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Preface (UL)

This UL Standard is based on IEC Publication 60939-3: first edition Passive Filter Units for
Electromagnetic Interference Suppression — Part 3: Passive Filter Units for Which Safety Tests are
Appropriate. IEC publication 60939-3 is copyrighted by the IEC.

The text, figures and tables of IEC Publication Passive Filter Units for Electromagnetic Interference
Suppression — Part 3: Passive Filter Units for Which Safety Tests are Appropriate, IEC 60939-3, copyright
August 2015 are used in this Standard with the consent of the IEC and the American National Standards
Institute (ANSI). The IEC copyrrghted materral has been reproduced wrth permrssron from ANSI. ANSI
should be reword and
Introduction are not a part of the requirements of thrs Standard but are mcluded for information purposes
only. Copigs of IEC Publication 60939-3 may be purchased from ANSI, 11 West 42nd Street| New York,
New York, [10036, (212) 642-4900.

Note — Although the intended primary application of this Standard is stated in its Seope, it is impgrtant to note
tha{ it remains the responsibility of the users of the Standard to judge its suitability for their partichlar purpose.
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NATIONAL DIFFERENCES

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 — These are National Differences which are based on basic safety principles and requirements,
elimination of which would compromise safety for consumers and users of products.

D2 — Thesg¢ are National Differences from IEC requirements based on existing safety practil:es. These
requiremerts reflect national safety practices, where empirical substantiation (for the IEC |or national
requiremert) is not available or the text has not been included in the IEC standard.

DC - Thesg are National Differences based on the component standards and-Wwill not be deleted until
a particulaf component standard is harmonized with the IEC component standard.

DE — Thesg are National Differences based on editorial comments or.corrections.

Each natiopal difference contains a description of what the national difference entails. Typically one of the
following wprds is used to explain how the text of the national difference is to be applied to the base IEC
text:

Aqdition / Add - An addition entails adding a eomplete new numbered clause, subglause,
tabje, figure, or annex. Addition is not meant t@’include adding select words to the base IEC
text.

odification / Modify - A modificatign’is an altering of the existing base IEC text sjich as the
addglition, replacement or deletion of certain words or the replacement of an entire clayse,
sulpclause, table, figure, or annex_of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clauge,
subpclause, table, figurep.or annex without any replacement text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE FILTER UNITS FOR ELECTROMAGNETIC INTERFERENCE SUPPRESSION - Part 3:

Passive filter units for which safety tests are appropriate

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions

concerning st
International §
referred to as
in the subject
liaising with

Standardizatid

2) The formal
opinion on the

3) IEC Public
sense. While

held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to
maximum exf{
corresponding

5) IEC itself d
and, in some|
certification b

6) All users s
7) No liability
technical conm
whatsoever,

reliance upon

8) Attention is|

hndardization in the electrical and electronic fields. To this end and in addition to other activities,
tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and\Gui
”IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National)\Cemmi
dealt with may participate in this preparatory work. International, governmental and nongovernmental
he IEC also participate in this preparation. IEC collaborates closely with the [nterhational Or
n (ISO) in accordance with conditions determined by agreement between the two arganizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an international
relevant subjects since each technical committee has representation from_all ‘interested IEC National

tions have the form of recommendations for international use and{are accepted by IEC National Com
all reasonable efforts are made to ensure that the technical cohtent of IEC Publications is accurate, |

promote international uniformity, IEC National Commitiees undertake to apply IEC Publications trans
lent possible in their national and regional publications. Any divergence between any IEC Public
national or regional publication shall be clearlyindicated in the latter.

bes not provide any attestation of conformity:*Independent certification bodies provide conformity assesg
areas, access to IEC marks of confermity. IEC is not responsible for any services carried out b
dies.

ould ensure that they have the latest edition of this publication.
shall attach to IEC-or_its directors, employees, servants or agents including individual experts and n
mittees and |IEC National Committees for any personal injury, property damage or other damage
hether direct, arindirect, or for costs (including legal fees) and expenses arising out of the publicati

this IEC/Publication or any other IEC Publications.

drawn,to the Normative references cited in this publication. Use of the referenced publications is indisp4g

correct applici

C publishes

LE
es (hereafter

tee interested
organizations
anization for

consensus of
Committees.
Mmittees in that

EC cannot be

arently to the
htion and the

ment services

independent

embers of its
pf any nature
bn, use of, or

nsable for the

htion” of this publication

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rights. IEC
shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60939-3 has been prepared by IEC technical committee 40: Capacitors and

resistors fo

The text of

r electronic equipment.

this standard is based on the following documents:

FDIS Report on voting

Table Continued on Next Page
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Table Continued

[ 402387FDIS | 40/2308aRVD |

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

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

A list of all parts in the IEC 60939 series, published under the general title Passive filter units for
electromagnetic interference suppression, can be found on the IEC website.

The comm
date indicH
publication
¢ reconfirm
e withdrawr
e replaced
* amended
DV
Th
thd
10
DV

Wd

ttee has decided that the contents of this publication will remain unchanged uritil

ted on the IEC web site under ”http://webstore.iec.ch” in the data related\to
At this date, the publication will be

2d,

Dy a revised edition, or

L1 DE Addition of the following:

b numbering system in the standard uses a space instead of a comma
usands and uses a comma instead of a'period to indicate a decimal point. F
00 means 1,000 and 1,01 means 1.01.

.2 DE Addition of the followifg:

rds in smaLL capiTaLs in thetext are defined in Clause 1.4.

}he stability
he specific

o indicate
r example,
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PASSIVE FILTER UNITS FOR ELECTROMAGNETIC INTERFERENCE
SUPPRESSION - Part 3: Passive filter units for which safety tests

are app

1 General

1.1 Scope

ropriate

This specification covers passive filters used to attenuate unwanted radio-frequency signals (such as

noise or inferference) generated from electromagnetic sources.

Both single
forming a d

Filters cons
are within
capacitanc
up to the m
or a filter. R

This specifjcation applies to passive filter units for electromagnetic interference suppressio

safety testy
connected
in other cirg
are require

This specif
(d.c. ora.c
400 Hz, or

NOTE For a.
exceeding 10

This specif
DIRECT PLUGH

and multi-channel filters within one enclosure or which are built on a pfinted ¢
ompact entity are included within the scope of this specification.

tructed of capacitive elements where the inductance is inherent in_the-construction
he scope of this specification. Similarly, filters constructed of inductive elementg
b is inherent in the construction of the filter are also within the scope of this specif
anufacturer to state whether a given component is to be designed as a capacitor,
Filters can include also other components like resistors and/or varistors or similar g

are appropriate. This implies that filters specified ‘according to this specification w
0 mains supplies, when compliance with the mandatory tests of Table 3 is necesse
uit positions where the equipment specification prescribes that some or all of these
.

cation applies to passive filter units; Which will be connected to an a.c. mains or g
) with a nominal voltage not exceeding 1 000 V a.c., with a nominal frequency no
1 500 V d.c.

L
L.

use, IEC 60384-14 applie$ to*capacitors which will be connected to a.c. mains with a nominal
Hz.

cation covers apPLIANCE FILTERS (US) but does not cover FACILITY FILTERS, CORD-CONNECT
IN FILTERS. These-other filters will be covered by another sectional specification.

rcuit board

of the filter
where the
cation. It is
an inductor
omponents

h for which
ill either be

iry, or used
safety tests

ther supply
exceeding

frequency not

ED FILTERS Of
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1.2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 These documents are referenced, in whole, in part or as alternative requirements to the requirements contained in this
standard. Their use is specified, where necessary, for the application of the requirements of this standard.

NOTE 2 The list below is a summary of all standards that are referred to within this standard. Appearance of a standard in the list
does not mean that the standard or parts of it are applicable. Only those parts that are specifically referenced in this standard are
applicable.

IEC 6002711, Letters symbols to be used in electrical technology — Part 1: General
IEC 60050|(all parts), International electrotechnical vocabulary

IEC 6006011:2010, High-voltage test techniques — Part 1: General definitions~and test requirgments
IEC 60062) Marking codes for resistors and capacitors

IEC 6006811:2013, Environmental testing — Part 1: General and guidance

IEC 6006812-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 6006812-2, Environmental testing — Part 2-2: Tests = Test B: Dry heat

IEC 6006812-6, Environmental testing — Part 2-6: [ests — Test Fc: Vibration (sinusoidal)
IEC 6006842-14, Environmental testing — Part\2-14: Tests — Test N: Change of temperature
IEC 6006812-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing

IEC 6006812-20:2008, Environmental testing — Part 2-20: Tests — Test T: Test methods for $olderability
and resistance to soldering heat.of devices with leads

IEC 60068}2-21, Environinental testing — Part 2-21: Tests — Test U: Robustness of termimations and
integral mdunting devieces

IEC 6006842-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h
cycle)

IEC 60068-2-45:1980, Basic environmental testing procedures — Part 2-45: Tests — Test XA and
guidance: Immersion in cleaning solvents

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state
IEC 60294, Measurement of the dimensions of a cylindrical component with axial terminations

IEC 60384-14:2013, Fixed capacitors for use in electronic equipment — Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference suppression and connection to the supply mains
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IEC 60664-1:2007, Insulation coordination for equipment within low-voltage system — Part 1: Principles,

requiremen

ts and tests

IEC 60695-11-5, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method — Apparatus,
confirmatory test arrangement and guidance

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical flame test

methods

IEC 60938-1:2006, Fixed inductors for electromagnetic interference suppression — Part 1: Generic

specification

IEC 60934-2, Fixed inductors for electromagnetic interference suppression — Part 2 Sectional

specification

IEC 60939-1, Passive filter units for electromagnetic interference suppressiopy— Part |1: Generic

specification

IEC 60940) Guidance information on the application of capacitors, resistors{_inductors and complete filter

units for electromagnetic interference suppression

IEC 61140] Protection against electric shock — Common aspects/for-installation and equipmept

ISO 8000011, Quantities and units — Part 1: General

CISPR 17,|Methods of measurement of the suppression-characteristics of passive EMC filteling devices
1.2DV DE Modify Clause 1.2 by adding the following:
In [this standard, certain IEC component standard requirements are replaced by the
relevant requirements of compoenent standards listed in Annex P.

1.3 Information to be given in a detail specification

1.3.1 Gengral

The detail $pecifications shall be derived from the relevant blank detail specification.

Detail spegifications‘shall not specify requirements inferior to those of this specification or blank detail

specification. Whenh.more severe requirements are included, they shall be listed in the detail specification,

and indicatpd.in the test schedules, for example by an asterisk.

The information outlined in 1.3.2 to 1.3.5 shall be given in each detail specification and the va

shall prefer

ably be selected from the appropriate clause of this specification.

ues quoted
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1.3.2 Outline drawing and dimensions

There shall be an illustration of the filter as an aid to easy recognition and for comparison of the filter with
others. Dimensions and their associated tolerances, which affect interchange ability and mounting, shall
be given in the detail specification. All dimensions shall preferably be stated in millimetres.

Normally, the numerical values shall be given for the length of the body, the width and height of the body
and the wire spacing, or for cylindrical types, the body diameter and the length and diameter of the
terminations. When necessary, for example when a range of filters is covered by a single detalil
specification, their dimensions and their associated tolerances shall be placed in a table following the
drawing.

In addition| the detail specification shall state such other dimensional information as will |adequately
describe thg filter outline.

Informationl given in 1.3.2 may, for convenience, be presented in tabular form.

1.3.3 Mounting

The detail |[specification shall specify the method of mounting recommended for normal use and the
method whiich is mandatory for the application of the vibration, bump,shock and endurancqg tests. The
design of the filter may be such that special mounting fixtures or heat'sinks are required in its|use. In this

case, the dgtail specification shall describe the mounting fixturessand they shall be used in the|application
of the vibration, bump or shock tests. The specified heat sink”shall be used in the application of the
endurance ftest. If recommendations for mounting for “normal” use are made, they shall be included in the
detail specffication under “Additional information (not for'inspection purposes)”. If they are |included, a
warning cgn be given that the full vibration, bump~and shock performance may not be favailable if

mounting methods other than those specified in the detail specification are used.

1.3.4 Ratings and characteristics

1.3.4.1 Un|ts, symbols and terminology:

Units, graphical symbols, letter symbols and terminology shall, whenever possible, be takgn from the
following puiblications:

— IEC 60047-1

— IEC 60050 series

— 1SO 800q0-1

When further items are required they shall be derived in accordance with the principles of the publications
listed above.
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1.3.4.2 Ge

neral

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

1.3.4.3 Pa

rticular characteristics

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

1.3.5 Marking

The deta” :pUbiﬁbdt;Ull D: Ia.” DPUbify ti 1S CUI ItUI It Uf t;IU IIICI.I:’\;IIH Ul t: 1< fl:tcl al I\JI ti 1< pcu,'r\agt;.

1.4 Terms|and definition

For the purposes of this document, the applicable terms and definitions of IEC 60939<1 and the following
apply.

1.4.1 cAPAGITOR OF CLASS X RC UNIT OF CLAss x: capacitor or RC unit of a TyPé suitable for use ih situations
where failufe of the capacitor would not lead to danger of electric shock.but could result in a fisk of fire

Note 1 to ent
superimposed
outside lines,

y: Class X capacitors are divided into two subclasses (see Table A1) aecording to the peak voltage o

Table 1 — Classification of Class X capacitors

Subclass Peak impulse Application Peak impulse voltage
voltage in Up applied before
service endurance test
X1 >2,5KV, High pulse When Cy < 1,0 uF
<4,0kvV application Up=4kV
When Cy > 1,0 uF
Up= —% kv
Cn
10-6F
X2 <2,5kV General purpose When Cy < 1,0 uF

Up=25KV

When Cy > 1,0 yF
Up= —25 4y

\/E

106 F

on the mains voltage to which they may be subjected in service."Such impulses may arise from lightr
from switching in neighbouring equipment, or switching in the‘equipment in which the capacitor is used.

the impulses
ing strikes on

X1 capacitors may be substituted by Y2 or Y1 capacitors of the same or higher Ug, X2 capacitors can
be substituted with X1 or Y2 or Y1 capacitors of the same or higher Ug.

NOTE 1 The factor used for the reduction of Up for capacitance values above 1,0 uF maintains
1/2 x C\Up? constant for these capacitance values; Cy is in F.

NOTE 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage
are found in IEC 60664-1.

su1749a

[SOURCE: IEC 60384-14:2013, 1.7.1

and Table 1]
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1.4.2 CAPACITOR OF CLASS Y RC UNIT OF CLASS Y: capacitor or RC-unit of a Tvpe suitable for use in situations
where failure of the capacitor could lead to danger of electric shock.

Note 1 to entry: Class Y capacitors are further divided into three subclasses Y1, Y2, and Y4, as shown in Table 2.

One Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary insulation. If combined basic and
supplementary insulations are bridged by two Y2- or Y4-capacitors in series, they must have the same nominal value.

In a.c.-applications Y-capacitors can be substituted with two X-capacitors connected in series provided that Ug of the X-capacitors
are not less than the Ug of the Y-capacitor and that the filter withstands the voltage proof in 4.8. In case of Y1-capacitor substitution,
the X-capacitors shall be X1-capacitors.

In DC-filters with a rated voltage of 150 V d.c. or less, a Y2- and Y4-capacitor may be substituted by one Xcapacit¢r with a rated
voltage 250 V| d.c. or higher.

For guidance fon the application of capacitors bridging basic insulation, see IEC 60940.

Table 2 — Classification of Class Y capacitors

PeaK impulse voltage
Range of rated

Subclass Type of insulation bridged voltages Up applied before
endurance test
Y1 Double insulation or reinforced < 500,¢ Up=8,0kV
insulation
Y2 Basic insulation or supplementary 2150 V When Cy < 1,0 yF
insulation <500V Up =5kV

When Cy > 1,0 uF

Up= =2 kv

@

106F

Y4 Basic insulation onstpplementary <150V Up=25kV
insulation

Y2 capacitors may be substifufed-by Y1 capacitors of the same or higher Ug.

NOTE 1 For definitions of basic, supplementary, double and reinforced insulation see IEC 61140.

NOTE 2 The faetor Used for the reduction of Up for capacitance values above 1,0 uF maintains
1/2 xCUp?2 constant for these capacitance values; Cy is in F.

NOTE 3\ Overvoltage categories in association with rated impulse voltage and rated mains voltage
are found in IEC 60664-1.

su1750a

[SOURCE: IEC 60384-14:2013, 1.7.2 and Table 2]

1.4.3 eaRTH INDUCTOR: inductor that forms part of the earth lead of a filter
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1.4.4 tvee: group of components having similar design features, the similarity of their manufacturing
techniques enabling them to be grouped together either for qualification approval or for quality
conformance inspection, and generally covered by a single detail specification

Note 1 to entry: Components described in several detail specifications may, in some cases, be considered as belonging to the same
Tyre and may therefore be grouped together for approval and quality conformance inspection.

1.4.5 styLeE: subdivision of a Tyre generally based on dimensional factors; a styLe may include several
variants, generally of a mechanical order

1.4.6 ELECTROMAGNETIC INTERFERENCE SUPPRESSION FILTER UNIT (FILTER) RADIO INTERFERENCE SUPPRESSION FILTER UNIT:

assembly gfprece=parts—and-inductive;capacitive—andresistiveetements—tobeused-for-theneduction of

electromag

1.4.7 a.c.
power-freq

1.4.8 p.c. ALTER: passive filter unit designed essentially for application with acd:e. supply

Note 1 to ent
telecom d.c. (g

1.4.9 appLI
equipment

Note 1 to en
equipment, da

1.4.10 corp-conNEcTED FILTER: filter provided with>a*supply cord having an attachment plug for

the filter to
the filtered

Note 1 to entf

1.4.11 DIRE
branch-circ|

voltage to @n external (appliance or other equipment) load

Note 1 to entr]

1.4.12 Faci

hetic interference caused by electrical or electronic equipment, or other sources

lency alternating voltage supplied from the mains

y: Typical b.c. FiLTERs are photovoltaic filters used within inverters/converters\ete. between the panel an
ower line filters.

ANCE FILTER: filter intended to be factory-installed as acomponent part of end-use ap
connected to (supplied by) the branch circuits of @/building wiring system

ry: Included in this category are filters installed in medical and dental equipment, office appliances
ta processing equipment, and household appliances such as mixers, vacuum cleaners, hand tools, an
a branch-circuit receptacle. It is also provided with one or two receptacles for dig
voltage to an external (appliance)or other equipment) load
ly: CORD-CONNECTED FILTERS are not'covered by this specification, see 1.1.

cT PLuG-IN FILTER: filier provided with blades or pins at the filter body that plug dir
Lit receptacle. It ishalso provided with one or two receptacles for the distribution of
: DIRECT PLUGAIN"FILTERS are not covered by this specification, see 1.1.

LiITY-FILTER: filter installed as part of the service, feeders, or branch circuitry of a bui

system

MAINS FILTER MAINS FILTER: passive filter unit designed essentially for, application with a

d converter or
pliances or
and business

il the like.

connecting
tribution of

ectly into a
the filtered

ding wiring

Note 1 to entry: FaciLiTy FILTERs are not covered by this specification, see 1.1.
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1.4.13 RraTED VvoLTAGE Ug: maximum r.m.s. operating voltage at RATED FReQuENcY or the maximum d.c.
operating voltage which may be applied continuously to the terminations of the filter unit at any

temperature between the lower and the UPPER CATEGORY TEMPERATURES

Note 1 to entry: A filter not suitable for the same voltage line-to-line and line-to-ground shall be marked with a slash rating, e.g.

300/520 V a.c.
Note 2 to entry: When it is necessary for clarity the nature of UR should be shown, like Ug a.c. or Ugr d.c.

Note 3 to entry: Filters may have more than one rated voltage value or may have a rated voltage range.

1.4.14 wo - TC: TC:
can occur \hen the equipment is supplied at rated voltage

1.4.15 RrATED FREQUENCY: maximum frequency at which maximum a.c. operating voltage may b¢
terminationg of the filter

1.4.16 LOWER CATEGORY TEMPERATURE: minimum ambient temperature for whichctfie' filter has beg
to operate pontinuously

1.4.17 uPPER CATEGORY TEMPERATURE: maximum ambient temperature<for which the filter uni
designed t¢ operate continuously

1.4.18 RATED TEMPERATURE: maximum ambient temperature at‘which a filter can carry its raTED
1.4.19 RATED CURRENT: maximum a.c. operating current threugh input and output filter terminatiq
FREQUENCY @r maximum d.c. rating current which allews continuous operation of the filter g
TEMPERATURH, assigned by the manufacturer for one, or both of the following conditions:

a) free air {/Iro);

b) with a specified heat sink (/gy)

1.4.20 nom|NAL capaciTANCE Cy: effeetive capacitance value resulting from the combination o
elements of the filter for which_a.filter has been designed and which may be indicated upon it

1.4.21 nom|NAL INDUCTANCE (Lyj: inductance value for which the inductor has been designed and
be indicatef upon it

1.4.22 nsepTioN ross: ratio of the voltage before and after the insertion of the filter in thg

ation which

b applied to

n designed

has been

PURRENT

ns at rRATED
t the RATED

capacitive

which may

b circuit as

measured Tt the terminations either with a symmetrical or an ASYMMETRICAL TEST CIRCUIT

Note 1 to entry: It is normally expressed in decibels, when the inserTion Loss is 20 times the logarithm to base 10 of this ratio.

1.4.22.1 AsYmMmETRICAL TEST CIRcuIT [common mopE]: test circuit in which the filter under test is connected as

a 3-terminal network, one terminal of which is connected to earth

Note 1 to entry: The signal is applied between the input terminal and earth, and the output is measured between the output terminal

and earth. There is a common (earth) connection between generator, filter and receiver (see Figure 1).


https://ulnorm.com/api/?name=UL 60939-3 2017.pdf

