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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 21: Sectional specification:
Fixed surface mount multilayer capacitors
of ceramic dielectric, Class 1
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Capacitors and resistors for etectronic equipment.

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

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

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

FDIS Report on voting
40/1420/FDIS 40/1451/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

* reconfirmed;

* withdrawn;
» replaced by a revised edition, or
*+ amended.

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

The coptents of the corrigendum of September 2004 have been includeW\in this copy.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -
Part 21: Sectional specification:

Fixed surface mount multilayer capacitors
of ceramic dielectric, Class 1

1 General

1.1 cope

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

Capaci ered by
IEC 60

1.2

The ob select
from IE asuring
method r. Test
severit specjfications referring to this se¢ctional
specifig are not
permitte

1.3

The following re S indi icati i ument.
For da ity edition
of the n

IEC 60

Amend

Amendfn

IEC 60

IEC 60 ods for

solderablllty, reSIStance to d/ssolut/on of metall/zat/on and to solder/ng heat of surface
mounting devices (SMD)

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

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

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

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

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

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

The following information shall be given |n each detail specmcatlon and the values quoted
shall p ctional
specifig

ation.

1.41 Outline drawing and dimensions

There [shall be an illustration of the capacitors as an aiK to i and for
comparison of the capacitors with others.

Dimengions and their associated tolerances, which a fec i ; iH unting,
shall He given in the detail specification. All diy hted in

miIIimjres however, when the original dimensign metric
dimensfions in millimetres shall be added

Normamy the numerical values shall be\give p width and height of the¢ body.
When mecessary, for example when a p [ [ ranges)
are coyered by a detail specification, i ghall be
placedl|in a table below thesdrawing

When J1e configuratio fe such
dimensfional informatio

1.4.2

The de bunting
for tesf of this
section

1.4.3

The rafings and_ chaxacteristics shall be in accordance with the relevant Clauses |of this
specifigation, together with the following:

1.4.3.1 Rated capacitance range

See 2.2.4.1

NOTE When products approved to the detail specification have different ranges, the following statement should
be added: “The range of capacitance values available in each voltage range is given in IECQ 001005”.

1.4.3.2 Particular characteristics

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

1.4.3.3 Soldering

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

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

1.5 Terms and definitions

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

1.5.1
surfac citor
a capagitor whose small dimensions and nature or shape of terminations( make\t surtzlzble for

surfacgd mounting in hybrid circuits and on printed boards
1.5.2
fixed clapacitors, ceramic dielectric, Class 1
a capagitor specially designed and suited for resonant cirguit\applicay losses
and high stability of capacitance are essential or wherg S i erature
coefficient is required, for example for compensating te
The cefamic dielectric is defined by its rated tempera
1.5.3
subcIaEs
for a given rated temperature coefficient on the
temperpture coefficient (see Table 2)
NOTE The rated temperature goefficie Iera ce Yefer to the temperature interval of +R0 °C to
+85 °C, put because in practite 0t S y Nnear, it is necessary to define limiting capacitance
deviatior] (AC/C) for other tg
1.5.4
category temp
range of ambient/tetpe which the capacitor has been designed to ¢pperate
contindously; this jggiven ahd upper category temperature
1.5.5
rated t
maxim at which the rated voltage may be continuously applied
1.5.6
rated V
pusly to

a capacrtor at any temperature between the Iower category temperature and the rated
temperature

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

1.5.7

category voltage

Uc

maximum voltage which may be applied continuously to a capacitor at its upper category
temperature
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1.6 Marking

See 2.4 of IEC 60384-1with the following details:

1.6.1 The information given in the marking is normally selected from the following list; the

relative importance of each item is indicated by its position in the list:

a)

b)

c)
)
)

rated capacitance;
rated voltage (d.c. voltage may be indicated by the symbol === or — );

olerance on rated capacitance;

t
t

o

em
e) yeall and month (or week) of manufacture;
f) manufacturer’s name or trade mark;
g) climptic category;
h) manufacturer’s type designation;
i) refefence to the detail specification.
1.6.2 [These capacitors are generally not marked \bod ‘ i can be
5 as is

consid¢red useful. Any duplication of informatiop : [ buld be
avoided.

1.6.3
finger.

vith the

1.6.4 ritaini ¢ hall be clearly marked with the
informa

1.6.5

2 Pr

2.1

The va

211

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

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

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

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

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

NOTE The resistance to humidity resulting from the above climatic category is for the capacitors in their
unmounted state. The climatic performance of the capacitors after mounting is greatly influenced by the mounting
substrate, the mounting method (see 4.3) and the final coating.


https://iecnorm.com/api/?name=07853eb4ce2ac935c364c344e6b336f2

-10 - 60384-21 O IEC:2004(E)

2.2 Preferred values of ratings
2.21 Rated temperature

For capacitors covered by this sectional specification, the rated temperature is equal to the
upper category temperature, unless the upper category temperature exceeds 125 °C.

222 Rated voltage (Ug)

The preferred values of the rated voltage are the values of the R5 series of ISO 3. If other
values are needed they shall be chosen from the R10 series.

223 Category voltage (Ug)

When [he rated temperature is defined as the upper category te
voltagd is equal to the rated voltage as defined in IEC 60384-1, 2.2
temperpture exceeds 125 °C, or the rated voltages exceed 500 V,
be given in the detail specification.

htegory
htegory
e shall

224 Preferred values of rated capacitance and asséciated
2241 Preferred values of rated capacitance

Rated ¢apacitance values shall be taken from t arie 6Q063; the E6, E12 and E24

2.24.2 Preferred tolerance on rated capa

See Taple 1.

Table erance vn rated capacitance

— Preferred\to
(N
N

Preferr \ Tolerance
es
@ Cr §1£ p\F\ \.}Mr code Cr <10 pF Letter code
M

PN 25096 +2 pF G

\g 1\2\ \_\10\%\/ K +1 pF F
<\EK W J + 0.5 pF D
£2% G +0.25 pF C

x\ +1% F +0.1 pF B

2.2.5 “—Femperaturecoefficient{a)

2.2.5.1 Table 2 shows the preferred rated temperature coefficients and the associated

tolerances, expressed in parts per million per degree Kelvin (10-8/K), and the corresponding
subclasses and codes.

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

For values of capacitance lower than this minimum value:

a) The detail specification shall specify a multiplying factor for the tolerance on a, as well as
the permissible changes of capacitance at the lower and upper category temperature.
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b) Special methods of measurement may be necessary and if required shall be tested in the
detail specification.

Table 2 — Rated temperature coefficient and tolerance

Rated temperature coefficient | Tolerance on temperature | Subclass Letter code for
(10-6/K ) coefficient (10-6/K ) a Tolerance
+100 + 30 1B A G
0 + 30 1B c G
-33 +30 1B H G
=75 +36 B G
-150 + 30 1B G
-220 +30 1B R Q G
-330 + 60 1B S \/
-470 + 60 x H
-750 +120 B N U J
~1000 250 1F K
-1 500 +250 /;\F Y% K
+140 = a = -1 000 F\\) SL -

a)| This temperature coefficient valug”i ot gubject to in pe&t\)] ce no limits for relatiyve
capacitance variation are specified i Tabl 3.

DTE 1 Preferred temperature coefficie

pd

ce
ch

CQ

2.2.5.2 ce, the
permissgi ‘ E itance expressed in parts per thousand at bpth the
upper eratures. Temperature coefficients and tolerances are

expressed i i per degree Kelvin (10-6/K).
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Table 3 — Combination of temperature coefficient and tolerance

Permissible relative variation in capacitance in parts per 1 000
between 20 °C and given temperature

Lower category temperature Upper category temperature
a Tolerance
-55°C -40 °C -25°C -10 °C +70 °C +85 °C +100 °C +125 °C
10-6/K 10-6/K
+100 +30(G) -9,75/ -7,80/ -5,85/ -3,90/ 3,50/ 4,55/ 5,60 / 7,35/
-3,71 -2,96 -2,22 -1,48 6,50 8,45 10,4 13,7
0 +30(G) -2,25/ -1,80/ -1,35/ -0,90/ -1,50/ -1,95/ -2,40/ -3,15/
545 436 327 218 150 105/ 240 3,15
-33 +30(G) 0,225/ 0,180/ 0,135/ 0,090/ -3,15/ -4 / —5,04./ -6,62 /
8,47 6,77 5,08 3,39 -0,15 ,195 (1 —0,240 -0,32
-75 +30(G) 3,38/ 2,70/ 2,03/ 1,35/ -5,25/ 6,83/ -840/ -11,0/
12,3 9,85 7,39 4,92 -2,25 -29 =3, -4,73

-150 +30(G) 9,00/ 7,20/ 5,40/ 3,60/ -9,00/ NBHA -1 / -18,9/
19,2 15,3 11,5 7,67 <6, R 80 ,60 -12,6

-220 +30(G) 14,3/ 11,4/ 8,55/ 5,70 / 12}\ \%ﬁ\24£/ -20,0/ -26,3/
25,6 20,46 15,3 10,}/— -5%0 ™Y 12, -15,2 —-20,0

-330 +60(H) 20,3/ 16,2/ 12,2/ 8,10/ 19091~ ‘2,%4/ -31,2/ -41,0/
38,4 30,7 23,0 1 ,4{ 13, 7,6 -21,6 -28,4

7\ IS

-470 +60(H) 30,8/ 246/ 85/ \\ 12,37/ @5/ b 345/ | 42,4/ || -5571/
51,2 41,0 , 26,7 -32,8 43,1

750 || +120(9) 47,31 37,8/ 8,4\ 18,0 41 | 566/ | —69,6/ || —91,4/
82,3 65,8 4 2,9 -31,5 -41,0 50,4 66,2

-1000 || +250(k) 56,3 / 45,0/ 33(8 \5«/ 62,5/ | -81,3/ | -100/ || -131/
117 93,7 |\ 70 48,8 37,5 48,8 60,0 78,8

1500 || +250(Kk) 93,8/ \7520/ 56,3 ;| -87.5/ | -114/ | —140/ || -184/
65,1 62,5 -81,3 -100 ~131

NOTE freferred teWatL@ coeffi \ve&e\\&z \é>underlmed

When the upper catm\gp,rg)eq ratu% aw 1\255"0, the limits shall be given in the detail specification.

2.2.6

Sugges pecification and coding of dimensions are given in Annex A.
Specifi¢ all be given in the detail specification.

3 Qu

3.1 Primary stage of manufacture

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

3.2  Structurally similar components

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

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

3.4 Qualification approval

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

The schedule to bhe used for qnlqlifihnfinn approval testing on the hasis_Qf lot-hy-lot and

periodi¢ tests is given in 3.5 of this specification. The procedure using (@ fixed_samgple size
schedulle is given in 3.4.1 and 3.4.2.

3.4.1 Qualification approval on the basis of the fixed sample

The fixed sample size procedure is described in item b) of
shall bg representative of the range of capacitors for whig
may ng i

sample
may or

For ea tors of
maximym and minimum size and for each of th ze um capamtance value for
the highest rated voltage and minimupd ra v pproval
is sought. When there are more than four ra also be
tested.[ Thus for the approval of a range, te i values
(capac range
consist] pquired
for four . p is s e n 6ne temperature coefficient, seg¢ 3.4.2.

In case

Two (fgr six valt
for spgcimens,
manufgcturer.

per value which may be used as replacements
ing because of incidents not attributable [to the

The nu 3" given, i assume that all groups are applicable. If this is not [so, the
numbe

When it 5s 4Are introduced into the qualification approval test schedyle, the
numbe i s, required for Group 0 shall be increased by the same number [as that

required fof the addjtional 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.

3.4.2 Tests

The complete series of tests specified in Table 4 and 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
groups.
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“One non-conforming item” is counted when a capacitor has not satisfied the whole or a part
of the tests of a group.

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

The approval is decided on an individual temperature coefficient basis in accordance with the
permissible number of non-conforming items indicated in Table 4. In order to calculate the
total actual non- conformmg items for temperature coefficients other than the smallest, the

non-conformin added
to the |non-conforming items in Subgroup 3.3 and Group 4 for that pafti erature
coeffici

The ajf ked the
specifigd number of permissible non-conforming items for eag nd the

total nd

NOTE ils for the
sampling with the
details ormance
requirem made in
detail spp

The condliti bntical to

those prq



https://iecnorm.com/api/?name=07853eb4ce2ac935c364c344e6b336f2

60384-21 O IEC:2004(E) - 15—

Table 4 — Fixed sample size test plan for qualification approval — Assessment level EZ

Group Test Subclause of this Number of Permissible
publication specimens number of
No. non conforming
ne items
c
0 Visual examination 4.4
Dimensions 4.4 132 +24f 0
Capacitance 4.51
Tangent of loss angle 4.5.2
Insulation resistance 4.5.3
Voltage proof 4.5.4
Spare specimens 1{\
1A Robustness of termination 9 4.15 2 Q\({
Resistance to soldering heat 4.9
Component solvent resistance P \
18 | | Solderability \E> 0
Solvent resistance of marking P
2 Substrate bending test d /\\ \19 0
32 Mounting
Visual examination 84 +24f oc
Capacitance
Tangent of loss an
Insulation resistan
Voltage proof [\ (\
3.1 Sheart 24 0
Rapid ¢ mper.
Climatic 59\@
3.2 | | Damp néat, Seady state N/ 24 0
33 | | Endurance\ \( N 36 0
3.4 ccelera ed\&mp heaMady 24 f 0
LRERX
4 %m,%e}t;u é\}oe fcient and 4.6 12 0
temperature cycle drift
a  The Jalies of these measurements serve as initial measurements for the tests of Group 3.

b If requited 1N the detatt SpeciTtication.

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.

substrates.
€ Capacitance/voltage combinations, see 3.4.1.
f Additional capacitors, if Group 3.4 is tested.
9  Applicable to capacitors with strip terminations.

h Not applicable to capacitors with strip terminations.

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

Subclause number and test D Conditions of test Number of Performance
specimens requirements
(see NOTE 1) or (see NOTE 1) (n)
ND and (see NOTE 1)
number of
non-
conforming
items (c)
GROUP 0 ND See Table 4
4.4 Visual examination As in 4.4.2
g and as
< b detail
4.4 Dimension (detail) pecification
4.51 Capacitance Frequency: ... Hz ied tolerance
Measuring voltage: ... V r.m.s.<
4.5.2 fangent of loss angle Frequency and measuring As/in 4.5.2
tano) voltage same as in 4.5.1
4.5.3 nsulation resistance See detail specification\ for the, As in 4.5.3.3
method C
4.5.4 oltage proof See detail’specficatiofi for {hie ) No breakdown|or flashover
metho
GROUP 1A D See Table 4
4.15 Robustness of ter- No visible danmjage
minations
if applicable)
4.91 nitial measu; /k
4.9 Resistance \ See detail specification for the
Hering heat ethod
\/ Recovery: 6 h to 24 h
4.9.4 Final Visual examination Asin4.9.4
Capacitance Asin4.9.4
4.16 Componen Solvent: ... See detail spefification
Fesistance
ifapplicable) Solvent temperature: ...
vietnoua £
Recovery: ...
GROUP 1B D See Table 4
4.10 Solderability See detail specification for the
method
4.10.3 Final measurements Visual examination As in 4.10.3
417 Solvent resistance Solvent: ... Legible marking

of the marking a

(if applicable)

Solvent temperature: ...
Method 1

Rubbing material: cotton wool

Recovery: ...
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Subclause number and test D Conditions of test Number of Performance
specimens requirements
(see NOTE 1) or (see NOTE 1) (n)
ND and (see NOTE 1)
number of
non-
conforming
items (c)
GROUP 2 D See Table 4
4.8 Substrate bending Deflection: ... See detail specification
test
es Number of bends: ...
4.8.1 nittatmeasurement capacitance
4.8.2 FFinal inspection Capacitance (with printed | Ac/cl X
board in bent position) \
No visible age
Visual examination
GROUP | D & Fable 4 \v
4.3 Mounting Substrate material: ...P
Visual examination As\in 4.4.2
Capacitance ithin specifigdd tolerance
Tangent of loss angle Asin 4.5.2
Insulatign resistagte 5 As in 4.5.3.3
VoIta@Q No breakdown|or flashover
GROUP 3.1 D See Table 4
4.7 Shear test /\ No visible danmjage
4.11.1 nitial measurement
4.11 Rapid change of
emperature /E
ration #1= 30 min
\/ Recovery: 6 h to 24 h
4.11.4 Visual examination No visible danjage
Capacitance AC/C asin4.1)1.4
4.12
4.12.1 Capacitance
4.12.2 rv.heat Temperature: upper category
temperature
Duration: 16 h
4.12.3 Damp heat, cyclic,
test Db, first cycle
4.12.4 Cold Temperature: lower category

temperature
Duration: 2 h

Visual examination

No visible damage
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Subclause number and test D Conditions of test Number of Performance
(see NOTE 1) or (see NOTE 1) sPe‘zin';‘e"s requirements
ND and (see NOTE 1)
number of
non-
conforming
items (c)
4.12.5 Damp heat, cyclic, Recovery: 6 h to 24 h
test Db, remaining
cycles
4.12.6 Final measurements Visual examination No visible damage
legible marking
Capacitance t12.6
Tangent of loss angle
Insulation resistance /\
GROUP 3.2 D SeeJable 4
4.13 Damp heat, steady
State
4.13.1 nitial measurement Capacitance <
Recovery: 6 hto 24 h
4.13.4 Final measurements Visual examination No visible danjage
Legible marking
Capacjtansge S AC/C: Asin 4{13.4
As in 4.13.4
i As in 4.13.4
GROUP 3.3 D See Table 4
4.14 FEndurance /\
4.14.1 |Initial measurement /}
4.14.4 Final measurame No visible danjage
\ Legible marking
apagitance AC/C: Asin 414.4
Tangent of loss angle As in 4.14.4
\/ Insulation resistance As in 4.14.4
GROUP ] D See Table 4
4.18 Duration: ... h
Temperature: (85 £ 2) °C
(if requirgd) Humidity: (85 + 3) %
4.18.1 Aittat-measurement thsttation—resistance A48+
Recovery: 6 h to 24 h
4.18.4 Final measurements Insulation resistance As in 4.18.4
Group 4 ND See Table 4
4.6 Temperature Preliminary drying: 16 h to 24 h AC/C: Asin4.6.3
coefficient and cyclic
drift

NOTE 1 Subclause numbers of test and performance requirements refer to Clause 4.

NOTE 2 In this table: D = destructive, ND = non- destructive.

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

b When different substrate materials are used for the individual subgroup, the detail specification shall indicate which
substrate material is used in each subgroup.
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3.5 Quality conformance inspection

3.5.1
3.5.11

Formation of inspection lots

Group 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)

The inspection lot shall consist of structurally similar capacitors (see 3.2).

2a)l The sample tested shall be representative of the values ghd t dimeénsions
contained in the inspection lot:
— inrelation to their number;
— with a minimum of five of any one value.
2b)| If there are less than five of any one value in the samp wing of
samples shall be agreed between the manufac Ye-National Supervising
Inspectorate.
3.5.1.2 Group C inspection
These jests shall be carried out on a p
Samplg d shall
be diviged into small, medium and largg sizes. in any
period, , other
sizes and/or voltage rating b whole
range.
3.5.2 The schedul
The schedule fo 5 given
in Claupe 2, Table 4
3.5.3
When, made,
solderdk n.
3.5.4
The asfsessment level(s) given in the Blank Detail Specification shall preferably be sglected

from T

btes6aand6b:
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Table 6a — Lot-by-lot inspection

Inspection EZ

Subgroupd ILa na ca
A0 100%P
A1 S-4 ¢ 0
A2 S-3 ¢ 0
B1 S-3 ¢ 0
B2 S-2 ¢ 0

a IL = Inspection level

n = sample size

¢ = permissible number of non-conforming items

rejected.

¢ Number to be tested: Sample size as directl
Table IIA of IEC 60410.

d  The content of the Inspectlo ubgro
blank detail speC|f|cat|on

TabI

Inspe tlon EZ

Subgroupb \\ea\ L/ o i
INey 2 N 12

3\) 12

AL

PN
/\1\11 27

NG
A\ 3.2 N 6 15

@ E

o|lo|o|l|o|o|o| oo

3
\ “3\4 c\ 6 15
6

<io

p=_perigdicity in months

n = sample size

¢ = permissible number of non-conforming items

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

¢ If required.
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4 Test and measurement procedures
This Clause supplements the information given in Clause 4 of IEC 60384-1.

4.1 Preliminary drying
See 4.3 of IEC 60384-1.

4.2 Measuring conditions

See 4.2.1 of IEC 60384-1.

4.3 ounting
See 4.33 of IEC 60384-1.

4.4 Visual examination and check of dimensions

See 4.4 of IEC 60384-1, with the following details:

4.4.1 Visual examination

A visupl examination shall be carypied » suiabl@e
10x mggnification and lighting appropriate\to

requirefd.
@r {ncig

NOTE The operator should have available {facil
appropridte measuring facility.

4.4.2 Requirements

Quantifative values fo
manufdcturer's sp i

The ca

4.4.21

1) Bef

the e’capacitor. (Examples; see Figures 1 and 2)

ey e

oment with approx
specimen under test and the quali

or transmitted illumination as we

below may be given in the detail or

ures, except small damages on the surface, which do not d

imately
y level

| as an

in the

toriate

i

IEC 759/04

Figure 1 — Fault: crack or fissure
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IEC 760/04

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

Figure 2 — Fault: crack or fissure

2) Not| exhibit visible separation or delamination between the layers of
(se¢ Figure 3)

pacitor

elamination

3) Not

Exposed electrodes

IEC 762/04

4) Theg 3 e\ free of any conducting smears (metallization, tinning) on a
cen adjacent terminations which is equal to the minimum distance
bet

4.4.2.2

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

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

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

The maximum area of gaps in metallization on each principal face shall not be greater than
15 % of the area of that face; these gaps shall not be concentrated in the same area. 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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‘____
1
1
|
1

/ Principal edges

IEi 7/04

Figure 5 — Principal faces

4.5 Electrical tests
4.5.1 Capacitance

See 4.7 of IEC 60384-1, with the following details:

4.51.1 Measuring conditions
Unless|otherwise specified in the detailNs

Measufing voltage: <5Vr.m.s.,
Frequehcy:

4.5.1.2 Re

The capacitance le rated

value taking into 3

The calpacitg
purposgs on

erence

4.5.2

See 4.8 of [EC 60388441, with the following details:

4.5.2.1 Measuring conditions

The measuring conditions are the same as 4.5.1. The inaccuracy of the measuring equipment
shall not exceed 3 x 1074,

4.5.2.2 Requirements

The tangent of loss angle as measured in the unmounted state shall not exceed the limit
given in Table 7.
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Table 7 — Tangent of loss angle limits

-4
Rated capacitance Tangent of loss angle (tan &) x10
pF +100 = a > -750 -750 2 a > -1 500 a=-1500
and SL (1C)

Cr 250 15 20 30

5< Cr<50 1,51ﬂ+7 2—150+7 31ﬂ+7
Cr Cr Cr
Cr<5 When the measurement is required, the detail specification
shall specify the limit.
The tapgent of loss angle as measured in the mounted state accordin Group 3 is for

referenice purpose only in further tests.

4.5.3 Insulation resistance (Ri)

See 4.% of IEC 60384-1, with the following details:

4.5.31

Prior tq the test, capacitors shall be cargfully cleg

S 3 st test
measufements. Before the measure sitors shall be fully discharged. The

insulation resistance shall be measure( | nations.

4.5.3.2 Measuring cc
See 4.%.2 of IEC 60384

The megasuring not greater than Ug, the referee voltage bging Ur
for cappcitors with 3 3 ow’or equal to 1 kV. For Ur > 1 kV the referee poltage
shall b¢ 1 kV.

The in S hall be measured after the voltage has been applied for
(60 £ P

dup A) the test may be terminated in a shorter time, if the required
jstance is reached.

For lot
value dof insutation

The product of the internal resistance of the voltage source and the rated capacitance of the

capacitor shall not exceed 1 s unless otherwise prescribed in the detail specification.

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

4.5.3.3 Requirements

Cr <10 nF Ri =210 000 MQ

Cr >10 nF RixCr 2100 s
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4.5.4 Voltage proof

See 4.6 of IEC 60384-1, with the following details:

4.5.4.1 Test conditions

The product of Ry and the rated capacitance Cx shall be smaller than or equal to 1 s.
The charge current shall not exceed 0.05 A.

For capacitors with rated voltages of 1kV and above, a lower limit may be given in the detail
specifigat i i ; ed in a

suitable insulating medium.

4.5.4.2
The tept voltages according to Table 8 shall be applied betgveenti i pints of
Table J in 4.5.3 of IEC 60384-1, for a period of 1 min for qualificati SYolgy ing jand for

a periof of 1 s for the lot-by-lot quality conformance testing

Table 8 — Test voltages

—\

Rated voltageAV) ,& \*e(t/ol(a}‘e (VB
Ur < 108\ ) Q \sthj

100<URszo}\ﬂ \@M
200<UR55(00 ~ 1,@.&100

AT\ AN

4.54.3 Req@e
There ghall be no bréaks

46 T

verduring the test.

and temperature cycle drift

See 4.24 3. h the following details:

4.6.1

The capacitors shall e dried according to 4.1 for 16 h to 24 h.

4.6.2 Measuring conditions

See 4.24.1.2 and 4.24.1.3 of IEC 60384-1, with the following details:
The capacitors shall be measured in the unmounted state.

4.6.3 Requirements
The capacitance deviation at upper and lower category temperature (and at such other

temperatures as may be specified in the detail specification) shall not exceed the limits given
in Table 3.

The temperature cyclic drift shall not exceed the limits given in Table 9.
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Table 9 — Temperature cyclic drift limits

+100 2 a > -150 -150 2 a > -1 500 a=-1500
and SL(1C)
0,3 % (*) 1% (%) 2% (%)
or 0,05 pF or 0,05 pF or 0,05 pF
(*) whichever is the greater.

4.7 Shear test

See 4.34 of IEC 60384-1.

4.8 ubstrate bending test

See 4.35 of IEC 60384-1. The deflection D and the number of
detail gpecification.

specifiéd in the

4.8.1 |Initial measurement

Capacifance: for reference see Table 5, Group 2.

4.8.2 (Final inspection

Capaci abfle 5, group 2.
Visual

4.9

See |IE

4.9.1

The ca

4.9.2

4.9.2.1 er'at othod (applicable to 1608 M, 2012 M and 3216 M)
NOTE

See Clpuses’5 and 6 of IEC 60068-2-58, with the following details, if not otherwise s;recified
in the detail specification:

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

Temperature: 260 °C £ 5°C
Duration of immersion: 1M0st1s
Depth of immersion: 10 mm

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

See Clauses 7 and 8 of IEC 60068-2-58, with the following details:

D

the solder paste shall be applied to the test substrate;

[}

O

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

)
)
)
)

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

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

e) the tcmpclatulc Uf thc IUf:UVV OyOtUIII Oha” bU qu;\;:\:y IG;OUd ullt;: tJIT OPU\J;III n has

reached (235 £ 5) °C and maintained at this temperature for (10 £ 1)

f) theltemperature profile shall be specified in the detail specificatio

4.9.3 Recovery

The capacitors shall recover for 6 h to 24 h.
The fluk residues shall be removed with a suitable sg

4.9.4 Final inspection, measurements and

After rg¢covery, the capacitors shall b
followin)g requirements:

Under normal lighting and approximate
such a$ cracks.

Dissoldtion of the end

concerhed. The@l

ibe further details.

Bsts: 2;

eet the

amage

shall not exceed 25 % of the length of tHe edge

The capacitance sh@ e ‘Me érding to 4.5.1 and the change shall not excg¢ed the

values |in Table

30 — Maximum capacitance change

4 Wted\}'n 10-8/K Requirements(*)

D) \\10}4172 -750 0,5 % or 0,5 pF

7504 > -1 500 and SL(1C) 1% or 1 pF

(*) whichever is the greater

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

4.10.1 Test conditions
4.10.1.1 Solder bath method (applicable to 1608 M, 2012 M and 3216 M)

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

See Clauses 5 and 6 of IEC 60068-2-58, with the following details, if not otherwise specified

in the detail specification:
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The specimen shall be preheated to a temperature of (80 to 140) °C and maintained for 30 s

to 60 s.

Temperature:

Duration of immersion:

Depth of immersion:

Number of immersions:

(235 +5) °C
(2+£0,2)s
10 mm

1

4.10.1.2 Infrared and forced gas convection soldering system

See Clauses 7 and 8 of IEC 60068-2-58 with the following details:

the|solder paste shall be applied to the test substrate;

)
b) the
c) the
d) unless otherwise specified in the detail specification, the sp te shall
be intai PO s in
infr
e) the eached

(21

f) tem[perature profile shall be specifigthi

4.10.2

The flu

4.10.3

The cdpacitors shal
magnification. Tsh )

Both ehd faces and
coating with no
unwettéd or de

The deja

4.11 Rapid

(Applicpble only to capacitors for which the category temperature is greater 110 °C).

hange\of temperature

ly 10x%

solder
oles or
8.

See 4.16 of IEC 60384-1, with the following details:

The capacitors shall be mounted according to 4.3.

4.11.1 Initial measurement

The capacitance shall be measured according to 4.5.1.

4.11.2 Number of cycles: 5

Duration of exposure at the temperature limits: 30 min.


https://iecnorm.com/api/?name=07853eb4ce2ac935c364c344e6b336f2

60384-21 O IEC:2004(E) - 29 —

4.11.3 Recovery

The capacitors shall recover for 6 h to 24 h.

4.11.4 Final inspection, measurements and requirements

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

The capacitance shall be measured according to 4.5.1 and the change shall not exceed the
values in Table 11.

Table 11 -

a rated in 10-6/K Requirements(*)/\\

N
+100 > a = ~750 1%0r1pE/\ \
-750 > = -1 500 and SL(1C) 2 % or ApF \ \/

(*) whichever is the greater. \ \ \

4.12 Climatic sequence

See 4.1

4.121

The ca

4.12.2

See 4.1

4.12.3

See 4.21.

4.12.4

See 4.29

4.12.4.

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

4.12.5 Damp heat, cyclic, Test Db, remaining cycles

See 4.21.6 of IEC 60384-1, with the following details:

4.12.5.1 Conditions of test

No voltage applied.
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4.12.5.

r4

-3

0-

Table 12 — Number of damp heat cycles

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

60384-21 O IEC:2004(E)

The capacitors shall recover for 6 h to 24 h.

4.12.6

The capacitors shall be visually examined. There shall be no visj

The ca

Final inspection, measurements and requirements

M¢asurement

Measurement an
condition

e

Requirements

(2]

ppacitance

+100% a > ~750 (1B)

Capacitance change

<2 % or 1 pH(*)

Subclause 4.5-

) =75

a>-1500 (1F)
SL (1C)

Capacitance change

<3 % or 1 pR(*)

Tangept of loss ?gl\e

LQTN
VIR

All a’s and Subclasses

<2x value in the fable of
Subclause 4{5.2

Insulation resistancé

lause 4.5.

All a’s and Subclasses

Ri 22 500 MQ or Ri x Cg 2
25 s (**)

NOTE

Pa
bee 2.2.5 fo& \a<\p@ \Wclass codes.

()

whichg&ver is \>
(**) whicl} s | | ss

4.13 Damp-heat, steady state

See 4.22 of IEC 60384-1, with the following details:

The capacitors shall be mounted according to 4.3.

4.131

Initial measurement

The capacitance shall be measured according to 4.5.1.

4.13.2 Conditions of test

No voltage shall be applied, unless otherwise specified in the detail specification.

When the application of voltage is prescribed, Ur shall be applied to one half of the lot and no
voltage shall be applied to other half of the lot.
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