performance requirements and indicates where, for
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example for the test method or conditions of test, a choice-has-te shall be made in the detail
specification.

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

Group Test Subclause of Number of Permissible
this publication specimens number of
No. . nonconforming
n items
c
0 Visual examination 8.5
Dimensions 8.5 132 + 24f 0
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
Spare specimens 12
A Robustness of termination 9 8.16 12 0
Resistance to soldering heat 8.10
Component solvent resistance ° 8.17
1B Impedance ° 8.6.5 12 0
Equivalent series resistance [ESR] ° 8.6.6
Solderability 8.11
Solvent resistance of marking ° 8:18
p Substrate bending test 9 8.9 12 0
3|2 Mounting 8.4
Visual examination 8.5 84 +24fF o¢
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
3[1 Shear test" 8.8 24 0
Rapid change of temperature 8.12
Climatic sequence 8.13
3|2 Damp heatj steady state 8.14 24 0
3|3 Endurance 8.15 36 0
3|4 Ac€elerated damp heat, steady state P 8.19 24f 0
| Temperature characteristic of capacitance 8.7 12 0
a8 Thewalues of these measurements serve as initial measurements for the tests of Group 3.

b If required in the detail specification.

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

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

€ Capacitance/voltage combinations, see 7.4.2.
f Additional capacitors, if Group 3.4 is tested.
9 Applicable to capacitors with strip terminations.

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

Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 0 ND See Table 4
8.5 Visual examination As in 8.5.3
| c\gihln m::rlzing and-as
specified in the detail
specification
8.5 Dimension (detail) See the detall
specification
8.6.]l Capacitance Frequency: ... Hz Withinspecified tolerapce
Measuring voltage:...V RMS
8.6.p Tangent of loss Frequency and Measuring As in 8.6.2.3
angle (tan o) voltage same as in 8.6.1
8.6.B Insulation resistance See detail specification for As in 8.6.3.4
the method
8.6.4 Voltage proof See detail specification for No breakdown or
the method flashover
GRQUP 1A D See Table 4
8.14 Robustness of Test Ua,, Force:2,5 N
termination
(If applicable) Test Ub, Method 1,
Force:2,5 N
Number ofbends:1
Visual examination No visible damage
8.1(Q.3 Initial measurement Capacitance
8.1d Resistance to Special'preconditioning as in
soldering heat 8.2
See-detail specification for
the method
Recovery: (24 + 2) h
8.1Q.6 Final measurement Visual examination As in 8.10.6
Capacitance As in 8.10.6
8.17 Component salvent Solvent: ... See detail specification
Eisrlgtar']rceed) Solvent temperature:...
i ui
a Method 2
Recovery: ...
GRQUP 1B D See Table 4
8.6.p \ Impedance Frequency: 100 kHz See detail specification
(if required)
8.6.6 ESR (if required) Frequency: 100 kHz See detail specification
8.11  Solderability See detail specification for
the method
8.11.4 Final measurements Visual examination As in 8.11.4
8.18  Solvent resistance of Solvent: ... Legible marking

the marking 2
(if required)

Solvent temperature: ...
Method 1

Rubbing material: cotton wool
Recovery: ...
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 2 D See Table 4
8.9 Substrate bending Deflection: ... See detail specification
test Number of bends: ...
8.9.2 Initial measurement Capacitance
8.9.B Final inspection Capacitance (with printed lacic| <10 %
board in bent position)
Visual examination No visible damage
GROQUP 3 D See Table 4
8.4| Mounting Substrate material: ...P
Visual examination As-in|8.5.3
Capacitance WitHin specified tolerapce
Tangent of loss angle As in 8.6.2.3
Insulation resistance Asin 8.6.3.4
Voltage proof No breakdown or
flashover
GRQUP 3.1 D See Table 4

8.8 Shear test

Visual examination

No visible damage

8.14.3 Initial measurement Capacitance
8.17 Rapid change of Special preconditioning as in
temperature 8.2
T, = Lower category
temperature
Tg = Upper category
temperature
Five cycles
Duration t;= 30 min
Recovery: (24 £ 2) h
8.13.6 Final measurements Visual examination No visible damage
Capacitance ACIC: as in 8.12.6
8.13 Climatic sequence Special preconditioning as in
8.2
8.13.3 Initial Measlrement Capacitance
8.13.4 Dry heat Temperature: upper category
temperature
Duration: 16 h
8.13.5¢Damp heat, cyclic,
fest Db, first cycle
8.13.6 Cold Temperature: lower category
temperature
Duration: 2 h
Visual examination No visible damage
8.13.7 Damp heat, cyclic, Recovery: (24 + 2) h

test Db, remaining
cycles

8.13.8 Final measurements

Visual examination

Capacitance
Tangent of loss angle
Insulation resistance

No visible damage
Legible marking

AC/C: as in 8.13.8
As in 8.13.8
As in 8.13.8
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 3.2 D See Table 4
8.14 Damp heat, steady Special preconditioning as in
state 8.2
8.14.3 Initial measurement Capacitance
RECOVeTy: (24 £ Z) N
8.14.6 Final measurements Visual examination No visible damage
Legible marking
Capacitance AC/C: as in 8.24.6
Tangent of loss angle As in 8.14:6
Insulation resistance As in 8.14.6
GRQUP 3.3 D See Table 4
8.11 Endurance Special preconditioning as in
8.2
Duration: ... h
Temperature: ...°C
Voltage: ...V
8.14.3 Initial measurement Capacitance
Recovery: (24 +2) h
8.14.6 Final measurements Visual examination No visible damage
Legible marking
Capacitance AC/C: as in 8.15.6
Tangent of loss angle As in 8.15.6
Insulation resistance As in 8.15.6
Group 3.4 D See Table 4
8.19 Accelerated damp Duration: ... h
heat,_ steady state (if Temperature: (85 + 2) °C
required) o
Humidity: (85 + 3) % RH
8.19.2 Initial measurement Insulation resistance As in 8.19.2
8.19.5 Final measurement Recovery: (24 £2) h As in 8.19.5
Insulation resistance
Group 4 ND See Table 4

8.7 Temperdture
characteristic of
capacitance

Special preconditioning as in
8.2

AC/C: as in 8.7.3

NOTEA, “Subclause numbers of test and performance requirements refer to Clause 8.

NOTE 2

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

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

b

which substrate material is used in each subgroup.

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

7.5.1 Formation of inspection lots

7.5.1.1 Groups A and B inspection

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

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

1) ThC ;IIDPC\.’t;UII :Ut aha“ bUIID;Dt Uf atluutuna“y D;III;:C{I L:Cl'JaL:;tUID (QCC 7.2).

2a) [The sample tested shall be representative of the values and the dimeny
contained in the inspection lot:
— in relation to their number;
— with a minimum of five of any one value.

2b) |If there are-less fewer than five of any one value in the sample the basis for the dra
of samples shall be agreed between the manufacturer and thexNational-Supervi
Inspectorate® certification body (CB).

7.5.1.2 Group Cinspection

Thege tests shall be carried out on a periodic basis.

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

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

peri
size
rangd

7.5.

The
in C

7.5.

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

p Test schedule

ause 2.—Fable-4 of the blank detail specification.

B Delayed delivery

ions

ving

shall
any
ther
hole

schedule for the lot-by-lot and~periodic tests for quality conformance inspection is gliven

Lthas
and

Whgn, in accordance-with the procedures of IEC 60384-1:2016,-Q-40 Q.1.7, re-inspection

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

B ingpection.

7.5.4 Assessment levels

The|assessment level(s) given in the blank detail specification—shalpreferably ShOUIT be
selected from Table 6 and Table 7.

1 The term Certification Body (CB) replaces the term National Supervising Inspectorate (NSI), see IECQ 01.
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Table 6 — Lot-by-lot inspection

Inspection EZ

subgroup? L ne ca
A0 100 %P
Al S-4 ¢ 0
A2 s-3 ¢ 0
B1 S-3 ¢ 0
B2 S - o

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

fhe inspection shall be performed after removal of nonconforming items by 100 %° testing during|the
manufacturing process. Whether the lot was accepted or not, all samples for sampling inspection shall be
performed inspected in order to monitor outgoing quality level by nonconforming item's [pér million (x 1076).

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

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

phole-sample-shall-be-inspected-and all nonconforming items shall be (counted for the calculation of quplity
evel values. Outgoing quality level by nonconforming items per milligh/(x 107%) values shall be calculatefl by
hccumulating inspection data in accordance with the method givendn lEC 61193-2:2007, 6.2.

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

Fhe content of the inspection subgroup is described in Clause 2 of the relevant blank detail specification.

Table 7 — Periodic test

EZ
Inkpection subgroup ® 00 na c?
- 3 12 0
- 3 12 0
c3.1 6 27 °
C3.2 6 15 °
C3.3 3 15 °
c3.4°¢ 6 1 °
ca 6 ° °

a8 p = periodicity in months

N = sample size

L =\permissible number of non-conforming items
b . ) ) )

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

¢ If required.

8 Test and measurement procedures

8.1 General

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

Unless otherwise specified in the detail specification, the special preconditioning, when
specified in this sectional specification before a test or a sequence of test, shall be carried out
under the following conditions.

Exposure at upper category temperature or at such higher temperature as may be specified in
the detail specification during 1 h, followed by recovery during (24 = 1) h under standard
atmospheric conditions for testing.

NOTE__Capacitors lose capacitance continuously with time in_accordance with a logarithmic law (this is called

agein
agein
time

regar

8.3

See

8.4

See

8.5
8.5.

See

8.5.

A Vi
mag
requ

NOTH
well

8.5.

8.5.

g). However, if the capacitor is heated to a temperature above the Curie point of its dielectric, then
g" takes place, i.e. the capacitance lost through "ageing" is regained, and "ageing" recommences fro
vhen the capacitor recools. The purpose of special preconditioning is to bring the capacitor to a definéd
dless of its previous history (see Clause B.4 for further information).

Measuring conditions

IEC 60384-1:2016, 4.2.1.

Mounting

IEC 60384-1:2016, 4.33.

Visual examination and check of dimensions
| General

IEC 60384-1:2016, 4.4, with the details of 8.5.2"and 8.5.3.

p Visual examination

Sual examination shall be carried out with suitable equipment with approximately

nification and lighting appropriate” to the specimen under test and the quality |
ired.

E The operator should have’ available facilities for incident or transmitted illuminatio
as an appropriate measuring facility.

B Requirements

8.1 Genenal

Qua

titative( values for the requirements below may be given in the detail or in

manjufacturer's specification.

8.5.%

"de-
h the
state

10 x
evel

N as

the

2 anuirnmnnfe forthe ceramic

Requirements for the ceramic are as follows:

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

o

IEC

Figure 1 — Fault: crack or fissure
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IEC

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

b)

c)

d)

8.5.

Figure 2 — Fault: crack or fissure

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

Separation or
delamination

Crack

IEC

Figure 3 — Separation or delamination

Not exhibit exposed electrodes between the two t€rminations (see Figure 4).

Exposed electrodes
IEC
Figure 4 — Exposed electrodes
The ceramic body shall be free of any conducting smears (metallization, tinning, etc.)

between those (Annex A, dimension L,).

8.3 Requirements for the metallization

Reqpirements for the metallization are as follows:

a)

Notvexhibit any visible detachment of the metallized terminations and not exhibit

citor

pn a

entral zone between two adjacent terminations which is equal to the minimum distance

any

exposed electrodes (see Figure 4).

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

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

principal.

The maximum area of gaps in metallization on each principal face shall not be greater than
15 % of the area of that face; these gaps shall not be concentrated in the same area. The
gaps in metallization shall not affect the two principal edges of each extremity of the block (or
four edges for square section capacitors). Dissolution of the end face plating (leaching) shall
not exceed 25 % of the length of the edge concerned.
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E
B
, / C
/ PTincipal edges
D IEC
Figure 5 — Principal faces
8.6 | Electrical tests
8.6.1 Capacitance
8.6.1.1 General
See|lEC 60384-1:2016, 4.7, with the details of 8.6.1.2 and 8.6/1.3.
8.6.1.2 Measuring conditions
See|Table 8, unless otherwise specified in the detailspecification.
Table 8 — Measuring conditions
Nominal Rated voltage krequency Measuring voltage Referee voltage
capacitance Ug V RMS V RMS
Cy < 100 pF é 1 MHz 1,0 £0,2 1,0 + 0,02
100/ pF < C < 10 pF Ug>6,3V 1 kHz 1,0+0,.2 1,0 + 0,02
Up < 873V 1 kHz 0,5+0,2 0,5 + 0,02
Cy> 10 pF N 100 Hz or 120 Hz 0,5+0,2 0,5 + 0,02

All rated voltages (Ug):

8.6.

The
valu

.3 Reguirements

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

ated

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

For referee measurements, the capacitance value shall be the value extrapolated to an
ageing time of 1 000 h, unless otherwise specified in the detail specification (see Annex B for
explanations). If applying the ageing time other than 1 000 h, that may be specified in the
detail specification.

8.6.2 Tangent of loss angle (tan §)

8.6.2.1 General

See

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

The measuring conditions are the same as those of 8.6.1. The inaccuracy of the measuring
instruments equipment shall not exceed 1 x 1073,

8.6.2.3 Requirements

The tangent of loss angle as measured in the unmounted state shall not exceed the limit given
in Table 9.

Tahle 9 — T:mgnn'r aof lass :mglp limits

Rated voltage Subclass Tangent of loss angle
Ug Lo
Ug>10V All subclass codes Not exceed 0,035 or value as may be given’in the detail
specification
Ug <10V 2B, 2C, 2R 0,1
2D, 2E 0,15
2F 0,2

NOTE See 6.2.5 for an explanation of the subclass codes.

Theltangent of loss angle as measured in the mounted state in accordance with Group 3 i for
refefence purposes only in further tests.

8.6.8 Insulation resistance
8.6.8.1 General

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

8.6.8.2 Preparation for test

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

Car¢ shall be taken te_maintain cleanliness in the test chambers and during post [test
measurements. Beforeithe measurement, the capacitors shall be fully discharged. |The
insujation resistance shall be measured between the terminations.

8.6.8.3 Measuring conditions

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

Thelmeasuring voltage may he of any value naot greater than Lo the referee voltage heing Ug,
for a capacitors with a rated voltages below or equal to 1 kV. For Ug > 1 kV the referee
voltage shall be 1 kV.

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

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

The product of the internal resistance of the voltage source and the nominal capacitance of
the capacitor shall not exceed 1 s, unless otherwise prescribed in the detail specification.
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The charge current shall not exceed 0,05 A. For capacitors with rated voltages of 1 kV and
above, a lower limit (value) may be given in the detail specification.

8.6.3.4 Requirements

The

insulation resistance shall meet the following requirements.
Cy<25nF R, >4 000 MQ
Cy > 25 nF R x Gr C, >100s

8.6.4
8.6.1

See

8.6.4
The

NOTE
4.6.1p.

The

For
be d
be p

8.6.1

The
of 8
testi

| Voltage proof
.1 General

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

.2 Test conditions

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

R, is a charging resistor that includes the internal resistance of the’yveltage source. See IEC 60384-1:
D

charge current shall not exceed 0,05 A.

capacitors with rated voltages of 1 kV and above, a lower charge current limit value
iven in the detail specification. To protect.the capacitors against flashover, the test
erformed in a suitable insulating medium,

1.3 Test voltages

6.3 and Table 3 in IEC 60384-1:2016, for a period of 1 min for qualification apprn
hg and for a period of 1 s ferthe lot-by-lot quality conformance testing.

Table 10 — Test voltages

016,

may
may

test voltages in accordance with~Table 10 shall be applied between the measuring pgints

oval

Rated voltage Test voltage
\ \

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

500 < U, < 1 000 1,3 U,
Ug 21 000 1,2 U,

8.6.4.4 Requirement

There shall be no breakdown or flashover during the test.

8.6.5 Impedance (if required by the detail specification)

8.6.5.1 General

See

IEC 60384-1:2016, 4.10, with the details of 8.6.5.2 and 8.6.5.3.
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8.6.5.2 Measuring conditions

The

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

8.6.5.3 Requirements

Impedance shall be specified in the detail specification.

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

8.6.6.1 General

See

8.6.

The

8.6.

The

8.7
8.7.

See

8.7.

See

The

IEC 60384-1:2016, 4.8.2, with the details of 8.6.6.2 and 8.6.6.3.

5.2 Measuring conditions

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

5.3 Requirements

ESR shall be specified in the detail specification.

Temperature characteristic of capacitance
| Special preconditioning

8.2.

p Measuring conditions

IEC 60384-1:2016, 4.24.1, with the follawing details.

capacitors shall be measured-in the unmounted state as well as the condition

Table 11.

5

of
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Table 11 — Details of measuring conditions

Measuring step Temperature DC voltage applied
°C

20+ 2 -

T,2+3 -

20+ 2 -

b
TP +2 -

Tgt2 X

20+ 2 X

Tpox3 X

I N|[ojfla|bd>|]wW|DN]|PF

20+ 2 -

NOTE Measurements may be made at such intermediate temperatures as to ensure
that the requirements of 6.2.5 are met.

NOTE 1 "-" indicates: no DC voltage applied
"x" indicates: DC voltage applied (if specified in the detail.specification)

NOTE 2 Reference capacitance is the capacitance measured af/Step 3.

NOTE 3 Because of the effects described in the Note/in*8.2, the capacitance
values measured at temperature reference, Steps 5 to /7,"with DC voltage applied,
are time dependent. This time dependency is included in the given limits for
capacitance change. The capacitance change between the first and the last
measurements at temperature reference, Steps/Inand 8, indicates the amount of
ageing involved. In the case of a dispute about the results of measurements with
DC voltage applied, it is advisable to agree upon a fixed time interval between
measurements at temperature reference, Steps 5 and 7 with DC voltage applied
(see IEC 60384-1:2016, 4.24.1.3).

& T, = Lower category temperaturex

b Tg = Upper category temperatuse.

8.7.8 Requirements

Temperature characteristic(with and without DC voltage applied shall not exceed the values

giveh in Table 3. The variation of capacitance shall be calculated in accordance
IEC[60384-1:2016, 4.24.3.1.

8.8 Shear test

See|lEC 60384-1:2016, 4.34.

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

with

=)

8.9 Substrate bending test
8.9.1 General

See |[EC 60384-1:2016, 4.35.

Unless otherwise specified in the detail specification,

— the deflection D shall be selected from 1 mm, 2 mm or 3 mm,
— the number of bends shall be 1 time,
— the radius of the bending tool shall be 5 mm.
NoTFE When the deflection D is 2 mm or less, the radius may be 230 mm.
— the duration in the bent state shall be 5 s.
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1005M or smaller size, the thickness of substrate should be 0,8 mm.

8.9.2 Initial measurement

The

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

8.9.3 Final inspection

The capacitors shall be visually examined and there shall be no visible damage.
The charge-ef-capacitance-with-beardr-bentpositiershalnot-exceed10-%-
8.10 Resistance to soldering heat

8.10.1 General

See|lEC 60068-2-58 with the details of 8.10.2 to 8.10.6.

8.10.2 Special preconditioning

See|8.2.

8.10.3 Initial measurement

The|capacitance shall be measured in accordance with{8.6.1.

8.10.4 Test conditions

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

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

See|lIEC 60068-2-58:2015,Clauses6yahd-8 Test Td,, Method 1, with the following detai
not ptherwise specified in the detail~specification.

The|specimen shall be preheated to a temperature of 110 °C to 140 °C and maintaineq
30 s|to 60 s.

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

Temperature: 260°C +5°C

Duration of immersion: 10s+1s

Depth of immersion: 10 mm

Number(ofjimmersions: 1

s, if

| for

8.10

See

.4.2 Infrared and forced gas convection soldering system

IEC 60068-2-58:2015,-Clauses7-ahd-8 Test Td,, Method 2, with the following details:

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

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

c) t

he terminations of the specimen shall be placed on the solder paste;

d) solder alloy: Sn-Pb;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 + 10) °C and maintained for 60 s to 120 s in
infrared and forced gas convection soldering system;
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the temperature of the reflow system shall be quickly raised until the specimen has
reached (235 + 5) °C and maintained at this temperature for (10 + 1) s;-Numberof-each
1 | : o i | fication.
e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the reflow temperature profile shall
be selected from Table 12 and Figure 6;

Table 12 — Reflow temperature profiles for Sn-Ag-Cu alloy

Alloy composition T T t T t T t

1 2 1 3 2 4 3
°C °C s °C s °C s

Leafl-free solder | Test 1 150+ 5 180 £5 120 +£5 220 60 to 90 250 20to 40 atT-p K

(SnyAg-Cu) Test2 | 150+5 | 180+5 | 120+5 | 220 <60 255 <20@yT, - 10K

A

\i

A
Y

A
Y

Y

IEC

Figure 6)— Reflow temperature profile

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

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

8.10.5 Recovery

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

8.10.6%¢ Final inspection, measurements and requirements

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

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

Dissolution of the end face plating (leaching) shall not exceed 25 % of the length of the edge
concerned. The detail specification may prescribe further details.

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

Subclass Requirements

2B and 2C +10 %

2D and 2R +15 %

2E and 2F +20 %
NOTE See 6.2.5 for an explanation of the subclass codes.

8.11 Solderability

8.11.1 General

See|lEC 60068-2-58 with the details of 8.11.2 to 8.11.4.

8.11.2 Test conditions

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

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

See|lEC 60068-2-58:2015, Clauses6-—=anrd-8 Test Td«Method 1, with the following detai
not ptherwise specified in the detail specification.

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

Solder alloy: Sn-Pb Sn-Ag-Cu

Temperature: (235 £ 5) °C (245 £ 5) °C

Duration of immersion: (2+0,2)5 (3%£0,3)s

Depth of immersion: 10.mm 10 mm

Number of immersions: 1 1

8.11,.2.2 Infrared_and forced gas convection soldering system

See

IEC 60068~2-58:2015,-Clauses—7-ahd-8 Test Td,, Method 2, with the following details;

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

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

s, if

B30 s

c) t

he terminations of the specimen shall be placed on the solder paste;

d) solder alloy: Sn-Pb;

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

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

r

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

e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 + 5) °C to (180 + 5) °C for 60 s to 120 s in the
infrared and forced gas convection soldering system;
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the temperature of the reflow system shall be quickly raised until the specimen has
reached (235 £ 3) °C. The time above 225 °C shall be (20 + 5) s;

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

The flux residues shall be removed with a suitable solvent.

8.11.4 Final inspection, measurements and requirements

The capacitors_shall be visually examined under normal lighting _and approximately 10x
magification. There shall be no signs of damage.

Bothl end face and the contact areas shall be covered with a smooth and bright sqlder
coating with no more than a small amount of scattered imperfections such _as_pinholejs or
unwgtted or de-wetted areas. These imperfections shall not be concentrated in‘one area.

The|detail specification may prescribe further requirements.

8.12 Rapid change of temperature
8.12.1 General

This| test shall be applied only to capacitors for which the category temperature is grgater
110[°C.

See|lEC 60384-1:2016, 4.16, with the details of 8:12.2 to 8.12.6.
The|capacitors shall be mounted in accordance with 8.4.

8.12.2 Special preconditioning

Seel8.2.

8.12.3 Initial measurement

The|capacitance shall be measured in accordance with 8.6.1.

8.12.4 Number of ¢cycles

The|number of cycles: 5

Durationof.exposure at the temperature limits: 30 min.

8.12-5—Retuovery

The capacitors shall recover for 24 h + 2 h.

8.12.6 Final inspection, measurements and requirements

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

The capacitance shall be measured in accordance with 8.6.1 and the change shall not exceed
the value in Table 14.
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Table 14 — Maximum capacitance change

Subclass Requirements

2B and 2C +10 %

2D and 2R +15 %

2E and 2F +20 %
NOTE See 6.2.5 for an explanation of the subclass codes.

8.10 Clllldtlb SCYuUcCIite

8.13.1 General

See|lEC 60384-1:2016, 4.21, with the details of 8.13.2 to 8.13.8.

8.13.2 Special preconditioning

See|8.2.

8.13.3 Initial measurement

The|capacitance shall be measured in accordance with 8.6.1.

8.13.4 Dry heat

See|lEC 60384-1:2016, 4.21.3.

8.13.5 Damp heat, cyclic, Test Db, first cycle

See|lEC 60384-1:2016, 4.21.4.

8.13.6 Cold

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

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

8.13.7 Dampsheat, cyclic, Test Db, remaining cycles
8.13.7.1 &enheral

See|lEC60384-1:2016, 4.21.67, with the details of 8.13.7.2 and 8.13.7.3.

8.13.7.2 Test conditions

No voltage applied.

The remaining cycles shall be tested in accordance with Table 15.
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— 35 —

Table 15 — Number of damp heat cycles

Category No. of cycles of 24 h
-/ —156 5
-/ =121 1
-/-1/10 1
-/ —104 0

The

8.13.

The

The

If th

mealsurements have been made the capacitor shall be preconditioned in accordance with
then the requirement in Table 16 shall be met.

and

3
capacitors shall recover for 24 h + 2 h.

8 Final inspection, measurements and requirements

capacitors shall be visually examined. There shall be no visible damage.
capacitors shall be measured and shall meet the requirements in Féble 16.

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

Table 16 — Final inspection, measurements and requirements

ther
8.2

Requirements
M t Measuring
gasuremen conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Caplacitance 8.6.1 AC/IC <10 % AC/IC<+15% AC/C <£20 % AC/C < + 30| %
Tangent of loss 8.6.2 <2 x value of 8.6.2
angle
Insylation 8.6.3 R;>1000MQorR; x C >25s
resigtance o (whichever is less of the two values)
NOTE See 6.2.5 for an explanation of the subclass codes.

8.14

8.14.

See

The

Damp heat,'steady state

1 Gene

rad

IEC,60384-1:2016, 4.22, with the details of 8.14.2 to 8.14.6.

8.14.2 Special preconditioning

See

8.14

8.2.

.3

Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.14.4 Test conditions

No voltage shall be applied, unless otherwise specified in the detail specification.
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The severity of the test should be selected from the test conditions as shown in Table 17 and
be specified in the detail specification.

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

Table 17 — Test conditions for damp heat, steady state

Severity Temperature Relative humidity
°C %
TOO T £ 00 T 35
+60 £ 2 93+3
+40 £ 2 93+3

Wh4gn the application of voltage is prescribed, Ui shall be applied to one half of the lot anfl no
voltage shall be applied to the other half of the lot.

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

NoTE Due—to For safety reasons, different conditions for the application of voltage¢ to

capd@citors with rated voltages of 1 kV-and or above may, be given in the detail specificatio

8.145

Recovery

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

8.146

Final inspection, measurements and requirements

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

The|capacitors shall be measured and shall meet the requirements in Table 18.

=

If tHe capacitance value’is less than the minimum value permitted, then after the dther
mealsurements have been made, the capacitors shall be preconditioned in accordance |with
8.2 and then the reguirement in Table 18 shall be met.

Table 18 — Final inspection, measurements and requirements

Requirements

M t Measuring

qasuremen conditions Subclasses Subclasses Subclasses Subclassds
2B and 2C 2D and 2R 2F 2F

Capacitance 8.6.1 AC/IC<+£10% AC/IC<+£15% AC/IC <+20 % AC/C £ +30 %

Tangent of loss

angle 8.6.2 < 2 x value of 8.6.2

Insulation 8.6.3 R;>1000 MQorR, x C>25s

resistance o (whichever is less of the two values)

NOTE See 6.2.5 for an explanation of the subclass codes.

8.15 Endurance

8.15.1

General

See |IEC 60384-1:2016, 4.23, with the details of 8.15.2 to 8.15.6.
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The capacitors shall be mounted in accordance with 8.4.

8.15.2 Special preconditioning

See

8.15.3

8.2.

Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.154—TFest-econditions
If the category voltage is equal to the rated voltage, the capacitors shall be“tested as in
Table 19.

Table 19 — Endurance test conditions (Us = Ug)

Lif Ug <200 200 < U, < 500 Ug > 500
Tgmperature Upper category tempgerature
vdltage (DC) 1,5 Ug 1,3 U% 1,2 Ug

Duration 1 000 h 1600 h 2000 h
If thp category voltage is not equal to the rated. voltage, the capacitors shall be tested as in
Table 20.
Table 20 — Endurance test conditions (U # Ug)

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

Duration 1000 h 1500 h 2000 h
Sample Divided into two parts Divided into two parts Divided into two parts|
Tr 7 Rated temperature-
Tg 4 Upper category temperatures > 85 °C, such as 100 °C.

8.15

.5/ Recovery

The capacitors shall recover for 24 h + 2 h.

8.15.6 Final inspection, measurements and requirements

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

The capacitors shall be measured and shall meet the requirements in Table 21.

If the capacitance value is less than the minimum value permitted, then after the other
measurements have been made the capacitor shall be preconditioned in accordance with 8.2
and then the requirement in Table 21 shall be met.
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Table 21 — Final inspection, measurements and requirements of endurance test

Requirements
M t Measuring
easuremen conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 8.6.1 AC/IC<+10% AC/IC<+15% AC/IC <20 % AC/IC £ +30 %
Tangent of
loss angle 8.6.2 < 2 x value of 8.6.2
Insulation 8.6.3 R;>2000 MQ orR;x C >50s
resistance e (whichever is less of the two values)
NOTE See 6.2.5 for an explanation of the subclass codes.

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

8.14.1 General

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

8.16.2 Test conditions

Unlgss otherwise specified in the detail specification, the conditions of the tests are as fol
— TestUay: force: 2,5 N;

— Test Ub, Method 1: force: 2,5 N;

— number of bends: 1.

8.16

The

8.17

See

8.18

See

8.19

8.19.

See

.3 Final inspection and requirements

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

Component solvent resistance (if required)

IEC 60384-1:2016, 4.31,

Solvent resistanece of the marking (if required)

IEC 60384-1:2016, 4.32.

Accelerated damp heat, steady state (if required)
1 General

IEC60384-1:2016,-4-37 Annex H, with the details of 8.19.2 to 8.19.5.

OWS:

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

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

+10

8.19

%.

.2 Initial measurement

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

appl

ied across the capacitor and resistor in series.

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

Tabl

e 22.
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Table 22 — Initial requirements

Measurement Measuring Requirements

conditions

Insulation

Connected to Cy < 25 nF: R, 2 4 000 MQ

100 kQresistors | ¢ 5 25 nF: (R, - 100 kQ) x-Cx C,, > 100 s

. (1,5+0,1) vV
t .
resistance Connected to Cy <25 nF: R, > 4 000 MQ
6.8 kQ resistors | C > 25 nF: (R, - 6,8 kQ) x-CrC > 100 s
8.19.3 Conditioning
The|capacitors with associated resistors shall be subjected to conditioning at (85 + 2) °C,
(85 | 3) % relative humidity for the test duration given in Table 23. The vpeltage given in

Table 23 shall be applied to the capacitors connected to 100 kQ resistors and those

conf
volta

hap

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

ected to 6,8 kQ resistors-shal-be-applied-to-voltage-given-in-Table 22. In both cases

Llge shall be applied across the capacitor/resistor combination.

en if the door is opened during the test before the humidity-is‘fowered.

Table 23 — Conditioning

the

may

Connected resistors Applied voltage Duration
kQ
100 (1,5 £ 0,1) V or the voltage specified in the
detail specification 168 h, 500 h or 1 000 h:
6,8 (50 £ 0,1) V or U, whichever is the lower, as-given-by spe_c_n‘leq in the detgil
applied-or the voltage’specified in the specification
detail specificatioh

8.19

The
from

atm@spheric conditions:for testing.

8.19.

The

The

.4 Recovery

the test chamber_and allowed to recover for—respectively 22 h to 26 h in stan

5 Final measturements

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

instlation resistance, including the series resistor, shall be greater than 0,1 times|

applied voltage shall be disconnected and the capacitors and resistors shall be rem¢ved

Hard

the

valu

pS.given in 8.19.2.
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Annex A
(normative)

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

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

i I Hied in Tahle A 1
Dimensions—ate specified-inTable A1

Metallized surface

§ Metallized’surface

/

Metallized surface ?
/_./

Y
)
Y

A

IEC
Dimepsion W should not exceed dimension L,.
Dimepsion H should not exceed dimension W.
If nedessary, the thickness of tinning should.be specified.
Figure A.1 — Dimensions
Table A.1 — Dimensions
Gode Lerli?th Wi\/(\j/th M:_nzi;mLusm Minli_r?wm
0p01IM 9,25 + 0,013 0,125 + 0,013 0,04 0,06
0402M 0,4 £ 0,02 0,2 £ 0,02 0,05 0,1
0p03M 0,6 £ 0,03 0,3+ 0,03 0,1 0,2
1p05M 1,0+ 0,05 0,5+ 0,05 0,1 0,3
1608M 1,6 £0,1 0,8+0,1 0,2 0,5
2012M 2,0+0,1 1,25+0,1 0,2 0,7
3216M 3,2+0,2 1,6 £ 0,15 0,3 1,4
3225M 3,2+0,2 2,5+0,2 0,3 1,4
4532M 4,5+0,3 3,2+£0,2 0,3 2,0
5750M 57+0,4 50+£0,4 0,3 2,5

NOTE Dimension in millimetres.

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

Capacitance ageing of fixed capacitors
of ceramic dielectric, Class 2

B.1 General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties and ex

hibit

a Cdrie temperature.

Above this temperature the dielectric has the highly symmetric cubic crystal structure whe

iing takes place; i.e. the capacitance lost thfough ageing is regained, and ag
recommences from the time when the capacitor recaols.

B.2| Law of capacitance ageing

reas

the Curie temperature the crystal structure is less symmetrical. Although in single

er a
the

e to
the

temperature. This gives rise to the phenomenon of capacitance ageing, whereby| the

de-
eing

Duripg the first hour after cooling through the Curie temperature, the loss of capacitange is
not yell defined, but after this time it<follows a logarithmic law (see K.W. Plessner, Proc. Phys.

Soc/, vol. 69B, P1261, 1956) which.¢an be expressed in terms of an ageing constant.

The|ageing constant k is defined as the percentage loss of capacitance due to the aggeing

progess of the dielectric which occurs during a "decade", i.e. a time in which the capa
increases its age tenfold\for example from 1 h to 10 h.

citor

As the law of decrease of capacitance is logarithmic, the percentage loss of capacitanceg will
be 2 x k between 1h and 100 h age and 3 x k between 1 h and 1000 h. This may be

expressed mathematically by the following equation:

C, =C, (1— k xlqt\
T 100 7
where
C, is the capacitance t h after the start of the ageing process;
C, is the capacitance 1 h after the start of the ageing process;
k is the ageing constant in percent per decade (as defined above);
t is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known

times thereafter.

k is then given by the following equation:
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100 (Cy ~Cy, )

If capacitance measurements are made three or more times, then it is possible to derive k
from the slope of a graph where C, is plotted against Ig t.

It is also possible to plot log C against Ig t.

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

B.3| Capacitance measurements and capacitance tolerance

Because of ageing, it is necessary to specify a reference age at which the¢capacitance shall
be within the prescribed tolerance. This is fixed at 1 000 h, since for practical purposes there
is ngt much further loss of capacitance after this time.

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

k
C =C|1-——(B31Igt
1000 t|: 100( 9)}

For |factory measurements, the loss of capacitance from the age at time of measurement
to 1/000 h age will be known and can be offés€t by using asymmetric inspection toleranceg.

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

Cappcitance is normally declared at 20 °C, and it may be necessary to measure at|this
temperature or correct thelresults to this temperature. Errors can also arise from heat from
the hands, and capacitors should therefore always be handled with tweezers.

B.4| Special preeonditioning (see 8.2)

In many of the tests in this document, it is required to measure the capacitance change which
resullts fram a given conditioning (for example climatic sequence). In order to avoid| the
intenfering’ effect of ageing, the capacitor is specially preconditioned before these test$ by
maintaining it for 1 h at the upper category temperature followed by 24 h at stanfgard
atmospheric conditions for testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.

If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring
it into a state where its capacitance is not so dependent on its previous history, and the same
effect will be achieved, though completely de-aged. In order to de-age such capacitors
completely, temperature up to 160 °C may be required, and this temperature could be
deleterious to the encapsulation. Therefore, in the few cases where complete de-ageing of
such capacitors may be required, the detail specification shall be consulted for details and
any necessary precautions.


https://iecnorm.com/api/?name=8173466344cabcb4fead63cc9a500a24

IEC 60384-22:2019 RLV © IEC 2019

The temperature characteristics of capacitance for the reference temperature of 25 °C have
often been used due to marketing needs and because of their actual performance. These
temperature characteristics and codes are shown in Table C.1 and the exact conditions of

— 43—

Annex C
(informative)

Temperature characteristics of capacitance
for the reference temperature of 25 °C

temperature characteristics of capacitance are shown in Table C.2.

Table C.1 — Temperature characteristics of capacitance
for the reference temperature of 25 °C

Code of temperature
characteristics of
capacitance

Maximum
capacitance change
%

Temperature range
°C

X5R + 15 -55 te, +85
X7R + 15 -55.t0' +125
X8R + 15 -55 to +150
X6S + 22 -55to +105
X7S + 22 -55to +125
Y5V -82 to +22 -30to +85

Table C.2 — Measuring conditions of temperature characteristic

of capacitance for the reference temperature of 25 °C

Measuring step

Temperature

[ I = VO I I A

NOIEMeasurements may be made at such intermediate temperatures as to ensure
that_the requirements of Table C.1 are met.

NOTE Reference capacitance is the capacitance measured at Step 3.

a

b

T, = Lower category temperature.

TB = Uppcl \.,c\tcguly tCIIIlJCIatUIC.
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Annex X
(informative)

Cross-reference for reference to IEC 60384-22:2011

The drafting of this document has resulted in a new structure. Table X.1 indicates the new
clause and subclause numbers with respect to IEC 60384-22:2011.

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

IEC 60384-22:2011 IEC 60384-22:20xx
d aditi d aditi
29 edition 3'% edition Notes

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

Table X.2 indicates the new figure and table numbers with respect to IEC 60384-22:2011.

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

IE[C 60384-22:2011 IEC 60384-22:20xX
24 edition 3'd edition Notes
Figure/Table Figure[Table
Table 6a Table 6 In accordance with the ISO/IEC directives, Part 2 and the
change of table numbers
Table 6b Table 7
Tgble 7 to Table 22 Table 8 to Table 23 | In accordance with the change of table numbers

For|the figure numbeéxs, there was no change.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1)

2)

3)

4)

5)

6)

7

8)

9)

Intefnational Standard IEC 60384-22 has been prepared by IEC technical committee

C ++ l ot £ ] + H TR +
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FOREWORD

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

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.

S04 9sQ@3TAST Y o

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 énade to ensure that the technical content o
blications is accurate, IEC cannot be held responsible/ for the way in which they are used or fo
isinterpretation by any end user.

3 TO

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

— P
i

HBC itself does not provide any attestation.'0f conformity. Independent certification bodies provide confg
sessment services and, in some areasS;‘access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent ceftification bodies.

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

p liability shall attach to IEC onits directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property damal
her damage of any nature® whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out-efithe publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

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

5> TOO3IZ > 0O

tention is" drawn to the possibility that some of the elements of this IEC Publication may be the subjd
htent rights” IEC shall not be held responsible for identifying any or all such patent rights.
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40:

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

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

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

b)

c)

edition) to the extent practicable, and for harmonizing with IEC 60384-21;

deletion of the description on the permissible reactive power in 6.2.2 because it is
appropriate for the purposes of this document;

the dimensions of 0201M in Annex A have been added.

not
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The text of this International Standard is based on the following documents:

FDIS Report on voting

40/2640/FDIS 40/2652/RVD

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

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

A lidt of all parts in the IEC 60384 series, published under the general title Fixed capacjtors
for yse in electronic equipment, can be found on the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this date, the document will be
e rleconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 22: Sectional specification —

Fixed surface mount multilayer capacitors of ceramic dielectric, Class 2

1

Scope

This| part of IEC 60384 is applicable to fixed unencapsulated surface mount multil
capacitors of ceramic dielectric, Class 2, for use in electronic equipment. These eapac

hav
prin

Cap
IEC

The
from

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

seve
speq
pern

2

The

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

cited
any

IEC

IEC

IEC
sold
mou
IEC

IEC

ayer
tors

metallized connecting pads or soldering strips and are intended to be gnounted on

ed boards, or directly onto substrates for hybrid circuits.

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

IEC 60384-1 the appropriate quality assessment procedures, tests and meast
rities and requirements prescribed in detail specifications referring to this secti

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

Normative references

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

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

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

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

60068-2-58:2015/AMD1:2017

d by

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

ring
Test
onal
not

heir
ition
ding

5 for
face

eric

60384-1:2016, Fixed capacitors for use in electronic equipment — Part 1: Ger

specifieation

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

ISO

3:1973, Preferred numbers — Series of preferred numbers

3 Terms and definitions

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

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

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

3.1

surface mount multilayer capacitor

multilayer capacitor whose small dimensions and nature or shape of terminations make it
suitable for surface mounting in hybrid circuits and on printed boards

3.2

capgcitor of ceramic dielectric, Class 2
capdcitor that has a dielectric with a high permittivity and is suitable for by-pass and coupling
applications or for frequency-discriminating circuits where low losses and high~stability of
capacitance are not of major importance

Note |l to entry: The ceramic dielectric is characterized by a non linear change of capacitance over the cat¢gory
tempgrature range (see Table 3).

3.3
subglass
maxjmum percentage change of capacitance within the category temperature range |with
respect to the capacitance at 20 °C

Note |l to entry: The subclass may be expressed in code form (see‘Table 3).

3.4
catgdgory temperature range
amblient temperature range for which the capacitor has been designed to operate continugusly

Note |l to entry: This is given by the lower and upper category temperature.

3.5
rated temperature
Tr
maxjmum ambient temperature at which the rated voltage may be continuously applied

3.6
ratefd voltage
Ur
maxyjmum DC yoltage that may be applied continuously to a capacitor at any temperdture
between theAdower category temperature and the rated temperature

Note|l to'lentry: The maximum DC voltage is the sum of the DC voltage and peak AC voltage or peak pulse
voltage ‘applied to the capacitor.

3.7

category voltage

Uc

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

4 Information to be given in a detail specification

4.1 General

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

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

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

4.2 —outhme drawimg and gimensions

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

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

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

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

4.3 | Mounting
The|detail specification shall give guidafice on methods of mounting for normal use. Mounting

for test and measurement purposes.(When required) shall be in accordance with 8.4 of|this
sectjonal specification.

4.4 | Rating and characteristics
4.4.1 General

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

4.4.2 Nominal capacitance range

See|6.2.4.1.

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

4.4.3 Particular characteristics

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

4.4.4 Soldering

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

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

5 Marking

5.1 General

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

5.2 | Information for marking

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

— rnated voltage (DC voltage may be indicated by the symbol:___ [IEC60417-5031(2002110)]
r—)»;

— tplerance on nominal capacitance;

o

— dielectric subclass as applicable (in accordance with 6.2.5);
— Year and month (or week) of manufacture;

— manufacturer's name or trade mark;

— ¢limatic category;

— rmanufacturer's type designation;

— reference to the detail specification.

5.3 | Marking on the body

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

5.4 | Requirements for marking

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

5.5 | Marking.efithe packaging

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

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

6.1 Preferred characteristics

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

The capacitors covered by this document are classified into climatic categories in accordance
with the general rules given in IEC 60068-1:2013, Annex A.
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The lower and upper category temperatures and the duration of the damp heat, steady state

test

lower category temperature:

upper category temperature:

shall be chosen from the following:

-55 °C, -40 °C, -25 °C, -10 °C and +10 °C;
+70 °C, +85 °C, +100 °C, +125 °C and +150 °C

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

4,10, 21 and 56 days.

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

respectively.

NOTE The resistance to humidity resulting from the above climatic category is for the capacitors~in |their
unmdunted state. The climatic performance of the capacitors after mounting is greatly influenced by thexmounting
subsfrate, the mounting method (see 8.4) and the final coating.

6.2 | Preferred values of ratings

6.2.1 Rated temperature (Tg)

The|rated temperature is equal to the upper category temperatureQfor capacitors with| the
uppér category temperature not exceeding 125 °C, unless otherwise stated in the detail
spegification.

6.2.2 Rated voltage (Ug)

The|preferred values of the rated voltage are the valdes of the R5 series of ISO 3. If gther
valugs are needed they shall be chosen from the R10,series.

The|sum of the DC voltage and the peak AC)voltage or the peak to peak AC voltpge,
whighever is the greater, applied to the capacitor shall not exceed the rated voltage.

6.2.8 Category voltage (Ug)

The|category voltage is equal to the rated voltage for capacitors with the upper category
temperature not exceeding 125 °C:”Any category voltages which are different from the rated
voltage, for capacitors with the upper category temperature exceeding 125 °C or for high-
voltage capacitors with rated voltages about 500 V, shall be given in the detail specificatign.
The|preferred values-0fithe category voltage at 125 °C upper category temperature for high
volumetric capacitors-with a rated voltage of 16 V and less and a rated temperature of 8p °C

are

jiven in Table 1:

Table 1 — Preferred values of category voltages

U \

6]

2, 4 6,3 10

R

1l AL

6.2.4

6.2.4.1

o 4 f
e i \erre)

H
P

\4

~C

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

Uc = 0,63 x Up.

Preferred values of nominal capacitance and associated tolerance values

Preferred values of nominal capacitance

Nominal capacitance values shall be taken from the number series of IEC 60063; the E3, E6

and

E12 series are preferred.


https://iecnorm.com/api/?name=8173466344cabcb4fead63cc9a500a24

IEC 60384-22:2019 © IEC 2019 - 13 -

6.2.4.2 Preferred tolerances on nominal capacitance

See Table 2.

Table 2 — Preferred tolerances

Preferred series Tolerance Letter code
%
E3 and E6 -20/+80 z
—20/+50 S
E6 + 20 M
E6 and E12 +10 K

6.2.% Temperature characteristic of capacitance

Table 3 denotes with a cross the preferred values of the temperature eharacteristic with|and
withput a DC voltage applied. The method of coding the subclass isalso given; for example a
dielgctric with a percentage change of +20 % without DC voltage applied over the tempergture
range from —-55 °C to +125 °C will be defined as a dielectric of subelass 2C1.

The|temperature range for which the temperature characteristic of the dielectric is defined is
the $ame as the category temperature range.

Table 3 — Temperature characteristic of capacitance

Maximum capacitance change within the Category temperature range and
category temperature range with respect to corresponding number code
Sub- the capacitance at 20 °C measured with and
claks without a DC voltage applied -55/+150 | -55/+125 | -55/+85 | —-40/+85 | -25/+85 | +104+85
letfer % oC oC oC oC oC ot
cofle
without DC with DC voltage applied
voltage applied (NOTENY) 0 1 2 3 4 6
2B +10 X X X
2¢ +20 X X X
2p +20/-30 Requirements specified in X X
2F +22/-56 the detail specification « y «
2F +30/-80 X X X
2R £15 X X X X

When the upper.category temperature is above 125 °C, the limits of capacitance change, both with and without DC voltage
applled, sheuld be given in the detail specification.

NOTI|ENLS,DC voltage applied is either rated voltage or the voltage specified in the detail specification.

NOTE 2 "x" indicates preferred.

NOTE See Annex C for the reference temperature of 25 °C as an informative guidance.
6.2.6 Dimensions

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

Specific dimensions shall be given in the detail specification.
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7 Quality assessment procedures

7.1 Primary stage of manufacture

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

7.2  Structurally similar components

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

7.3 Certified records of released lots

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

7.4 | Qualification approval
7.4.1 General

The|procedures for qualification approval testing are giventinEC 60384-1:2016, Clause Q.2.

The|schedule to be used for qualification approval ‘testing on the basis of lot-by-lot|and
peripdic tests is given in 7.5. The procedure using{a fixed sample size schedule is givgn in
7.4.2 and 7.4.3.

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

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

For leach temperature characteristic, the sample shall consist of specimens of capacitols of
maxjmum and minimum sizé“and for each of these sizes, the maximum capacitance valug¢ for
the highest rated voltagerand minimum rated voltage of the voltage ranges for which approval
is squght. When theré are more than four rated voltages, an intermediate voltage shall alsp be
test¢d. Thus, for the approval of a range, testing is required of either four or six values
(capacitance/voltage combinations) for each temperature characteristic. Where the total range
congists of féwer than four values, the number of specimens to be tested shall be [that
reqyired for'four values.

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

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

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

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

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

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

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

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

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

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

Table 4 and Table 5 together form the fixed sample size test scheduleyTable 4 includeq the
detd|ils for the sampling and permissible non-conforming items for the_different tests or groups
of tdsts. Table 5 together with the details of the test contained in‘Clause 8 gives a complete
summary of test conditions and performance requirements angd indicates where, for example
for the test method or conditions of test, a choice shall be made-in the detail specification.

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

Group Test Subclause of Number of Permissible
this publication specimens number of
No. . nonconforming
n items
c
0 Visual examination 8.5
Dimensions 8.5 132 + 24f 0
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
Spare specimens 12
1A Robustness of termination 9 8.16 12 0
Resistance to soldering heat 8.10
Component solvent resistance ° 8.17
1B Impedance P 8.6.5 12 0
Equivalent series resistance [ESR] P 8.6.6
Solderability 8.11
Solvent resistance of marking ® 8718
p Substrate bending test 9 8.9 12 0
3|12 Mounting 8.4
Visual examination 8.5 84 +24fF o¢
Capacitance 8.6.1
Tangent of loss angle 8.6.2
Insulation resistance 8.6.3
Voltage proof 8.6.4
3[1 Shear test " 8.8 24 0
Rapid change of temperature 8.12
Climatic sequenge 8.13
3|2 Damp heat/steady state 8.14 24 0
3|3 Endurance 8.15 36 0
3|4 Accelérated damp heat, steady state P 8.19 24f 0
L Temperature characteristic of capacitance 8.7 12 0
a8  Thetalues of these measurements serve as initial measurements for the tests of Group 3.
boIF required in the detall specification.

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

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

€ Capacitance/voltage combinations, see 7.4.2.
f Additional capacitors, if Group 3.4 is tested.
9 Applicable to capacitors with strip terminations.

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

Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 0 ND See Table 4
8.5 Visual examination As in 8.5.3
| c\gihln m::rlzing and-as
specified in the detail
specification
8.5 Dimension (detail) See the detall
specification
8.6.]l Capacitance Frequency: ... Hz Withinspecified tolerapce
Measuring voltage:...V RMS
8.6.p Tangent of loss Frequency and Measuring As in 8.6.2.3
angle (tan o) voltage same as in 8.6.1
8.6.B Insulation resistance See detail specification for As in 8.6.3.4
the method
8.6.4 Voltage proof See detail specification for No breakdown or
the method flashover
GRQUP 1A D See Table 4
8.14 Robustness of Test Ua,, Force:2,5 N
termination
(If applicable) Test Ub, Method 1,
Force:2,5 N
Number ofbends:1
Visual examipation No visible damage
8.10.3 Initial measurement Capacitance
8.1d Resistance to Special ' preconditioning as in
soldering heat 8.2
See-detail specification for
thle method
Recovery: (24 + 2) h
8.1Q.6 Final measurement Visual examination As in 8.10.6
Capacitance As in 8.10.6
8.17 Component salvent Solvent: ... See detail specification
Eisrlgtar']rceed) Solvent temperature:...
i ui
a Method 2
Recovery: ...
GROQUP 1B D See Table 4
8.6.p \ Impedance Frequency: 100 kHz See detail specification
(If required)
8.6.6 ESR (if required) Frequency: 100 kHz See detail specification
8.11  Solderability See detail specification for
the method
8.11.4 Final measurements Visual examination As in 8.11.4
8.18  Solvent resistance of Solvent: ... Legible marking

the marking 2
(if required)

Solvent temperature: ...
Method 1

Rubbing material: cotton wool
Recovery: ...
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 2 D See Table 4
8.9 Substrate bending Deflection: ... See detail specification
test Number of bends: ...
8.9.2 Initial measurement Capacitance
8.9.B Final inspection Capacitance (with printed lacic| <10 %
board in bent position)
Visual examination No visible damage
GROQUP 3 D See Table 4
8.4| Mounting Substrate material: ...P
Visual examination As-in|8.5.3
Capacitance WitHin specified tolerapce
Tangent of loss angle As in 8.6.2.3
Insulation resistance Asin 8.6.3.4
Voltage proof No breakdown or
flashover
GRQUP 3.1 D See Table 4

8.8 Shear test

Visual examination

No visible damage

8.14.3 Initial measurement Capacitance
8.1 Rapid change of Special preconditioning as in
temperature 8.2
T, = Lower category
temperature
Tg = Upper category
temperature
Five cycles
Duration t;= 30 min
Recovery: (24 £ 2) h
8.13.6 Final measurements Visual examination No visible damage
Capacitance ACIC: as in 8.12.6
8.13 Climatic sequence Special preconditioning as in
8.2
8.13.3 Initial Measlrement Capacitance
8.13.4 Dry heat Temperature: upper category
temperature
Duration: 16 h
8.13.5¢Damp heat, cyclic,
fest Db, first cycle
8.13.6 Cold Temperature: lower category
temperature
Duration: 2 h
Visual examination No visible damage
8.13.7 Damp heat, cyclic, Recovery: (24 + 2) h

test Db, remaining
cycles

8.13.8 Final measurements

Visual examination

Capacitance
Tangent of loss angle
Insulation resistance

No visible damage
Legible marking

AC/C: as in 8.13.8
As in 8.13.8
As in 8.13.8
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Subclause number and D Conditions of test Number of Performance
test or specimens requirements
ND (see NOTE 1) (n) and
(see NOTE 1) number of (see NOTE 1)
non-
conforming
items (c)
GROUP 3.2 D See Table 4
8.14 Damp heat, steady Special preconditioning as in
state 8.2
8.14.3 Initial measurement Capacitance
RECOVeTy: (24 £ Z) N
8.14.6 Final measurements Visual examination No visible damage
Legible marking
Capacitance AC/C: as in 8.124.6
Tangent of loss angle As in 8.14:6
Insulation resistance As in 8.14.6
GRQUP 3.3 D See Table 4
8.11 Endurance Special preconditioning as in
8.2
Duration: ... h
Temperature: ...°C
Voltage: ...V
8.14.3 Initial measurement Capacitance
Recovery: (24 + 2) h
8.14.6 Final measurements Visual examination No visible damage
Legible marking
Capacitance AC/C: as in 8.15.6
Tangent of loss angle As in 8.15.6
Insulation resistance As in 8.15.6
Group 3.4 D See Table 4
8.19 Accelerated damp Duration: ... h
heat,_ steady state (if Temperature: (85 + 2) °C
required) o
Humidity: (85 + 3) % RH
8.19.2 Initial measurement Insulation resistance As in 8.19.2
8.19.5 Final measurement Recovery: (24 £2) h As in 8.19.5
Insulation resistance
Group 4 ND See Table 4

8.7 Temperdture
characteristic of
capacitance

Special preconditioning as in
8.2

AC/C: as in 8.7.3

NOTEA, “Subclause numbers of test and performance requirements refer to Clause 8.

NOTE 2

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

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

b

which substrate material is used in each subgroup.

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

7.5 Quality conformance inspection

7.5.1

7.5.1.1

Formation of inspection lots

Groups A and B inspection

These tests shall be carried out on a lot-by-lot basis.
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A manufacturer may aggregate the current production into inspection lots subject to the
following safeguards.
1) The inspection lot shall consist of structurally similar capacitors (see 7.2).

2a) The sample tested shall be representative of the values and the dimensions
contained in the inspection lot:

— in relation to their number;

— with a minimum of five of any one value.

7.5.1.2 Group C inspection

Thege tests shall be carried out on a periodic basis.

Samples shall be representative of the current production of the specified)pé€riods and shall
be divided into small, medium and large sizes. In order to cover the range|ef approvals in|any
peripd, one voltage shall be tested from each group of sizes. In subsequent periods, gther
sizep and/or voltage ratings in production shall be tested with the aim’ of covering the whole
range.

7.5.2 Test schedule

The|schedule for the lot-by-lot and periodic tests for quality conformance inspection is given
in Clause 2 of the blank detail specification.

7.5.8 Delayed delivery

Whgn, in accordance with the procedures of\tEC 60384-1:2016, Q.1.7, re-inspection shall be
made, solderability and capacitance shall be checked as specified in Groups A and B
inspection.

7.5.4 Assessment levels

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

Inspection EZ

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

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

fhe inspection shall be performed after removal of nonconforming items by 100 %gtesting during
manufacturing process. Whether the lot was accepted or not, all samples for sampling: inSpection shal
nspected in order to monitor outgoing quality level by nonconforming items per milliony(x/107°).

Fhe sampling level shall be established by the manufacturer, preferably in accardance with IEC 61
P:2007, Annex A.

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

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

Fhe content of the inspection subgroup is described in Claugé\2.of the relevant blank detail specification.

the
be

193-

[ all
| by
A in

Table 7 — Periodic test

EZ
Inkpection subgroup P o? na c®
o 3 12 0

- 3 12 0

c3.1 6 27 °

c3.2 6 1 °

c3.3 s 15 °

c3.4° 6 1 °

ca 6 ° °

b = periodicity in months
N = sample size

L =\permissible number of non-conforming items

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

¢ If required.

8 Test and measurement procedures

8.1

General

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

Unless otherwise specified in the detail specification, the special preconditioning, when
specified in this sectional specification before a test or a sequence of test, shall be carried out
under the following conditions.

Exposure at upper category temperature or at such higher temperature as may be specified in
the detail specification during 1 h, followed by recovery during (24 = 1) h under standard
atmospheric conditions for testing.

NOTE__Capacitors lose capacitance continuously with time in_accordance with a logarithmic law (this is called
ageir]g). However, if the capacitor is heated to a temperature above the Curie point of its dielectric, then| "de-
ageing" takes place, i.e. the capacitance lost through "ageing" is regained, and "ageing" recommences from the
time vhen the capacitor recools. The purpose of special preconditioning is to bring the capacitor to a definéd [state
regandless of its previous history (see Clause B.4 for further information).

8.3 | Measuring conditions

See|lEC 60384-1:2016, 4.2.1.

8.4 | Mounting

See|lEC 60384-1:2016, 4.33.

8.5 Visual examination and check of dimensions
8.5.1 General

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

8.5.? Visual examination

A visual examination shall be carried ©out with suitable equipment with approximately (10 x

magnification and lighting appropriate” to the specimen under test and the quality level
regyired.

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

8.5.8 Requirements

8.5.8.1 General

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

8.5.8.2 anuirnmnnfe forthe ceramic

Requirements for the ceramic are as follows:

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

P

IEC

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

b)

d)

8.5.

Eigure 2 — Fault: crack or fissure

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

Separation or
delamination

Crack

IEC

Figure 3 — Separation or delamination

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

Exposed electrodes
IEC
Figure 4 — Exposed electrodes
The ceramic body shall be free of any conducting smears (metallization, tinning, etc.)

between those (Annex A, dimension L,).

B.3 Requirements for the metallization

Reqgpuirements for the metallization are as follows:

a)

b)

citor

pn a

entral zone between two adjacent terminations which is equal to the minimum distance

Nofvexhibit any visible detachment of the metallized terminations and not exhibit

any

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

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

The maximum area of gaps in metallization on each principal face shall not be greater than
15 % of the area of that face; these gaps shall not be concentrated in the same area. The
gaps in metallization shall not affect the two principal edges of each extremity of the block (or
four edges for square section capacitors). Dissolution of the end face plating (leaching) shall
not exceed 25 % of the length of the edge concerned.
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E
/, B
//I/ c
/ Principal edges
D IEC
Figure 5 — Principal faces
8.6 | Electrical tests
8.6.1 Capacitance
8.6.1.1 General
See|lEC 60384-1:2016, 4.7, with the details of 8.6.1.2 and 8.6.1.3.
8.6.1.2 Measuring conditions
See|Table 8, unless otherwise specified in the detail specification.
Table 8 — Measuring conditions
Nominal Rated voltage Frequency Measuring voltage Referee voltage
capacitance Ug V RMS V RMS
Cy < 100 pF é 1 MHz 1,0+0,.2 1,0 £ 0,02
100| pF < C\ < 10 pF Ug> 6,3V 1 kHz 1,0+0,2 1,0 £ 0,02
Ug < B3V 1 kHz 0,5+0,2 0,5+ 0,02
Cy> 10 pF N 100 Hz or 120 Hz 0,5+0,2 0,5 £ 0,02

All rated voltages (Ug):

8.6.

The
valu

.3 ReQuirements

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

ated

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

For referee measurements, the capacitance value shall be the value extrapolated to an
ageing time of 1 000 h, unless otherwise specified in the detail specification (see Annex B for
explanations). If applying the ageing time other than 1 000 h, that may be specified in the
detail specification.

8.6.2 Tangent of loss angle (tan §)

8.6.2.1 General

See

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

The measuring conditions are the same as those of 8.6.1. The inaccuracy of the measuring
equipment shall not exceed 1 x 1073,

8.6.2.3 Requirements

The tangent of loss angle as measured in the unmounted state shall not exceed the limit given
in Table 9.

Tahle 9 — T;mgpn'r aof lass :mglp limits

Rated voltage Subclass Tangent of loss angle
Ugr
Ug210V All subclass codes Not exceed 0,035 or value as may be given“in the d¢tail
specification
Ug <10V 2B, 2C, 2R 0,1
2D, 2E 0,15
2F 8,2

NOTE See 6.2.5 for an explanation of the subclass codes.

Theltangent of loss angle as measured in the mounted state in accordance with Group 3 is for
refefence purposes only in further tests.

8.6.8 Insulation resistance
8.6.8.1 General

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

8.6.8.2 Preparation for test

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

Care shall be taken te ‘maintain cleanliness in the test chambers and during post |test
mealsurements. Befor&:the measurement, the capacitors shall be fully discharged. [The
insujation resistance ‘'shall be measured between the terminations.

8.6.8.3 Measuring conditions

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

The
for a capaC|tor with a rated voltage below or equal to 1 kv. For Ug > 1 kV the referee voltage

shall be 1 kV.

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

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

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


https://iecnorm.com/api/?name=8173466344cabcb4fead63cc9a500a24

- 26 — IEC 60384-22:2019 © IEC 2019

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

8.6.3.4 Requirements

The

insulation resistance shall meet the following requirements.
Cy<25nF R, >4 000 MQ
Cy>25nF R, x Cy >100s

8.6.4
8.6.1

See

8.6.4
The

NOTE

4.6.2

The

For
be d
be p

8.6.1

The
of 8
testi

| Voltage proof
(9 General

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

.2 Test conditions

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

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

charge current shall not exceed 0,05 A.

capacitors with rated voltages of 1 kV and above, a lower charge current limit value
iven in the detail specification. To protect, the*capacitors against flashover, the test
erformed in a suitable insulating medium,

1.3 Test voltages

6.3 and Table 3 in IEC 60384+1:2016, for a period of 1 min for qualification apprn
hg and for a period of 1 s for-the lot-by-lot quality conformance testing.

Table 10 — Test voltages

016,

may
may

test voltages in accordance with~Table 10 shall be applied between the measuring pgints

oval

Rated voltage Test voltage
\ \

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

500 < U, < 1 000 1,3 Uy
Ug 21 000 1,2 U,

8.6.4.4 Requirement

There shall be no breakdown or flashover during the test.

8.6.5 Impedance (if required by the detail specification)

8.6.5.1 General

See

IEC 60384-1:2016, 4.10, with the details of 8.6.5.2 and 8.6.5.3.
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8.6.5.2 Measuring conditions

The

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

8.6.5.3 Requirements

Impedance shall be specified in the detail specification.

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

8.6.6.1 General

See

8.6.

The

8.6.

The

8.7
8.7.

See

8.7.

See

The

IEC 60384-1:2016, 4.8.2, with the details of 8.6.6.2 and 8.6.6.3.

5.2 Measuring conditions

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

5.3 Requirements

ESR shall be specified in the detail specification.

Temperature characteristic of capacitance
| Special preconditioning

8.2.

p Measuring conditions

IEC 60384-1:2016, 4.24.1, with the follawing details.

capacitors shall be measured-in the unmounted state as well as the condition

Table 11.

5

of
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Table 11 — Details of measuring conditions

Measuring step Temperature DC voltage applied
°C

20+ 2 -

T,2+3 -

20+ 2 -

b
TP +2 -

Tgt2 X

20+ 2 X

Tpox3 X

I N|[ojfla|bd>|]wW|DN]|PF

20+ 2 -

Measurements may be made at such intermediate temperatures as to ensure that
the requirements of 6.2.5 are met.

NOTE 1 "-" indicates: no DC voltage applied
"x" indicates: DC voltage applied (if specified in the detail.specification)

NOTE 2 Reference capacitance is the capacitance measured af/Step 3.

NOTE 3 Because of the effects described in the Note/in*8.2, the capacitance
values measured at temperature reference, Steps 5 to /7,"with DC voltage applied,
are time dependent. This time dependency is included in the given limits for
capacitance change. The capacitance change between the first and the last
measurements at temperature reference, Steps/Inand 8, indicates the amount of
ageing involved. In the case of a dispute about the results of measurements with
DC voltage applied, it is advisable to agree upon a fixed time interval between
measurements at temperature reference, Steps 5 and 7 with DC voltage applied
(see IEC 60384-1:2016, 4.24.1.3).

a T, = Lower category temperaturex

b Tg = Upper category temperatuse.

8.7.8 Requirements

Temperature characteristic(with and without DC voltage applied shall not exceed the values
given in Table 3. The variation of capacitance shall be calculated in accordance [with
IEC[60384-1:2016, 4.24.3.1.

8.8 Shear test

See|lEC 60384-1:2016, 4.34.

=)

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

8.9 Substrate bending test
8.9.1 General

See |[EC 60384-1:2016, 4.35.

Unless otherwise specified in the detail specification,

— the deflection D shall be selected from 1 mm, 2 mm or 3 mm,
— the number of bends shall be 1 time,
— the radius of the bending tool shall be 5 mm.
When the deflection D is 2 mm or less, the radius may be 230 mm.
— the duration in the bent state shall be 5 s.
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8.9.

The

8.9.

The

The

8.10 Resistance to soldering heat

8.10.1 General

See

8.10.2 Special preconditioning

See

8.14.3 Initial measurement

The

8.10.4 Test conditions

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

NOTE

See

spegified in the detail specificationy

The|specimen shall be preheated to a temperature of 110 °C to 140 °C and maintaineq
30 s|to 60 s.

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

Temperature: 260°C +5°C

Duration of immersion: 10s+1s

Depth of immersion: 10 mm

Number(ofiimmersions: 1

60384-22:2019 © IEC 2019 - 29 -

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

2 Initial measurement

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

3 Final inspection

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

pacitancaewith haoard in hant nacitinn chall nat aveaad 10 0,
paerta e et B0 o eHtp BSTHeH-SHa Bt exEe e a—=o—76=

IEC 60068-2-58 with the details of 8.10.2 to 8.10.6.

8.2.

capacitance shall be measured in accordance with{(8.6.1.

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

IEC 60068-2-58:2015, Test Td,,"Method 1, with the following details, if not other

ise

| for

8.10.4.2 Infrared and forced gas convection soldering system

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

a)
b)
c)
d)

the solder paste shall be applied to the test substrate;
the thickness of solder deposit shall be specified in the detail specification;
the terminations of the specimen shall be placed on the solder paste;

solder alloy: Sn-Pb;

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

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

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

reached (235 + 5) °C and maintained at this temperature for (10 + 1) s;

e) solder alloy: Sn-Ag-Cu;

unless otherwise specified in the detail specification, the reflow temperature profile shall
be selected from Table 12 and Figure 6;

Table 12 — Reflow temperature profiles for Sn-Ag-Cu alloy

A

A

Y

9)
8.10.5 Recovery

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

Figure 6 =\Reflow temperature profile

Thelflux residtes shall be removed with a suitable solvent.

8.10.6 , (Final inspection, measurements and requirements

Afte' racovery tha canacitare chall hg vicuall
e e—He—tapacitots—SHar—o WHSHeH

v avaminad and maacurad and chall mag
e a—aia—heastH-ea—aia—SsHar—

IEC

Alloy composition T, T, t, T, t, T, ty
°C °C 5 °C s °C S
Leap-free solder | Test1 150+ 5 180+5 | 120+ 5 220 60 to 90 250 20to40at T, 5p K
(SnyAg-Cu) Test2 | 150+5 | 180+5 | 120+5 | 220 <60 255 < 20 at="10|K
A -5
7y —

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

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

the

following requirements.

P4

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

such as cracks.

Dissolution of the end face plating (leaching) shall not exceed 25 % of the length of the edge
concerned. The detail specification may prescribe further details.

The capacitance shall be measured in accordance with 8.6.1 and the change shall not exceed

the values in Table 13.
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8.11 Solderability
8.11.1 General

See|lEC 60068-2-58 with the details of 8.11.2 to 8.11.4.

8.11.2 Test conditions

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

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

Table 13 — Maximum capacitance change

Subclass Requirements

2B and 2C +10 %

2D and 2R +15 %

2E and 2F +20 %
NOTE See 6.2.5 for an explanation of the subclass codes.

See|IEC 60068-2-58:2015, Test Td,, Method 1, with the folowing details, if not otherpise

spegified in the detail specification.

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

to 60 s.

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

8.111.2.2 Infrared andwforced gas convection soldering system

See|lEC 60068-2-58:2015, Test Td;, Method 2, with the following details:

a)
b)

c)
d)

e)

f)

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

older alloy: Sn-Pb;

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

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

solder alloy: Sn-Ag-Cu;

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

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

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

flux residues shall be removed with a suitable solvent.

.4 Final inspection, measurements and requirements

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

mag

nification. There shall be no signs of damage.

Both end face and the contact areas shall be covered with a smooth and bright solder
coating with no more than a small amount of scattered imperfections such _as pinholes or

unw

The

8.12

8.12.

This
110

See

The

8.12

See

8.12

The

8.12
The

Dura

8.12.

The

btted or de-wetted areas. These imperfections shall not be concentrated in one areal
detail specification may prescribe further requirements.

Rapid change of temperature
1 General

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

IEC 60384-1:2016, 4.16, with the details of 8.12.2 to 8.12.8.
capacitors shall be mounted in accordance with 8.4«

.2 Special preconditioning

8.2.

.3 Initial measurement

capacitance shall be measured-in accordance with 8.6.1.

.4 Number of cycles

number of cycles: 5
ition of exposufe,at the temperature limits: 30 min.

5 Recovery

capacitors shall recover for 24 h + 2 h.

81!‘ ool oo o oo o -
1270 rar mrsSpPTttoTT,TTecasyu

The

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

ater

The capacitance shall be measured in accordance with 8.6.1 and the change shall not exceed
the value in Table 14.
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Table 14 — Maximum capacitance change

Subclass Requirements

2B and 2C +10 %

2D and 2R +15 %

2E and 2F +20 %
NOTE See 6.2.5 for an explanation of the subclass codes.

8.13

8.13.

See

8.13

See

8.13.

The

8.13

See

8.13.

See

8.13

See

The

8.13

8.13.

See

8.13.

C Illldtib DUUIUCIIL,G
1 General

IEC 60384-1:2016, 4.21, with the details of 8.13.2 to 8.13.8.

.2 Special preconditioning

8.2.

3 Initial measurement

capacitance shall be measured in accordance with 8.6.1.

.4 Dry heat

IEC 60384-1:2016, 4.21.3.

5 Damp heat, cyclic, Test Db, first cycle

IEC 60384-1:2016, 4.21.4.

.6 Cold

IEC 60384-1:2016, 4.21.5with the following details.
capacitors shall be yisually examined. There shall be no visible damage.

.7 Damp heat,;cyclic, Test Db, remaining cycles
7.1 Gengeral

IEC 60884-1:2016, 4.21.7, with the details of 8.13.7.2 and 8.13.7.3.

72" Test conditions

No voltage applied.

The

remaining cycles shall be tested in accordance with Table 15.
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Table 15 — Number of damp heat cycles

Category No. of cycles of 24 h
-/ —156 5
-/ =121 1
-/-1/10 1
-/ —104 0

The

8.13.

The

The

If th

mealsurements have been made the capacitor shall be preconditioned in accordance with
then the requirement in Table 16 shall be met.

and

capacitors shall recover for 24 h + 2 h.

8 Final inspection, measurements and requirements

capacitors shall be visually examined. There shall be no visible damage.
capacitors shall be measured and shall meet the requirements in Féble 16.

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

Table 16 — Final inspection, measurements and requirements

IEC 60384-22:2019 © IEC 2019

ther
8.2

Requirements
M t Measuring
gasuremen conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Caplacitance 8.6.1 AC/IC <10 % AC/IC<+15% AC/C <£20 % AC/C < + 30| %
Tangent of loss 8.6.2 <2 x value of 8.6.2
angle
Insylation 8.6.3 R;>1000MQorR; x C >25s
resigtance o (whichever is less of the two values)
NOTE See 6.2.5 for an explanation of the subclass codes.

8.14

8.14.

See

The

Damp heat,'steady state

1 Gene

ral

IEC,60384-1:2016, 4.22, with the details of 8.14.2 to 8.14.6.

8.14.2 Special preconditioning

See

8.14

8.2.

.3

Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.14.4 Test conditions

No voltage shall be applied, unless otherwise specified in the detail specification.
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The severity of the test should be selected from the test conditions as shown in Table 17 and
be specified in the detail specification.

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

Table 17 — Test conditions for damp heat, steady state

Severity Temperature Relative humidity
°C %
T TOO T 2 00 T 35
2 +60 £ 2 93+3
3 +40 £ 2 93+3

Wh4gn the application of voltage is prescribed, Ui shall be applied to one half of the lot anfl no
voltage shall be applied to the other half of the lot.

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

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

8.14.5 Recovery

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

8.14.6 Final inspection, measurements and requirements

The|capacitors shall be visually examined. There shall be no visible damage.
The|capacitors shall be measured and shall meet the requirements in Table 18.

If tHe capacitance value’is less than the minimum value permitted, then after the dther
mealsurements have been made, the capacitors shall be preconditioned in accordance |with
8.2 and then the reguirement in Table 18 shall be met.

Table 18 — Final inspection, measurements and requirements

Requirements
M t Measuring
qasuremen conditions Subclasses Subclasses Subclasses Subclassds
2B and 2C 2D and 2R 2F 2F
Capacitance 8.6.1 AC/IC<+£10% AC/IC<+£15% AC/IC <+20 % AC/C £ +30 %
Tangent of loss
angle 8.6.2 < 2 x value of 8.6.2
Insulation 8.6.3 R;>1000 MQorR, x C>25s
resistance o (whichever is less of the two values)

NOTE See 6.2.5 for an explanation of the subclass codes.

8.15 Endurance
8.15.1 General

See |IEC 60384-1:2016, 4.23, with the details of 8.15.2 to 8.15.6.


https://iecnorm.com/api/?name=8173466344cabcb4fead63cc9a500a24

- 36 — IEC 60384-22:2019 © IEC 2019

The capacitors shall be mounted in accordance with 8.4.

8.15.2 Special preconditioning
See 8.2.

8.15.3 Initial measurement

The capacitance shall be measured in accordance with 8.6.1.

8.15-4 Tact r\nn(\lifinns

oot oTrrottroTT

If the category voltage is equal to the rated voltage, the capacitors shall be tested ds in
Table 19.

Table 19 — Endurance test conditions (Us = Ug)

Ug Up < 200 200 < Ug, < 500 | U > 500
Tgmperature Upper category temperature
vditage (DC) 1,5 Uy 1,3 U, 1,2 Uy
Duration 1000 h 1500 h 2000 h

If thp category voltage is not equal to the rated voltage, the capacitors shall be tested as in
Table 20.

Table 20 — Endurance test conditions (U # Ug)

VS Uy < 200 200 < Ug < 500 Ug > 500
Tegmperature T Ty T Ty T Tg
vdltage (DC) 1,5 Ug 1,5V, 1,3 Ug 1,3 U 1,2 Uy 1,2 Ug

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

Tr § Rated temperature.
T

34 Upper category temperatures > 85 °C, such as 100 °C.

8.19.5 Recovety

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

8.1576— FImmal imSPeCtiom, Measurenents and TeqUiTenernts

The capacitors shall be visually examined. There shall be no visible damage.
The capacitors shall be measured and shall meet the requirements in Table 21.

If the capacitance value is less than the minimum value permitted, then after the other
measurements have been made the capacitor shall be preconditioned in accordance with 8.2
and then the requirement in Table 21 shall be met.
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Table 21 — Final inspection, measurements and requirements of endurance test

Requirements
M t Measuring
easuremen conditions Subclasses Subclasses Subclasses Subclasses
2B and 2C 2D and 2R 2E 2F
Capacitance 8.6.1 AC/IC<+10% AC/IC<+15% AC/IC <20 % AC/IC <30 %
Tangent of
loss angle 8.6.2 < 2 x value of 8.6.2
Insulation 8.6.3 R;>2000 MQ orR;x C >50s
resistance o (whichever is less of the two values)
NOTE See 6.2.5 for an explanation of the subclass codes.

8.16

8.16.

See

8.16.

The

8.17

See

8.18

See

8.19

8.19.

See

Robustness of terminations (only for capacitors with strip termination)
1 General
IEC 60384-1:2016, 4.13, with the details of 8.16.2 and 8.16.3.
.2 Test conditions
ss otherwise specified in the detail specification, the conditions of the tests are as fol
[est Ua: force: 2,5 N;
[est Ub, Method 1: force: 2,5 N;
umber of bends: 1.

3 Final inspection and requirements

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

Component solvent resistance (if required)

IEC 60384-1:2016, 4.31,

Solvent resistanece of the marking (if required)

IEC 60384-1:2016, 4.32.
Accelerated damp heat, steady state (if required)
1 General
IEC60384-1:2016, Annex H, with the details of 8.19.2 to 8.19.5.

The

Half
+10

8.19

The
appl

The
Tabl

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

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

%.

.2 Initial measurement

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

ied across the capacitor and resistor in series.

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

e 22.

OWS:


https://iecnorm.com/api/?name=8173466344cabcb4fead63cc9a500a24

- 38 - IEC 60384-22:2019 © IEC 2019

Table 22 — Initial requirements

Measurement Measuring Requirements

conditions

Insu

Connected to Cy < 25 nF: R, 2 4 000 MQ

. 100 kQ resistors | ¢ > 25 nF: (R, ~ 100 kQ) x C, > 100 s
lation !

. (1,5+0,1) vV
t .
resistance Connected to Cy <25 nF: R, > 4 000 MQ
6,8 kQ resistors | C > 25 nF: (R, - 6,8 kQ) x C, > 100 s
8.19.3 Conditioning
The|capacitors with associated resistors shall be subjected to conditioning at (85 + 2) °C,
(85 | 3) % relative humidity for the test duration given in Table 23. The vpoltage given in

Table 23 shall be applied to the capacitors connected to 100 kQ resistors and those

conf
capa

Card

happen if the door is opened during the test before the humidity-is‘fowered.

ected to 6,8 kQ resistors. In both cases, the voltage shall be capplied across
\citor/resistor combination.

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

Table 23 — Conditioning

the

may

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

as specified in the detail

6,8 (50 £ 0,1) V or U, whichever is the lower, o
specification

or the voltage specified in the detail
specification

8.19

The
from
cong

8.19.

The

The

.4 Recovery

the test chamber _and allowed to recover for 22 h to 26 h in standard atmosph
itions for testing.

5 Final measturements

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

instlation resistance, including the series resistor, shall be greater than 0,1 times|

applied voltage shall be disconnected and the capacitors and resistors shall be rem¢ved

eric

the

valu

pS.given in 8.19.2.
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Annex A
(normative)

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

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

Dimensions are specified in Table A.1.

Metallized surface

Metallized sutface

Metallized surface

/
A
Y
A
¥y

A

IEC
Dimepsion W should not exceed dimension L,.
Dimepsion H should not exceed dimension W.
If nedessary, the thickness of tinning should be\specified.
Figure A.1 — Dimensions
Table A.1 — Dimensions
Gode Lerlifth Wi\/(\j/th M:_nzi;le?m Minli_r?wm
0p01M 0,25+ 0,013 0,125 + 0,013 0,04 0,06
0402M 0,4 + 0,02 0,2 £ 0,02 0,05 0,1
0p03M 0,6 + 0,03 0,3 £ 0,03 0,1 0,2
1005M 1,0 £ 0,05 0,5+ 0,05 0,1 0,3
1668 +H6—+67% 0-8—+6:% 72 65
2012M 2,0+0,1 1,25+0,1 0,2 0,7
3216M 3,2+0,2 1,6 £ 0,15 0,3 1,4
3225M 3,2+0,2 2,5+0,2 0,3 1,4
4532M 4,5+0,3 3,2+0,2 0,3 2,0
5750M 57+0,4 50+0,4 0,3 2,5

NOTE Dimension in millimetres.

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

Capacitance ageing of fixed capacitors
of ceramic dielectric, Class 2

B.1 General

Most Class 2 dielectrics used for ceramic capacitors have ferroelectric properties and ex

hibit

a Cdrie temperature.

Above this temperature the dielectric has the highly symmetric cubic crystal structure whe

iing takes place; i.e. the capacitance lost thfough ageing is regained, and ag
recommences from the time when the capacitor recaols.

B.2| Law of capacitance ageing

Duripg the first hour after cooling through the Curie temperature, the loss of capacitang
not yell defined, but after this time it<follows a logarithmic law (see K.W. Plessner, Proc. |
Soc/, vol. 69B, P1261, 1956) which.¢an be expressed in terms of an ageing constant.

reas

the Curie temperature the crystal structure is less symmetrical. Although in single

er a
the

e to
the
the

de-
eing

e is
Phys.

The|ageing constant k is defined as the percentage loss of capacitance due to the agging

progess of the dielectric which occurs during a "decade", i.e. a time in which the capa
increases its age tenfold\for example from 1 h to 10 h.

As the law of decrease of capacitance is logarithmic, the percentage loss of capacitance
be 2 x k between 1h and 100 h age and 3 x k between 1 h and 1000 h. This may
expressed mathematically by the following equation:

citor

will
be

C,=C, (1—
T 100

XIQIW
J
where
C, is the capacitance t h after the start of the ageing process;
C, is the capacitance 1 h after the start of the ageing process;
k is the ageing constant in percent per decade (as defined above);

t is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known

times thereafter.

k is then given by the following equation:
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100%(C,, - Cy))
Ctl X |g t2 —Ctz X Igtl

k:

If capacitance measurements are made three or more times, then it is possible to derive k
from the slope of a graph where C, is plotted against Ig t.

It is also possible to plot log C against Ig t.

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

B.3| Capacitance measurements and capacitance tolerance

Because of ageing, it is necessary to specify a reference age at which thelcapacitance shall
be within the prescribed tolerance. This is fixed at 1 000 h, since for practical purposes there
is ngt much further loss of capacitance after this time.

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

k
ClOOO = Ct |:1—m(3 —lgt):|

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

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

Cappcitance is normally declared at 20 °C, and it may be necessary to measure at|this
temperature or correct the(results to this temperature. Errors can also arise from heat from
the hands, and capacitors'should therefore always be handled with tweezers.

B.4| Special preconditioning (see 8.2)

In many of the'tests in this document, it is required to measure the capacitance change which
results frem.a given conditioning (for example climatic sequence). In order to avoid| the
intenfering’ effect of ageing, the capacitor is specially preconditioned before these test$ by
maintaining it for 1 h at the upper category temperature followed by 24 h at stanfgard
atmospheric conditions for testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.

If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring
it into a state where its capacitance is not so dependent on its previous history, and the same
effect will be achieved, though completely de-aged. In order to de-age such capacitors
completely, temperature up to 160 °C may be required, and this temperature could be
deleterious to the encapsulation. Therefore, in the few cases where complete de-ageing of
such capacitors may be required, the detail specification shall be consulted for details and
any necessary precautions.
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Annex C
(informative)

Temperature characteristics of capacitance
for the reference temperature of 25 °C

The temperature characteristics of capacitance for the reference temperature of 25 °C have
often been used due to marketing needs and because of their actual performance. These
temperature characteristics and codes are shown in Table C.1 and the exact conditions of
temperature characteristics of capacitance are shown in Table C.2.

Table C.1 — Temperature characteristics of capacitance
for the reference temperature of 25 °C

Code of temperature Maximum Temperature range
characteristics of capacitance change °C
capacitance %
X5R + 15 -55 te, +85
X7R + 15 -55.t0' +125
X8R + 15 -55 to +150
X6S + 22 -55to +105
X7S + 22 -55to +125
Y5V -82 to +22 -30to +85

Table C.2 — Measuring conditions of temperature characteristic
of capacitance for the reference temperature of 25 °C

Measuring step Temperature

a|(d|w [N | R
N
a1
+
N

Measurements may be made at such intermediate temperatures as to ensure that
th€requirements of Table C.1 are met.

NOTE Reference capacitance is the capacitance measured at Step 3.

a T, = Lower category temperature.
b

TB = Uppcl \.,c\tcguly tCIIIlJCIatUIC.
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Annex X
(informative)

Cross-reference for reference to IEC 60384-22:2011

The drafting of this document has resulted in a new structure. Table X.1 indicates the new
clause and subclause numbers with respect to IEC 60384-22:2011.

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

IEC 60d384-22:2011 IEC 6%384-22:20xx
29 edition 3" edition Notes

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

Table X.2 indicates the new figure and table numbers with respect to IEC 60384-22:2011.

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

IEC 60384-22:2011 IEC 60384-22:20xX
2nd edition 3'd edition Notes
Figure/Table Figure/Table
Table 6a Table 6 In accordance with the ISO/IEC directives, Part 2 and the
change of table numbers
Table 6b Table 7
Tgble 7 to Table 22 Table 8 to Table 23 | In accordance with the change of table numbers

For|the figure numbeéts, there was no change.
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Comdensateurs mutticouches fixes a dietectriques
en céramique pour montage en surface, de Classe 2

AVANT-PROPOS

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

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

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

Ans le but d'encourager 'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans to
esure possible, & appliquer de fagon transparente les Publications de I'lEC dans leurs publications natio

régionales. Toutes divergences entre\toutes Publications de I'lEC et toutes publications nationald
gionales correspondantes doivent étresindiquées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucunel atfestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifig
dépendants.

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

cune responsabilité ‘ne’doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
bur tout préjudicescausé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que c€/)soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) ¢
bpenses découlant de la publication ou de l'utilisation de cette Publication de I''EC ou de toute
Lblication.de I'lEC, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
féréncées est obligatoire pour une application correcte de la présente publication.
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9) L'attention est attirée sur le fait que certains des éléments de la présente publication de I''EC peuvent faire
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence

La Norme internationale IEC 60384-22 a été établie par le comité d'études 40 de I'lEC:
Condensateurs et résistances pour équipements électroniques.

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

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

a) révision de la structure conformément aux directives ISO/IEC, Partie 2:2016 (septiéme
édition), dans la mesure du possible, et pour I'harmonisation avec I'lEC 60384-21;
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b) suppression de la description de la puissance réactive admissible en 6.2.2, parce qu'elle
n'est pas adaptée aux besoins du présent document;

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

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

abouiti a I'approbation de cette Norme internationale.

Ced

Une

FDIS

Rapport de vote

40/2640FDIS

40/2652RVD

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

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

site web de I'lEC.

Le @
stab

relatives a la publication recherchée. A cette date, le document-sera

omité a décidé que le contenu de ce document ne sera pas‘ modifié avant la datg

éral
ur le

e de

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

e rleconduit,

() q

upprime,

e rlemplacé par une édition révisée, ou

e amendé.
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CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES —

Partie 22: Spécification intermédiaire —
Condensateurs multicouches fixes a diélectriques
en céramique pour montage en surface, de Classe 2

omaine d'application

résente partie de I'lEC 60384 est applicable aux condensateurs multicou€hes fixg¢s a
diélgctriques en céramique pour montage en surface non encapsulés, Classe 2, utilisés gans
les Bquipements électroniques. Ces condensateurs possédent des pastilles, de connexion
métallisées ou des bandes de brasure et sont destinés a étre montés sur des cgrtes

imprimées ou directement sur des substrats de circuits hybrides.

Les| condensateurs d'antiparasitage ne sont pas inclus, mais~ils sont couverts | par
I'"EQ 60384-14.

L'objet du présent document est de prescrire des caractéristiques et des valeurs assigfées
préferentielles et de sélectionner a partir de I'lEC 60384~2 les procédures d'assurance de la
gualjté, les essais et les méthodes de mesure appropriées et de donner les exigence$ de
perfprmance générales pour ce type de condensatedr. Les exigences et les sévérités|des
essgis prescrits dans les spécifications particulieres se référant a la présente spécification
inteimédiaire sont d'un niveau de performance supérieur ou égal; des niveaux| de
perfprmance inférieurs ne sont pas admis.

2 [Reéférences normatives

Les |[documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des | exigences du présent.document. Pour les références datées, seule I'édition ¢itée
s'applique. Pour les références non datées, la derniere édition du document de référgnce
s'applique (y compris les_éventuels amendements).

IEC 60063, Séries devaleurs normales pour résistances et condensateurs

IEC60068-1:2013, Essais d'environnement — Partie 1: Généralités et lignes directrices

IEC [60068-2-58:2015, Essais d'environnement — Partie 2-58: Essais — Essai Td — Méthgdes
d'espaide la soudabilité, résistance de la métallisation a la dissolution et résistance |a la
chaleurdebrasage des compuosants pour momnmtage emrsurface (EMS)

IEC 60068-2-58:2015/AMD1:2017

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

Part

ie 1: Spécification générique

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

ISO

3:1973, Nombres normaux — Séries de nombres normaux
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Termes et définitions

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

que

les suivants, s'appliquent.

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

3.1
con

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

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

lensateur multicouche pour montage en surface

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

3.2
con

lensateur a diélectrique en céramique, Classe 2

condensateur doté d'un diélectrique a permittivité élevée et adaptéypour des application
contournement et de couplage ou pour des circuits discriminateurs de fréquence lorsqu

faibl

Note

es pertes et une stabilité élevée de capacité ne sont pas,de-premiére importance

1 a l'article: Le diélectrique en céramique est caractérisé par(la variation non linéaire de capacité

plagg de température de catégorie (voir Tableau 2).

3.3
sou

5-classe

varigation maximale en pourcentage de capacité a l'intérieur de la plage de températurg

caté

Note

3.4

gorie par rapport a la capacité a 20 °C

1 a l'article: La sous-classe peut étre exprimée sous forme de code (voir le Tableau 3).

plage de températures de catégorie

plage des températures ambiahtes pour laquelle le condensateur est concu en vue
fonctionnement permanent

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

3.5

température-dssignée

Tr

N

manjiérécontinue

des
des

de
de

A"

ur la

p de

d'un

le de

de

temTérature ambiante maximale a laquelle la tension assignée peut étre appliquée

3.6

tension assignée

Ug

tension continue maximale qui peut étre appliquée de maniéere continue a un condensateur a
n'importe quelle température entre la température minimale de catégorie et la température
assignée

Note

1 a l'article: La tension continue maximale est la somme de la tension continue et de la valeur de créte

tension alternative ou de la valeur de créte de la tension d'impulsion appliquées au condensateur.

de la
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3.7

tension de catégorie

Uc

tension maximale pouvant étre appliquée de maniére continue a un condensateur a sa
température maximale de catégorie

4 Informations devant figurer dans une spécification particuliére

4.1 Généralités

Les [Specifications partculieres doivent etre etablies a partr de la speciication partcul|ére-
cadre applicable.

Les [spécifications particuliéeres ne doivent pas indiquer d'exigences inférieures @-celles de la
spégification générique, intermédiaire ou particuliere-cadre. Lorsque des. €xigences [plus
sév@res sont incluses, elles doivent étre indiquées en 1.9 de la spécification particuliéne et
dang les programmes d'essais, par exemple par un astérisque.

Par |commodité, les informations données en 4.2 peuvent étre pfésentées sous formg¢ de
tableau.

Les |informations présentées aux paragraphes 4.2 a 4.5 dowent étre données dans chaque
spégification particuliére et il convient de choisir les valeurs, citées parmi celles données dans
I'article approprié de la présente spécification intermédiaire.

4.2 Dessin d'encombrement et dimensions

Une| illustration des condensateurs doit étre, incluse pour permettre de reconnaitre ef de
comparer facilement des condensateurs avec.d'autres.

Les |dimensions et les tolérances quieur sont associées, qui affectent I'interchangeabili{é et
le montage, doivent étre indiquées_dans la spécification particuliére. Toutes les dimengions
doivent étre indiquées en millimetres, toutefois, lorsque les dimensions originales fkont
indiquées en pouces, les dimensions métriques converties en millimétres doivent |étre
ajougées.

Normalement, les valeurs numériques de la longueur, de la largeur et de la hauteur du cprps
doivent étre indiquées.) Si nécessaire, par exemple lorsqu'un certain nombre d'éléments (tgilles
et plages de capacités/tensions) sont couverts par une spécification particuliére, les dimengions
et lels tolérancestassociées doivent étre placées dans un tableau sous le dessin.

Lorgque la-eonfiguration est différente de celle décrite ci-dessus, la spécification particuliére
doit|indiquer de telles informations sur les dimensions afin de décrire correctement les
condénsateurs.

4.3 Montage

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

4.4  Valeurs assignées et caractéristiques
44.1 Généralités

Les valeurs assignées et les caractéristiques doivent étre conformes aux articles
correspondants de la présente spécification intermédiaire, ainsi qu'aux paragraphes 4.4.2,
4.4.3 et 4.4.4.
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4.4.2 Plage de capacités nominales

Voir 6.2.4.1.

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

4.4.3 Caractéristiques particulieres

Des| caractéristiques supplémentaires peuvent étre indiquées, si elles sont considé

rées

comme nécessaires pour spécifier de facon appropriée le composant pour les besains de la

congeption et de l'application.

4.4, Brasage

La spécification particuliére doit prescrire les méthodes d'essai, les sévérités et les exige
applicables aux essais de brasabilité et de résistance a la chaleur de)brasage.

4.5

La gpécification particuliere doit indiquer le contenu du marquage sur le condensateur e
I'empallage. Les écarts par rapport a I'Article 5 de la présente spécification interméd
doivent étre indiqués de maniere spécifique.

5.1

Voir|2.4 de I'|EC 60384-1:2016, avec les détails de 5.2 a 5.6.

5.2

Les
suivante; I'importance relative de chaque élément est indiquée par sa position dans la liste:

5.3

Marquage

Marquage

Généralités

Informations relatives au-marquage

informations fournies (par le marquage sont normalement sélectionnées dans la

¢apacité nominale;

tension assignée (la tension continue peut étre représentée par le symbh
___ [IEC60417-5031(2002-10)] ou — );

tplérance-sur la capacité nominale;
gous-classe de diélectrique, selon le cas (conformément & 6.2.5);

nces

sur
aire

liste

h

ole:

annde et mais (ol semaine) de fahrication:
\ 7 7

nom du fabricant ou marque commerciale;
catégorie climatique;
désignation du type par le fabricant;

référence a la spécification particuliere.

Marquage sur le corps

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

est

jugé utile. Il convient d'éviter les redondances sur le marquage du condensateur.
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5.4 EXxigences relatives au marquage

Tout marquage doit étre lisible et difficilement effacable par frottement des doigts.

5.5 Marquage de I'emballage

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

5.6 Marquage supplémentaire

Touf autre marquage doit étre appliqué de telle sorte que cela n'entraine pas de confusior.

6 |aleurs assignées et caractéristiques préférentielles

6.1 | Caractéristiques préférentielles

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

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

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

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

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

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

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

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

6.2 | Valeurs assighées préférentielles
6.2.1 Tempeérature assignée (Tg)

La fempérature assignée est égale a la température maximale de catégorie pour| les
condensateurs dont la température maximale de catégorie ne dépasse pas 125 °C, pauf
indigation contraire de la spécification particuliére.

6.2.2 Tension assignee (Ug)

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

La somme de la tension continue et de la plus grande parmi la valeur de créte de la tension
alternative et la valeur créte a créte de la tension alternative, appliquée au condensateur ne
doit pas dépasser la tension assignée.
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6.2.3 Tension de catégorie (Ug)

La tension de catégorie est égale a la tension assignée pour les condensateurs dont la
température maximale de catégorie ne dépasse pas 125 °C. Toutes les tensions de catégorie
différentes de la tension assignée, pour des condensateurs dont la température maximale de
catégorie dépasse 125 °C ou pour des condensateurs a haute tension avec des tensions
assignées d'environ 500 V, doivent étre fournies par la spécification particuliére.

Les valeurs préférentielles de la tension de catégorie a la température maximale de catégorie
de 125 °C pour des condensateurs de grand volume, avec une tension assignée inférieure ou
égale 4 16 V et une température assignée de 85 °C sont données dans le Tableau 1.

Tableau 1 — Valeurs préférentielles de tensions de catégorie

U
U

\% 2,5 4 6,3 10 16
\Y 1,6 2,5 4 6,3 10

R

C

NOTE Les valeurs numériques de U. sont calculées a partir de la|fermule
suivante:

Uc = 0,63 x Up.

6.2.4 Valeurs préférentielles de capacité nominale et valéurs de tolérance assocides
6.2.4.1 Valeurs préférentielles de la capacité nominale

Les |valeurs de capacité nominale doivent provenirde’ la série de valeurs de I'lEC 60063f les
sérigs E3, E6 et E12 sont les séries préférentielles:

6.2.4.2 Tolérances préférentielles surdacapacité nominale

Voir|Tableau 2.

Tableau:2 — Tolérances préférentielles

Séries préférentielles Tolérance Lettre de codage
%
E3\et E6 -20/+80 4
-20/+50 S
E6 + 20 M
E6 et E12 + 10 K
62\:! Cﬂlﬂbtél;bt;quc CIIC tC|||pé|atU|c L:C L'UIIL;CIIDatCUI

Le Tableau 3 indique par une croix les valeurs préférentielles de la caractéristique de
température avec et sans tension continue appliquée. La méthode de codage de la sous-
classe est également donnée; par exemple un diélectrique avec un pourcentage de variation
de £20 % sans tension continue appliquée sur la plage de températures allant de -55 °C a
+125 °C, sera défini comme un diélectrique de sous-classe 2C1.

La plage de températures pour laquelle la caractéristique de température du diélectrique est
définie est la méme que la plage de températures de catégorie.
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Tableau 3 — Caractéristique de température de condensateur

Variation maximale de capacité dans la Plage de températures de catégorie et
plage de températures de catégorie par code numérique correspondant
Code rapport a la capacité a 20 °C mesurée avec
alphan et sans tension continue appliquée -55/+150 | -55/+125 | -55/+85 | —40/+85 | -25/+85 | +10/+85
umériq o
ue de % °C °C °C °C °C °C
csl(;lsjzé sans tension avec tensic_Jn qontinue
continue appliguée 0 1 2 3 4 6
appliquée (NOTE 1)
2B +10 X X X
2¢C +20 X X X
2b +20/-30 Exigences indiquées dans x x
la spécification
2E +22/-56 particuliére x x e
2F +30/-80 X X X
2R +15 X X X X
Lorsgue la température maximale de catégorie dépasse 125 °C, il convient que les limites de variation de capacité, av¢c et
sang application de tension continue, figurent dans la spécification particuliére.
NOTE 1 La tension continue appliquée est soit la tension assignée soit la tension indiquée~dans la spécification particuliéfe.
NOTJE 2 "x" indique préférentiel.

NOTE Se reporter a I'Annexe C pour la température de référence de 25 °C, a titre de recommandation informative.
6.2.¢6 Dimensions

Les |régles proposées pour la spécification et¢léycodage des dimensions sont présenté
I'Anpexe A.

D
(7]
Q.

Les dimensions spécifiques doivent étre-données dans la spécification particuliére.

7 Procédures d'assurance de’la qualité

7.1 | Etape initiale de fahrication

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

7.2 Modeélesyassociables

Les |condensateurs considérés comme étant associables sont des condensateurs produfts a
partjr dé_matériaux et processus similaires, bien que leurs valeurs et les tailles des boifiers
puisgerit-étre différentes.

7.3 Enregistrements certifiés de lots livrés

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

7.4 Homologation
7.4.1 Généralités

Les procédures d'essais d'homologation sont présentées a I'Article Q.2 de I'lEC 60384-1:2016.
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Le programme a utiliser pour les essais d'homologation s'appuyant sur des essais lot par lot
et des essais périodiques est présenté en 7.5. La procédure utilisant un programme avec un
nombre d'échantillons fixe est présentée en 7.4.2 et 7.4.3.

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

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

Pouf chaque caractéristique de température, I'échantillon doit étre constitué de spécimeng de
condensateurs de tailles maximale et minimale et ayant pour chacune de ces tailles-la,valeur
maxjmale de capacité pour la tension assignée la plus élevée et pour la tension<assignée
minimale des plages de tensions pour lesquelles une homologation est demandée| En
présence de plus de quatre tensions assignées, une tension intermédiaire\'doit également
fairdg I'objet d'essais. Ainsi, pour homologuer une plage, il est exigé que lesessais porteng sur
guafre ou six valeurs (combinaisons capacité/tension) pour chaque€ )caractéristiqug de
temﬂ)érature. Lorsque la plage totale est composée de moins de quatre(¥aleurs, le nombrg de
spég¢imens soumis a essai doit étre celui exigé pour quatre valeurs.

Lorgqu'un niveau d'assurance EZ est utilisé, des spécimens de’techange sont admis selon les
modgalités suivantes:

Deuk (pour six valeurs) ou trois (pour quatre valeurs),par valeur peuvent étre utilisés pour
remplacer les spécimens non conformes en raison d'in¢gidents non attribuables au fabricant.

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

Lorgque des groupes supplémentaires sont ajoutés au programme d'essais d'homologatiop, le
nompre de spécimens exigé pour le Groupe 0 doit se voir ajouter le nombre exigé pouf les
groypes supplémentaires.

Le Tableau 4 donne le nombre’ d'échantillons a soumettre a essai dans chaque group¢ ou
soug-groupe et le nombré admissible d'éléments non-conformités pour les egsais
d'homologation.

7.4.8 Essais

Les [séries completes d'essais spécifiés dans le Tableau 4 et le Tableau 5 sont exigées pour
I'homologation ‘des condensateurs couverts par une spécification particuliére. Les essais de
chaque greupe doivent étre effectués dans l'ordre indiqué.

La tbtalité de l'échantillon-doit-étre soumise—aux—essais—du ("rnllrr_\n ﬂ, pIIiC divisée. pou les

autres groupes.

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

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

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

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

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

Groupe Essai Paragraphe de Nombre de Nombre
n cette spécimens admissible
publication R d'éléments non
n conformes
c
0 Examen visuel 8.5
Dimensions 8.5 132 + 24 ¢ 0
capacite 80T
Tangente de I'angle de perte 8.6.2
Résistance d'isolement 8.6.3
Tenue en tension 8.6.4
Spécimens de rechange 12
1A Robustesse des sorties 9 8.16 12 0
Résistance a la chaleur de brasage 8.10
Résistance au solvant des composants P 8.17
1B Impédance b 8.6.5 12 0
Résistance série équivalente ° 8.6.6
Brasabilité 8.11
Résistance au solvant du marquage ° 818
P Essai de courbure du substrat ¢ 8.9 12 0
3|2 Montage 8.4
Examen visuel 8.5 84 +24f 0¢
Capacité 8.6.1
Tangente de I'angle de perte 8.6.2
Résistance d'isolement 8.6.3
Tenue en tension 8.6.4
31 Essai de cisaillement(" 8.8 24 0
Variations rapides\de’température 8.12
Séquence climatique 8.13
3|2 Chaleur humide, essai continu 8.14 24 0
3|3 Endutance 8.15 36 0
3|4 Chaleur humide, essai continu accéléré P 8.19 241 0
| Caractéristique de température de 8.7 12 0
condensateur

a8 Les valeurs de ces mesures servent de mesures initiales pour les essais du Groupe 3.
b Sjexigé dans la spécification particuliére.

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

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

€ Combinaisons capacité/tension, voir 7.4.2.
f Condensateurs supplémentaires si le Groupe 3.4 est soumis a essai.

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

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

Numéro de paragraphe et D Conditions d'essai Nombre de Exigences de
essai ou . spécimens (n) performances
_ ND (voir NOTE 1) et nombre _
(voir NOTE 1) d'éléments (voir NOTE 1)
non
conformes (c)
GROUPE 0 ND Voir Tableau 4
8.5 Examen visuel Selon 8.5.3
Marquage lisible et
comme indiqué dans la
spécification particuliéfe
8.5 Dimensions (détail) Se reporter a la
spécification particuliefe
8.6.]l Capacité Fréquence: ... Hz Sans dépasser la
Tension de mesure:...V en tolérance specifiée
valeur efficace
8.6. Tangente de I'angle Fréquence et tension de Selon 8.6.2.3
de perte (tan o) mesure selon 8.6.1
8.6.p Résistance La méthode est indiquée Selon 8.6.3.4
d'isolement dans la spécification
particuliére
8.6.4 Tenue en tension La méthode est indiquée Pas de claquage ni de|
dans la spécification contournement
particuliére
GRQUPE 1A D Voir Tableau 4
8.14 Robustesse des Essai Ua,, Force: 2,5\N
sorties . .
(le cas échéant) Essai Ub, Méthodé 4,
Force:2;5 N
Nombre“de
courbures: 1
Examen (isuel Aucun dommage visiblle
8.1(0.3 Mesure initiale Capacité
8.1( Résistance a la Préconditionnement spécial
chaleur de brasage selon 8.2
La méthode est indiquée
dans la spécification
particuliére
Rétablissement: 24 h+ 2 h
8.10.6 Mesure finale Examen visuel Selon 8.10.6
Capacité Selon 8.10.6
8.17 Résistance au Solvant: ... Se reporter a la
solvant des _ Température du solvant: ... spécification particuliéfe
composants (si cela j
ést exigé) Méthode 2
Rétablissement:
GROUPE 1B D Voir Tableau 4
8.6.5 Impédance Fréquence: 100 kHz Se reporter a la

(si cela est exigé)

8.6.6 Résistance série
équivalente
(si cela est exigé)

8.11 Brasabilité

8.11.4 Mesures finales

8.18 Résistance au solvant
du marquage 2

(si cela est exigé)

Fréquence: 100 kHz

La méthode est indiquée
dans la spécification
particuliere

Examen visuel

Solvant: ...
Température du solvant: ...
Méthode 1

spécification particuliére

Se reporter a la
spécification particuliere

Selon 8.11.4

Marquage lisible
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Numéro de paragraphe et D Conditions d'essai Nombre de Exigences de
essai ou ) spécimens (n) performances
ND (voir NOTE 1) et nombre
(voir NOTE 1) d'éléments (voir NOTE 1)
non
conformes (c)
Matériau de polissage: coton
hydrophile
Rétablissement: ...
GROUPE 2 D Voir Tableau 4
8.9 Essai de courbure du Flexion: ... Se reporter a la
suhctrat NOOTre de CouThuTeS— cpnr-ufuﬂahnn parhr-nlun e
8.9.p  Mesure initiale Capacité
8.9.8 Controle final Capacité (avec carte lacic| <10%
imprimée en position
courbée) Aucun dommage visible
Examen visuel
GRQUPE 3 D Voir Tableau 4
8.4 Montage Matériau du substrat: ...°
Examen visuel Selon 8.5.3
Capacité Sans dépasser la
tolérance spécifiée
Tangente de I'angle de perte Selon 8.6.2.3
Résistance d'isolement Selon 8.6.3.4
Tenue en tension Pas de claquage ni de|
contournement
GROQUPE 3.1 D Voir Tableau 4
8.8 Essai de cisaillement Examen visuel Aucun dommage visiblle
8.14.3 Mesure initiale Capacité
8.17 Variations rapides de Préconditionnement spécial
température selon 8.2
T, = Température minimale
de catégorie
Tg = Température maximale
de catégorie
Cing cycles
Durée t; = 30 min
Rétablissement: 24 h £ 2 h
8.14.6 Mesures finalés Examen visuel Aucun dommage visiblle
Capacité ACIC: selon 8.12.6
8.13 Séquence climatique Préconditionnement spécial
selon 8.2
8.13.3 ,Nlesure initiale Capacité
8.13.4\ €haleur séche Température: température
maximale de catégorie
Durée: 16 h
8.13.5 Chaleur humide,
cyclique, essai Db,
premier cycle
8.13.6 Froid Température: température
minimale de catégorie
Durée: 2 h
Examen visuel Aucun dommage visible
8.13.7 Chaleur humide, Rétablissement: 24 h+ 2 h

cyclique, essai Db,
cycles restants
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Numéro de paragraphe et D Conditions d'essai Nombre de Exigences de
essai ou ) spécimens (n) performances
ND (voir NOTE 1) et nombre
(voir NOTE 1) d'éléments (voir NOTE 1)
non
conformes (c)
8.13.8 Mesures finales Examen visuel Aucun dommage visible
Marquage visible
Capacité AC/C: selon 8.13.8
Tangente de I'angle de perte Selon 8.13.8
Résistance d'isolement Selon 8.13.8
GREYRE=S-2 B VeHTaklead4
8.14 Chaleur humide Préconditionnement spécial
essai continu selon 8.2
8.14.3 Mesure initiale Capacité
Rétablissement: 24 h+ 2 h
8.14.6 Mesures finales Examen visuel Aucun dommage visible
Marnguage visible
Capacité ACIC: selon 8.14.6
Tangente de I'angle de perte Selon 8.14.6
Résistance d'isolement Selon 8.14.6
GRQUPE 3.3 D Voir, Tableau 4
8.11 Endurance Préconditionnement spécial
selon 8.2
Durée: ... h
Température: ...°C
Tension: ... V
8.14.3 Mesure initiale Capacité
Rétablissement.'24 h £ 2 h
8.14.6 Mesures finales Examen visuel Aucun dommage visiblle
Marquage visible
Capacité ACI/C: selon 8.15.6
Tarigente de I'angle de perte Selon 8.15.6
Résistance d'isolement Selon 8.15.6
GROQUPE 3.4 D Voir Tableau 4
8.1d Chaleur humide, Durée: ... h
essai continu Température: 85 °C £ 2 °C
accéléré (si celalest e )
exigé) Humidité relative: 85 % = 3 %
8.19.2 Mesure initiale Résistance d'isolement Selon 8.19.2
8.19.5 Mesurefinale Rétablissement: 24 h+ 2 h Selon 8.19.5
Résistance d'isolement
GRQUPE 4 ND Voir Tableau 4
87 wdl a\,tél;at;quc UIC PIé\;UIIU‘;t;UIIIICIIIUIIt Qpé\;lﬂ: L\bl’b. bﬂiUll O. 7.9
température de selon 8.2
condensateur

NOTE 1 Les numéros des paragraphes des essais et des exigences de performances font référence a
I'Article 8.

NOTE 2 Dans ce tableau: D = destructif, ND = non destructif.

& Cet essai peut étre effectué sur les condensateurs montés sur un substrat.

b Lorsque différents matériaux de substrat sont utilisés pour un sous-groupe, la spécification particuliére doit

indiquer le matériau de substrat utilisé dans chaque sous-groupe.
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Contréle de conformité de la qualité

7.5.1 Formation des lots de contrble

7.5.1.1 Contrble des groupes A et B

Ces

essais doivent étre effectués lot par lot.

Un fabricant peut répartir la production actuelle en lots de contrdle soumis aux moyens de
protection suivants.

1)
2a)

2b)
7.5.
Ces

Les
SPéC

1 Lot ol P | aladit ok ey Sl Al + H .l L + Z. 2\
LT TUL UT CUITIITUIT UUTLU TUT CLUTIOLIUT UT CUTTUTTISOAITUTS dooULIANIT O \VUII I.L}.

L'échantillon soumis a essai doit étre représentatif des valeurs et des dimeny
présentes dans le lot de contrdle:

— en fonction de leur nombre;

— avec un minimum de cinqg valeurs quelconques.

Si I'échantillon contient moins de cing valeurs quelconques, le ‘prélevement
échantillons doit faire I'objet d'un accord entre le fabricant et I'organisme de certificati

.2 Contréle du Groupe C

essais doivent étre effectués périodiquement.

échantillons doivent étre représentatifs de la production actuelle pour les du
ifiées et doivent étre divisés en tailles petites,~moyennes et grandes. Pour couvr

dan
d'au

7.5.

Le ¢

conflormité de la qualité est présenté a I'Article 2 de la spécification particuliére-cadre.

7.5.

Si, @
effe

gam{me d'homologation sur n'importe quelle duré€) Pessai a une tension doit étre effe

chaque groupe de tailles. Pour les durées suivantes, les essais doivent porter|
res tailles et tensions assignées en produétion pour couvrir toute la gamme.

p Programme d'essais

rogramme pour les essais lot paitot et pour les essais périodiques pour le contrdl

8 Livraison différée

onformément aux procédures de Q.1.7 de I'lEC 60384-1:2016, un autre contrble doit
Ctué, la brasabilité.et la capacité doivent étre controlées comme cela est spécifié da

con

7.5.

Il canvientide choisir les niveaux d'assurance donnés dans la spécification particuliére-c
depliis’/le-Tableau 6 et le Tableau 7.

Ole des groupes A et B.

Niveaux d'assurance

ions

des

rées
ir la
ctué
sur

\1%

de

étre
s le

adre
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