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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 4: Sectional specification —
Aluminium electrolytic capacitors with solid (MnO,)
and non-solid electrolyte

1) The International Electrotechnical Commission (IEC) is a worldwide organization f pmprising
all ndtional electrotechnical committees (IEC National Committees). The promote
interngptional co-operation on all questions concerning standardization in the electric gelds. To
this epd and in addition to other activities, ifications,
Technjical as “IEC
Publi nterested
in th and non-
goverhmental organizations liaising with the IEC also participate i bs closely
with the International Organization for Standardization (ISO) enditions determined by
agreefnent between the two organizations

2) The fdrmal decisions or agreements of IEC on technical matters ernational
consepsus of opinion on the relevant subjects since from all
interegted IEC National Committees

3) IEC National
Com nt of IEC
Publi r for any
misinterpretation by any end user

4) In order to promote international uniformit blications
transparently to the maxi vergence
betwepn any IEC Publication indicated in
the lafter.

5) IEC provides no arkl g proce e for any
equipment decla i

6) All usgrs should e re

7) No liapility shall atta s, employees, servants or agents including individual eXperts and
mem FC National Committees for any personal injury, property damage or
other [damage,. of any natuteswhatsoever, whether direct or indirect, or for costs (including legal fees) and
expenkes arising. ot of. the\ publication, use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publig

8) Attent i the Normative references cited in this publication. Use of the referenced publications is
indisp s pplication of this publication.

9) Attent a e possibility that some of the elements of this IEC Publication may be the fubject of
paten{ rights. IE not be held responsible for identifying any or all such patent rights.

Internatlondl Standard IEC 60384-4 has been prepared by IEC technical committee 40:

Capacitors and resistors for electronic equipment.

This fourth edition cancels and replaces the third edition published in 1998 and its
amendment 1 (2000). This edition constitutes a minor revision related to tables, figures and

references.

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

CDV Report on voting
40/1759/CDV 40/1819/RVC

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 QC number that appears on the front cover of this publication is the specification number
in the IEC Quality Assessment System for Electronic Components (IECQ).

The list of all parts of the IEC 60384 series, under the general title Fixed capacitors for use in
electronic equipment, can be found on the IEC website.

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,

* with@rawn,

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

A bilingtial version of this publication may be issued at a latg

The cortents of the corrigendum of June 2007 have béen’i is>eopy.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 4: Sectional specification —
Aluminium electrolytic capacitors with solid (MnO;)
and non-solid electrolyte

1 General

1.1  Scope

This part of IEC 60384 applies to aluminium electrolytic capacitors nd non-
solid elgctrolyte primarily intended for d.c. applications for use i ment. It
covers ¢apacitors for long-life applications and capacitors for ger fions
Capacit

Capacitprs for fixed surface mount aluminium electrol but they
are covered by IEC 60384-18.

1.2 Qbject

The principal object of this standard is i ati isfics and
to seleft from r 5ts  and
measuring methods and to give gener gpacitor.
Test seyerities and requirements pécifications referring to this sectional
specification shall be of e levels
are not permitted.

1.3  Normativ ere

The follpwing refere cument.
For datd ted applies. For undated references, the lates} edition
of the re any amendments) applies.

IEC 600 eties for resistors and capacitors

IEC 60068 | testing — Part 1: General and guidance

IEC 60068-2=1,~Environmental testing — Part 2-17: Tests — Test Q: Sealing

IEC 60068-2-54, Environmental testing — Part 2-54: Tests — Test Ta: Solderability tdsting of
electronic components by the wetting balance method

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

IEC 60384-4-1, Fixed capacitors for use in electronic equipment — Part 4-1: Blank detail

specification — Fixed aluminium electrolyte capacitors with non-solid electrolyte — Assessment
level EZ

IEC 60384-4-2, Fixed capacitors for use in electronic equipment — Part 4-2: Blank detail
specification — Fixed aluminium electrolyte capacitors with solid (MnOZ2) electrolyte —
Assessment level EZ

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

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

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

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

The following information shall be given |n each detail specmcatlon and the values quoted
shall preferably—b d—fre S given—n—the—approg clause—c ectional
speC|f|cat|on.

1.41 Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easyfecognition parison
of the capacitor with others.

Dimensjons and their associated tolerances, which a e i bild punting,
shall b¢ given in the detail specification. All diy ' ated in
millimeters; however, when the original dimension i 12N es,  metric

Normally, the numerical values shall be gi d height

of the body and the wire spacing, or fp b length
and diameter of the terminations. When pe )f items
(capacitance values/voltage . e ipns and
their asgociated tolerance = i

When the configuratio is oth 3 it i ificati Ite such
dimensipnal info i » r is not
designed for use n.

1.4.2

The detpi use and
for the shall be
mounted special
mountin| equired in its use. In this case, the detail specification shall gescribe
the moynting nd they shall be used in the application of the vibration and pump or
shock tgsts.

1.4.3 Ratings and characteristics

The ratings and characteristics shall be in accordance with the relevant clauses of this
specification, together with the following.

1.4.3.1 Rated capacitance range

See 2.2.1.

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


https://iecnorm.com/api/?name=6571c5f65145d0c6e9649f67e0bb1e9f

-8- 60384-4 © IEC:2007(E)

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 test.

1.4.4 Marking

The detril specification shall specify the content of the marking on the ¢apacitor and¢ on the
packagg. Deviations in 1.6 of this sectional specification shall be specifi

—

1.5 erms and definitions

For the| purposes of this document, the following terms and iti i ddition to the
applicable terms and definitions of IEC 60384-1, apply.

1.5.1
capacitpnce of an electrolytic capacitor
capacitance of an equivalent circuit having capacita S easured
with alternating current approximately ¢ i

1.5.2
long-life grade capacitors

capacitd ‘ Ngh 5 over a
long lif¢ is essential. The chosen and the manufacture carried out|so that

improveld performance is ob ¢ ¥sequent

1.5.3
general-purpos 3 aci
capacitqrs intended 3 i ere the high performance level of long-life grade

capacitgrs is not req

1.5.4
reverse :
voltage i acitor terminals in the reverse polarity direction

1.6 Marking

Accordipgo 2.4 of IEC 60384-1, with 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) rated capacitance;

b) rated voltage (d.c. voltage may be indicated by the symbol: ____ or — );

c) category voltage and category temperatures (for long-life grade capacitors only);

d) polarity of the terminations: for multi-section capacitors, the rated capacitance and rated

voltage of the sections connected to each termination shall be shown in an unambiguous
way. The termination of a capacitor section which is intended for direct connection to the
rectifier (so-called reservoir section) shall be marked with the number 1 or with the colour
red;

e) tolerance on rated capacitance;
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f) reference to the grade (for long-life grade capacitors only). The abbreviation LL may be
used for marking purposes;

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

i) climatic category;

j) manufacturer's type designation;

k) reference to the detail specification.

1.6.2 The capacitor shall be clearly marked with a), b), c), d), e) and f) above with as many
as possible of the remaining items as is considered necessary. Any duplication of information
in the marking on the capacitor should be avoided.

1.6.3 The package containing the capacitor(s) shall be clea all the

information listed in 1.6.1.

1.6.4 Any additional marking shall be so applied that no co

2 Preferred ratings and characteristics

2.1 Plreferred characteristics

The vallies given in detail specifications

211

The capacitors covered by thi ificati e cording
to the general rules given in IEC

The lower and upper ¢
test shafl be ch
Lower caI
Upper ca

Duration

dy-state

-55°C, -40 °C, =25 °C and -10 °C
+85 °C, +100 °C, +105 °C and +125 °C
test: 10, 21 and 56 days

The seVertiti ) oldand dry heat tests are the lower and upper category temperatures
respecti

2.2 Plreferred values of ratings

221 Rated capacitance (CRg)

Preferred values of rated capacitance are chosen from the E3 series of IEC 60063 and their
decimal multiples.

If other values are needed, they shall preferably be chosen from the E6 series.


https://iecnorm.com/api/?name=6571c5f65145d0c6e9649f67e0bb1e9f

2.2.2

-10 - 60384-4 © IEC:2007(E)

Tolerance on rated capacitance

Preferred values of tolerances on rated capacitance are:

2.2.3

Rated voltage (Ug)

—-10/+10 % —-10/+75 %
-10/+30 % —10/+100 %
—10/+50 % —20/+20 %

Preferred values of rated direct voltages taken from the R5 and R10 series of ISO 3 are:

For volt

For volt

2.2.4

specific

2.2.5
An alte
alternat

direct v
(see de

2.2.6

The per]

227

The sur
or 1,10

See als

hge values <250 V:

hge values 2250 V:

Category voltage (Ug)

ation.

Ripple voltage

'nating voltage
ng voltage superi

ail specifiétio

Reverse va

imes _the-rated

b.4.14.

2.2.8

200 V;
250V, 315V, 350

or category voltage for rated voltages >315 V.

érwise stated in th

decimal
V and

500V
brdance
ermitted

e detail

rom the
of rated
voltage

<315V

Rated ripple current

The rated ripple current at 100 Hz or 120 Hz and at upper category temperature shall be
given in the detail specification. Alternatively, for capacitors for switched mode power supply
application, the rated ripple current shall be stated at the relevant frequency.

NOTE This value is determined by the dimensions of the capacitor and several other factors, for example, the
tangent of loss angle and the permissible temperature rise.

See also 2.2.5.
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3 Quality assessment procedures

3.1 Primary stage of manufacture

For capacitors with solid electrolyte, the primary stage of manufacture is the etching or
formation of the anode body.

For capacitors with non-solid electrolyte, the primary stage of manufacture is the capacitor
manufacturer's evaluation of the formed anode foil.

3.2  Structurally similar components

Capacitprs considered as being structurally similar are capacitors duced\ with| similar
processes and materials, though they may be of different case sizes and val

3.3 Qertified records of released lots

The infgrmation required in 3.9 of IEC 60384-1 shall be
the detail specification and when requested by a purcha
parameters for which variables information is required.a
the leaklage current.

ribed in
test the
n 8 and

3.4 Qualification approval proced

The progedures for qualification approval testi i 3 of IEC 60384-1.

The schedule to be used for qualification—~app
periodig tests is given in 3§ of thi 'n. |
schedulg is given in 3.4.1%and"3.4. V.

3.41 Qualification 9 > : is of the fixed sample size procedure

sting on the basis of lot-bytlot and
procedure using a fixed sample size

Sampling
The fixe described in 3.5.3b) of IEC 60384-1. The sample [shall be
represe t ¢ 9 ors for which approval is sought. This may or may not be
the comlplete ) he detail specification.
br these
bxceeds
voltage
val of a
ss than

b

O .

Spare specimens are permitted as follows.

a) One per value which may be used to replace the permitted defective in Group 0.

b) One per value which may be used as replacements for specimens which are defective
because of incidents not attributable to the manufacturer.

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

When additional groups are introduced into the qualification approval test schedule, the
number of specimens required for Group 0 shall be increased by the same number as that
required for the additional groups.
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Table 1 gives the number of samples to be tested in each group or subgroup together with the

permiss

3.4.2

ible number of nonconforming items for qualification approval tests.

Tests

The complete series of tests specified in Tables 1 and 2 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.

Specim
the othe

"One nd
the test

Approve
number
of perm

NOTE T
the samp]
together
performar
should be

The cond
those pre

ens found to be a nonconforming item during the tests of Group 0 §hall not be
r groups.

tions of test and performance requiren ent he amiple size test schedule should be ig
Ecribed in the detail sp i a conformance inspection.

sed for

nconforming item" is counted when a capacitor has not sa ” part of
5 of a group.
| is granted when the number of nonconforming ite ced the specified
of permissible nonconforming items for each grou > number
ssible nonconforming items.
hbles 1 and 2 together form the fixed sample siz Hetails for
ing and permissible nonconforming/ite groups of tests, wherea$ Table 2
with the details of test contained e summary of test condifions and
ce requirements and indicates where,for exa , fo thod or conditions of test| a choice
made in the detail specification

entical to
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Table 1 - Fixed sample size test plan for qualification approval, assessment level EZ

Number of Permissible
Group Test S_ubclau_se 9f specimens no:gcr)nnbff):r?\:ng
No. this publication . items
n c
0 High surge current® 4.21 120+ 127+ 128 0
Visual examination 4.2
Dimensions 4.2
Leakage current 4.3.1
Capacitance 47372
Tangent of loss angle 4.3.3
Impedanceb 434
Spare specimens
i 1A Robustness of terminations
E Resistance to soldering heat®
1B || Solderability®
E Rapid change of temperature
E Vibration
; Bump or shock”
1 || climatic sequence
2 Damp heat, steady state ( aN
3 Endurance
4A Surge voltage
4B Reverse voltag
Pressuré_reli
5A Storage at high te
Voltage transie
__%é___ _______

Sto?@\e\it

har: cterisht{at igh\éwzl/low temperature
\Qar Marg b

<

For soli

If required in the detail specification.

lectrolyte capacitors only and if required in the detail specification.

Not applicable
soldered, as stated in the detail specifications.

to capacitors with screw terminations or

other

terminations,

For non-solid electrolyte capacitors only and if required in the detail specification.

For case size/voltage combinations, see 3.4.1.
Additional capacitors if Group No. 4B is tested.

Additional capacitors if Group No. 5B is tested.

not designed to be



https://iecnorm.com/api/?name=6571c5f65145d0c6e9649f67e0bb1e9f

- 14 - 60384-4 © IEC:2007(E)

Table 2 — Test schedule for qualification approval

Number of
D specimens (n) and
Subclause number and Ngr Conditi f testa number of Performance
test? b onditions of tes permissible requirements?
nonconforming
items (¢)
Group 0 ND See Table 1
4.21  High surge current®
4.2 Visual examination No visible damage
Legible marking and as
potifiad :n kb A’tail
4.2 Difnensions ification
(de¢tail)
4.3.1 Lepkage current Protective resistance:
. Q
4.3.2 C4gpacitance Frequency:... Hz blerance
4.3.3 Tangent of loss angle Frequency:... Hz
4.3.4 Imjpedance Frequency:... Hz ithin limits spedified in
(iffapplicable) Q e detail specifidation
N
Group 1 D Sée Table 1
4.4.1 Initial measurement
4.4 Rqbustness of No visible damage
tefminations
4.5 Rgsistance to
so|dering heat?
4.5.2 Fipal measur, ts No visible damage
Legible marking
\/\ AC/C <5 % of valyie
/\ measured in 4.4.
Group 1H D See Table 1
4.6 Sdiderab ityd e detail specification for Good tinning as gvidenced
the method by free flowing of|the
solder with wettinig of the
terminations or mleet the
required parametpr(s) in
the detail specifidation as
applicable
a8  Subctause nUMbers of testand performance TequUITements Tefer to Clause 4.

b In this table, D = destructive, ND = non-destructive.
¢ For solid electrolyte capacitors only and if prescribed by the detail specification.

4 Not applicable to capacitors with screw terminations or other terminations, not designed to be soldered, as
stated in the detail specification.
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Table 2 (continued)

Number of
specimens (n) and
Subclause number and D or Conditi f testa number of Performance
test? NDP onditions of tes permissible requirements?
nonconforming
items (c)
Group 1B (continued) See Table 1
4.7 Rapid change of T, = Lower category
temperature temperature
Ty = Upper category
temperature /\(
Five cycles
Duration ¢, =... min
Recovery: 16 h
4.7.1 Initial measurement D |Capacitance &
4.7.3 Fipal measurements Solid electrolyte: \
e

Visual examination No“visible damag
Leakage current >s in4.3.1
G Asin 4.3.3
i i As specified in the detail
specification
> No leakage of eldctrolyte
or other visible damage

4.8 Vibration

9,

>ta| duration:... h

isual examination No visible damagp and for
non-solid electrolyte
capacitors no leakage of
electrolyte
Legible marking

4.8.2 Fi easuremen

—_~

N AP

Capacitance AC/C <5 % of valye
measured+r<4-—+1, unless
otherwise prescribed in the
detail specification

4.9 Bump (or shock, For mounting method, see
see 4.10) detail specification

Number of bumps:...
Acceleration: 400 m/s?

Duration of pulse: 6 ms

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

b In this table, D = destructive, ND = non-destructive.
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Table 2 (continued)

60384-4 © IEC:2007(E)

Subclause number and
test?

D or
NDP

Conditions of test?

Number of
specimens (n) and
number of
permissible
nonconforming
items (¢)

Performance
requirements?

Group 1B (continued)

See Table 1

4.10 Shock (or bump, see For mounting method, see
4.9) detail specification
Acceleration:... m/s?
Duration of pulse:
... Mms
4.9.2 or 4]10.2 Visual examination isi damage and for
Fipal measurements %te
age of
Capacitance les
P, unless
bd in the
n
Group 1 D
4.11 Climatic sequence
4.11.1  Dry heat
4.11.2 Damp heat, cyclic,
Test Db, first cycle
4.11.3 Cold
4.11.4 low air pre@ i
fequired by th \/\
4.11.4.3 | Visual ekamination No breakdown, flashover
1 or harmful defornjation of
> the case
4115 >
4.11.6 Method:...
by the-detail
gpecification)
4.11.7 Final measurements Visual examination No visible damage and for

non-solid electrolyte
capacitors no leakage of
electrolyte

Legible marking

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

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



https://iecnorm.com/api/?name=6571c5f65145d0c6e9649f67e0bb1e9f

60384-4 © IEC:2007(E)

— 17 -

Table 2 (continued)

Number of
specimens (n) and
Subclause number and D or Conditi f testa number of Performance
test? NDP onditions of tes permissible requirements?
nonconforming
items (¢)
Group 1 (continued) D See Table 1
4.11.7 (continued) Leakage current As in 4.3.1
Capacitance AC/C for:
Solid_electrolyte:

Tangent of loss angle

45 %
grade:

;Iyte:
easured
1.10.2

4.3.3

Group 2

4.12 Damp heat, steady
gtate

4.12.1 Initial measurement

4.12.2 Final measurements

9,

) S

Tangent of loss angle

Impedance

See Table

No visible damagg, and for
non-solid electrollyte
capacitor, no leaage of
electrolyte
Legible marking

As in 4.3.1
AC/C for:

Solid electrolyte:
Long-life grade: 45 %

General-purpose |grade:
<10 %

Non-solid electrplyte:
Long-life grade: 410 %

General-purpose [grade:
<20 % of value measured
in4.12.1

<1,2 times limit il 4.3.3

<1,2 times the linjit in the
detail specification

Insulation resistance of
the external insulation
(if applicable)

Voltage proof of the
external insulation
(if applicable)

=100 MQ

No breakdown or flashover

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

b In this table, D = destructive, ND = non-destructive.
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Table 2 (continued)

Subclause number and
test?

D or
NDP

Conditions of test?

Number of
specimens (n) and
number of
permissible
nonconforming
items (¢)

Performance
requirements?

Group 3

4.13 Endurance

Duration:

grade:: ... h

See Table 1

4.13.1 Initial measurement

4.13.3 Fipal measurements

remperatare:. apper
category temperature

Applied voltage:... V
Recovery: 16 h min.
Capacitance

Solid electrolyte
capacitors

Visual examination

Leakage current

Capacitanpt

>ua| examination

Leakage current

Capacitance

\

R

i

>

N

A\

No wvisible damag
egible marking

As in 4.3.1

(]

AC/C £10 % of vdlue
measured in 4.13.1

—

<1,2 times the limi
specified in 4.3.3

<1,2 times the linit in the
detail specification

=100 MQ

No breakdown or|flashover

No leakage of elgctrolyte
or other visible damage
Legible marking

As in 4.3.1

AC/C compared tp values
measured in 4.13].1:

Long-life grade:
=) Y

Rated AC/C (%)
voltage
V)
Ug<6,3 +15 to —30
6,3< Ugs 160 |  *20
+15
160 <Ug

a

b

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

Subclause numbers of test and performance requirements refer to Clause 4.
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Table 2 (continued)

Subclause number and
test?

D or
NDP

Conditions of test?

Number of
specimens (n) and
number of
permissible
nonconforming
items (¢)

Performance
requirements?

Group 3 (continued)

See Table 1

4.13.3 (continued) Capacitance General-purpose grade:
Rated AC/C (%)
voltage
P5 to —40
+ 30
+15
Tangent of loss angle
imit
General-purposé grade:
X2 times the limif specified
in 4.3.3 or <0,4, whichever
is the greater
Impedance Long-life grade:
6 <2 times the limit|specified
in the detail speclfication
General-purposé grade:
<4 times the limit|in the
detail specification
2100 MQ
Q Voltage proo No breakdown or|flashover
insulation
if\applicabl
Group 4A \/ D See Table 1
4.14 Sprge < Nu cles: 1 000
mperature:... °C
Charge voltage:
>5 UR or 1,15 UC
or U <315V or
1,10 Ug or 1,10 Ug
for Ug > 315V
Duration of charge: 30 s
Duration of no-load:
5min 30 s
4.14.1 Initial measurement Capacitance
4.14.3 Final Visual examination (for No visible damage and no
measurements non-solid electrolyte leakage of electrolyte

capacitors)
Leakage current
Capacitance

Tangent of loss angle

As in 4.3.1
AC/C for

Solid electrolyte:
Long-life grade: <5 %
General-purpose grade:
<10 %

Non-solid electrolyte:
<15 % of value measured
in4.14.1

As in 4.3.3

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

b In this table, D = destructive, ND = non-destructive.
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Table 2 (continued)

Subclause number and
test?

D or
NDP

Conditions of test?

Number of
specimens (n) and
number of
permissible
nonconforming
items (¢)

Performance
requirements?

Group 4B

4.15 Reverse voltage

(if required)

Duration:125 h at upper
category temperature with

a) for solid electrolyte

capacitors-a direct voltage
T ~

See Table 1

4.15.1  Ipnitial
neasurement

4.15.3 Final
mneasurements

of 0,15 U, in reverse
polarity direction or

b) for non-solid electrolyte
capacitors: voltage 1V d.c.
in reverse polarity direction,
unless otherwise specified in
the detail specification,
followed by 125 h at upper
category temperature with
category voltage in forward
polarity direction

Capacitance

Leakage eurre

Capacitance

N

\

R

i

>

As in 4.3.1

AC/C for
Solid electrolytd: <10 %

Non-solid electrplyte:
See detail specification, of
value measured ip 4.15.1

\\/\ gle Asin 4.3.3
4.16 Pressure r Tes Device shall open without
if required) danger of explosipn or fire
Group 5A \N&; See Table 1
4.17 Te ture: upper
temper i}&ltegory temperature
uration: 96 h + 4 h
Recovery: 16 h min.
4.17.1  Initial Capacitance
heasurem
4.17.3 FKigal Visual examination No visible damagp and for

measurements

Leakage current

non-salid plpr‘frnl_,/te

capacitors no leakage of
electrolyte

Solid electrolyte
capacitors:
Asin 4.3.1

Non-solid electrolyte
capacitors:
<2 times the limit of 4.4.1

a

b

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

Subclause numbers of test and performance requirements refer to Clause 4.
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Table 2 (continued)

Subclause number and
test?

D or
NDP

Conditions of test?

Number of

specimens (n) and

number of
permissible
nonconforming
items (¢)

Performance
requirements?

Group 5A (continued)

4.17.3 (continued)

Capacitance

See Table 1

AC/C for:
Solid_electrolyte: <5 %

4.22 oltage transient
verload®
4.22.1 nitial
neasurement
4.22.2 Final
measurements

Group 5H° <>
4.18 Btorage at 1o

temperature (fo
[
I

4.18.1 |

4.18.2

measurements

Tangent of loss angle

Items in 4.40 of

IEC 60384-1 to be
specified by the detail
specification

?mperature: -40 °C
ecovery: 16 h min.
Capacitance

Visual examination

See Table 1

blyte:
easured

blyte:

<1,2 times the linjit of 4.3.3

See detail specification
See detail specification
See detail specification
See detail specification

See detail specification

No visible damagp and no
leakage of electrglyte
Legible marking

Leakage current

Capacitance

Tangent of loss angle

As in 4.3.1

AC/C £10 % of value
measured in 4.18.1

As in 4.3.3

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

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

4 For non-solid electrolyte capacitors only and if required in the detail specification.

¢ Group 5B is only applicable to capacitors with a lower category temperature of —-25 °C and —-10 °C.
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Table 2 (continued)

Number of
specimens (n) and
Subclause number and D or Conditions of test? number of Performance
test? NDP permissible requirements?
nonconforming
items (¢)
Group 6 D See Table 1
4.19 Characteristics at The capacitors shall be
high and low measured at each
temperature temperature step

Solid nlnrh'nlyfn

G S0

capacitors:
Step 1: 20 °C

Capacitance®

Impedance (at the same
frequency as Step 2)

Tangent of loss angle®

Step 2: Lower category
temperature

Capacitance®

Impedanc

>pacitanceC

Tangent of loss angle®

Non-solid electrolyte
capacitors:

Step 1: 20 °C

\

i

>

ok

hce value

hce value

C/C <20 % of vdlue
measured in Steg 1

Ratio with respecf to value
in Step 1: <2 timgs

<2 times the limit|of 4.3.3.

At 125 °C (with Ug):

<15 times the lim|t of 4.3.1
At 125 °C (with U,):

<8 times the limit|of 4.3.1
At 105 °C (with Ug):

<12,5 times the limit of
4.3.1
At 85 °C (with Ug):
<10 times the lim|t of 4.3.1

AC/C <20 % of vqlue
measured in Steg 1

< limit of 4.3.3

Capacitance ©
Tangent of loss angle®

Impedance (at same
frequency as Step 2)

Step 2: Lower category
temperature

For use as reference value

For use as reference value

a

b

¢ If applicable.

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

Subclause numbers of test and performance requirements refer to Clause 4.
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Table 2 (continued)

Subclause number and

Conditions of test?

Number of
specimens (n)
and number of

Performance

test? permissible requirements?
nonconforming
items (¢)
Group 6 (continued) See Table 1

4.19 (continued)

Impedance

Ratio with respect to the
value in Step 1

Rated voltage Ratio of

pedance

4.20 Charge and
ischarge
if required)

4.20.1 [IRiti

1

4.20.3

fheasuremen

>
9

Step 3: Upper category
temperature

Leakage current

Dutation of discharge:
05s

Capacitance

Visual examination

i

D

S

<

<10
<8
<6

<10

°C: <10 times the
Ihnit of 4.3.1

105 °C: <8 timep the limit
of 4.3.1
At 100 °C: <8 timep the limit
of 4.3.1
At 85 °C: <5 times|the limit
of 4.3.1

See detail specifichtion

See detail specifichtion

No visible damage| and for
non-solid electrolyte
capacitors no leakpge of

olectrolvte.
J

Capacitance

AC/C for:
Solid electrolyte: <5 %

Non-solid electrolyte:
<10 % of value measured in
4.20.1

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

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

¢ If applicable.
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3.5 Quality conformance inspection
3.51 Formation of inspection lots

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

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

— in relation 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 sample th

inspectorate.

b) Grolp C inspection
Thege tests shall be carried out on a periodic basis.

Samples shall be representative of the current\prod e’ specified peripds and
shal| be divided into high-, medium--a i . In"erder to cover the range of
appfovals in any period one cas i from each voltage group. In
subgequent periods, other case size ¢ ingg in production shall bg tested

with|the aim of covering the whole ra

3.5.2 Test schedule

The schedule for the 16
in Tablg 4 of the blank

is given

3.5.3

soldera

3.5.4

The asg telected

from Ta
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Table 3 — Lot-by-lot inspection

Inspection Dz"® EZ Fz* Gz*
subgroup?®
IL° n° c® IL® | n° | c® IL® n° c® IL® n° c®

A0 100 %°

A1 S-3 e 0

A2 S-3 e 0

B1 S-3 e 0

B2 S-3 ¢ 0

?  The cpntent of the inspection subgroup is described in Clause 2 of the relevant blank-detail spegificati

Assesisment levels DZ, FZ and GZ are under consideration.
IL = inspection level

n = sgmple size

¢ = pgrmissible number of nonconforming items

100 % testing shall be followed by re-inspection by sampling in order to i outgoing quality level by non-
ing i il i i facturer. For the calculation of
ppm VJalues any parametric failure shall be counted as a nonconforming\item. In case one or morg nonconforming

items foccur in a sample, this lot shall be rejected.

¢ Numbpr to be tested: sample size as dlrectI/Qotted to the code Iette f able 2A of IEC 60410

Table%’\\\\w) tion

c c c c c c c c c

1) n

o
°
3
o
°
]
o

Inspection D \( Fz° Gz’
subgrqup® [\

C1A Q x/\ 9 0
C1H /\ x 6 18 0
c1 \>6 27 0
c2 6 9 0
c3 \\ 3 21 0
caA xx 12 6 0
[T 12 6 0
C54 \ 6 12 0
C5H 12 6 0
c6 6 15 0

The content of the inspection subgroup is described in Clause 2 of the relevant blank detail specification.
Assessment levels DZ, FZ and GZ are under consideration.

p = periodicity in months

n = sample size

¢ = permissible number of nonconforming items
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4 Test and measurement procedures

41 P

re-conditioning (for non-solid electrolyte capacitors only)

Before starting the test programme, all capacitors shall be pre-conditioned by the application
of the rated voltage from a direct voltage source having a low internal resistance, such as a
regulated power supply. The voltage shall be applied to the capacitor through a resistor the
value of which shall be approximately 100 Q for rated voltages up to and including 100 V, and
approximately 1 000 Q for rated voltages above 100 V.

The voltage shall be maintained for 1 h after its value across the capacitor has become equal
to the rated voltage with a tolerance of £3 %. After this pre-conditioning, the capacitors shall

be discharged through a resistor of approximately 1 Q per applied volt.
The tesis in 3.4.2 shall be made after the capacitors have been sto 12 h to
48 h dufing which no voltage shall be applied. No further pre-conditio above
shall be|applied during the test programme.
4.2 \isual examination and check of dimensions
See 4.4|of IEC 60384-1.
4.3 Ellectrical tests
4.31 Leakage current
According to 4.9 of IEC 60384-1, with
4.3.1.1 Measuring cox
The rated voltage sh apacitor and its protective resistor.| Unless
otherwige stated i ‘ the protective resistor shall be approximately
100 Q for rated v ately 1 000 Q for rated voltages >100 V.
4.3.1.2 i
a) For apacitors, the leakage current shall not exceed the valugs given
in Table
able 5 — Leakage current requirements
cU prohe\} Leakage current
nA
HE Leng-life-grade-capascitors— 1 General-purpese-grade-eapacitors
<1 000 0,01 CUor 1 pA 0,05 CUor 5 uA
(whichever is the greater) (whichever is the greater)

>1 000 0,006 CU + 4 pA 0,03 CU + 20 pA

C = rated capacitance in microfarads; U = rated voltage in volts

b) For solid electrolyte capacitors, the leakage current shall not exceed:

for long-life grade capacitors: <0,1CU

for general-purpose grade capacitors: <0,15 CU
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4.3.2

Capacitance

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

4.3.21

Measuring conditions

Measuring voltage: max. 0,5V r.m.s. or such lower voltage as is required, in order not to

exceed the rated ripple current.

A d.c. bias voltage of 1,1V to 1,5V for types with a rated voltage of 2,5V, 2,1V to 2,5V
for types with a rated voltage of > 2,5 V may be applied during the measurement.

The freq

A differént frequency may be applied provided that the measured

a value

4.3.2.2

The cap

4.3.3

Accordi
4.3.3.1

The me

4.3.3.2

The lim
specifie

4.3.4

Accordi

4.3.41

The frg

Requirement

acitance shall be within the rated tolerance.

guency of the measuring voltage shall

uency of the measuring voltage shall be 100 Hz or 120 Hz.

be chosen from one of the f

3cted to
plied.

shall be

bllowing

frequen

4.3.4.2

Measuring conditions

cies: 100 Hz, TZ0 Hz, T kHZz, T0 KHz, 100 KHzZ and T MHZz, and shall be that at which
the lowest value of impedance is likely to occur. The tolerance on all frequencies for
measuring purposes shall not exceed +20 %. The value of the measuring frequency shall be
prescribed in the detail specification.

The voltage used for the measurement shall be as small as practicable and shall be applied
for a time short enough to avoid undue heating of the capacitor.

To demonstrate that the voltage is sufficiently small, it shall be applied to one of the
capacitors in each sample for 1 min during which time there shall be no readable change in
the impedance of the capacitor.
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The error of measurement shall not exceed 5 % of the requirement of 0,02 Q, whichever is the

greater.

4.3.4.3

Measurement at lower category temperature

The frequency shall be 100 Hz or 120 Hz unless otherwise specified in the detail
specification.

43.4.4

Requirements

The impedance shall meet the requirements of the detail specification.

4.3.5 Insulation resistance of the external insulation (if applicable)

Accordipg to 4.5 of IEC 60384-1, with the following details.

4.3.5.1 Measuring conditions

A meta pacitor,
protrudi mm can
be mair | not be
folded ¢ver the ends of the capacitor. If the 0,5 mm ed, the
protrusi tance.
When applicable, the V-block method

A direct and the
termina uired to
obtain g stable reading. asured.
4.3.5.2 Requireme

The ins{ilation r

4.3.6

Accordi

4.3.6.1

A metal g by at
least 5 intained
betweer bver the
ends ofthe—capacitor—tHthe d-mm-distancecannotbemaintained the protrusion—ofl the foil
shall be reduced as may be necessary to establish the 1 mm distance.

When applicable, the V-block method is permitted as an alternative.

A direct voltage gradually increasing at a rate of 100 V/s to a maximum of 1 000 V shall be
applied between the metal foil or the V-block and the termination connected to the capacitor

body.

The voltage of 1 000 V shall be applied for 1 min £ 5 s.

4.3.6.2

There s

Requirement

hall be no breakdown or flashover during the test.
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4.4 Robustness of terminations

According to 4.13 of IEC 60384-1, with the following details.

The detail specification shall specify the test method and degree of severity to be used.

Torque for nominal thread diameter of 8 mm:
Severity 1: 5Nm
Severity 2: 2,5 Nm

4.4.1 Initial measurement

The capacitance shall be measured according to 4.3.2.

4.5 Resistance to soldering heat

(Not applicable to capacitors with screw terminations or other
soldered, as stated in the detail specification.)

designed to be

Accordipg to 4.14 of IEC 60384-1, with the following de

4.5.1 Conditions

No pre-@rying.
4.5.2 Final inspection, measurements andre¢ ments

ami e mea

The capacitors shall be vist
given in| Table 2.

4.6 Slolderabili
(Not applicable t pa

soldered, as stated i

sufed and shall meet the requifements

bd to be

Accordi
Temper

235 °C

245 °C +'5C for Sn-Ag-Cu solder

250 °C = 5 °C for Sn-Cu solder

When the solder bath method is not appropriate, the soldering iron shall be used with
soldering iron Size A.

When the wetting balance method is appropriate, the detail specification may refer to
IEC 60068-2-54.

4.6.1 The requirement is given in Table 2.
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4.7 Rapid change of temperature

According to 4.16 of IEC 60384-1, with the following details.

4.7.1 Initial measurement

The capacitance shall be measured according to 4.3.2.

4.7.2 Conditioning

The capacitors shall be subjected to test Na for 5 cycles. The duration ¢, of the exposure at

each temperature limit shall be 30 min or 3 h as specified in the detail specification. The
recovery period shall be 16 h.

4.7.3 Final inspection, measurements and requirements

After repovery, the capacitors shall be visually examined and and shall“meet the

requirements given in Table 2.

4.8 \Vibration

Accordipg to 4.17 of IEC 60384-1, with the following(details:

4.8.1 Tgst Fc shall be applied with ore of the i ie i e detail
specification.

Table 6 — Amplltud

Fre enéy\( Ii de leration Duration
(wh hever is th ower
Nz acceleration) h

Q Kgo-ss o§5\\0r>o m/s? 3x0,5

1&0\5/5\ B,\(S%BOMOO m/s?2 3x2
10\-5@ oﬁg\?{m or 100 m/s2 3x2

1 205@\\645mm0r100m/52 3x2

The de hall specify the frequency range and shall also prescribe the
mountin| d. For capacitors with axial leads and intended to be moynted by
the lead istance between the body and the mounting point shall be 6 mm +[1 mm.

4.8.2 Finaliinspection, measurements and requirements

The capacitors shall be visually examined and measured and shall meet the requirements
given in Table 2.

4.9 Bump

According to 4.18 of IEC 60384-1, with the following details:
The detail specification shall state whether the bump or the shock test applies.

4.9.1 Total number of bumps: 1 000 for general-purpose grade capacitors
4 000 for long-life grade capacitors
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