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Foreword

The text of document CISPR/A/941/FDIS, future edition 2 of CISPR 17, prepared by CISPR SC A,
"Radio-interference measurements and statistical methods", was submitted to the IEC-CENELEC parallel
vote and was approved by CENELEC as EN 55017 on 2011-07-15.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent
rights.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2012-04-15

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2014-07-15

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard CISPR 17:2011 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

CISPR 12:2007 NOTE Harmonized as EN 55012:2007 (not modified).
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications
The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.
Publication Year Title EN/HD Year
IEC 60050-161 - International Electrotechnical Vocabulary -

(IEV) -

Chapter 161: Electromagnetic compatibility
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS OF MEASUREMENT OF THE SUPPRESSION
CHARACTERISTICS OF PASSIVE EMC FILTERING DEVICES

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 standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application 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 CISPR 17 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This second edition cancels and replaces the first edition published in 1981. It is a technical
revision.

This edition includes the following significant technical change with respect to the previous
edition: new measurement methods are added to characterize the more technologically
sophisticated EMC filtering devices currently available.

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

FDIS Report on voting
CISPR/A/941/FDIS CISPR/A/951/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. Documents
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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 stability 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.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

The suppression characteristics of EMC filters and components used for the suppression of
EM disturbances, referred to in this standard as EMC filtering devices, are a function of
numerous variables such as impedance of the circuits to which they connect, operating
voltage and current, and ambient temperature. This standard specifies uniform test methods
that will enable comparison of filtering and suppression characteristics determined by test
laboratories or specified by manufacturers.

The first edition of CISPR 17 (1981) prescribed the measurement methods of insertion loss
mainly for power-line filters. Today, however, many types of sophisticated EMC filters and
suppression components can be found in various electronic devices. Those filters need to be
characterized using standardized measurement methods. New methods for measurement of
impedance and S-parameters for such EMI devices are included in this second edition.

In addition, the following insertion loss measurement methods from the first edition have been
deleted because they are no longer in use in the industry:

¢ measurement method with a bias voltage for insertion loss measurement,
e in situ method, and

e worst-case methods.
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METHODS OF MEASUREMENT OF THE SUPPRESSION
CHARACTERISTICS OF PASSIVE EMC FILTERING DEVICES

1 Scope

This International standard specifies methods to measure the radio interference suppression
characteristics of passive EMC filtering devices used in power and signal lines, and in other
circuits.

The defined methods may also be applied to combinations of over-voltage protection devices
and EMC filtering devices.

The measurement method covers the frequency range from 9 kHz to several GHz depending
on the device and test circuit.

NOTE Measurement methods in this standard may be applied up to 40 GHz.

The standard describes procedures for laboratory tests (type tests) as well as factory tests.
Test methods with and without bias conditions are defined.

Measurement procedures are provided for unbiased and bias conditions. Measurements
under bias conditions are performed to determine potential non-linear behaviour of the EMC
filtering devices such as saturation effects in inductors with magnetic cores. This testing
serves to show the usability in a specific application (such as frequency converters that
produce high amplitudes of common mode pulse current and thus may drive inductors into
saturation). Measurement under bias conditions may be omitted if the non-linear behaviour
can be determined by other methods (e.g. separate saturation measurement of the inductors
used).

2 Normative references

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

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 161:
Electromagnetic compatibility

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as those given
in [IEC 60050-161, apply.

3.1.1

bias current

d.c. or a.c. mains (power) frequency current flowing through the current conductor(s) of the
EMC filtering device under test
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3.1.2

bias voltage

d.c. or a.c. mains (power) frequency voltage applied between specified parts of the EMC
filtering device under test

3.1.3

device under test

EMC filtering device subjected to measurement, calibration and test according to this
standard

3.1.4

EMC filtering device

a generic term within this standard to describe any kind of suppression circuit, whether a
single component or a complex circuit

3.1.5

filter

composition of single components such as inductors and capacitors that can suppress
electromagnetic disturbance

3.1.6

impedance

7z

ratio of an a.c. electric current / to an a.c. voltage V (at frequency f ), which may be
represented by a complex number expressed as Z = V/I, indicating the total opposition to the
passage of a.c. current; used as a parameter to represent the characteristics of two-terminal
devices such as inductors, capacitors, and resistors, as well as those of four-terminal devices
such as common-mode choke coils (CMCC)

NOTE Consists of ohmic resistance R and reactance X, usually represented in complex notation as Z = R + jX;
alternatively represented in the polar coordinates as |Z| exp(j0) (absolute value |Z| and phase angle 6); may imply
the performance of an EMC filtering device; Z is expressed in Q.

3.1.7

insertion loss

for a filter connected into a given transmission system, the ratio of voltages appearing across
the line immediately beyond the point of insertion, before and after insertion of the EMC
filtering device under test

NOTE Insertion loss is expressed in dB.

3.1.8
impedances of the test circuit
impedance across the terminals of the test circuit without the filter connected

NOTE For insertion loss measurement shown in Figure 4, impedances are designated Z,, Z,,, Z,, and Z,
referenced to 50 Q; in special cases the impedances may be changed to other values that reflect the environmental
conditions of certain applications.

3.1.9

receiver

selective or non-selective instrument, such as a broadband voltmeter, a tunable voltmeter, a
spectrum analyzer or the receiving part of a network analyzer

NOTE See 5.2.2 for details.

3.1.10

reference impedance

impedance of a line or port at the point where the insertion loss or S-parameters are
measured or evaluated, specified when results are reported
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NOTE The reference impedance is usually 50 Q.

3.1.11

reference potential

reference for voltage measurement to which the ground connections of the test equipment
and the filter are connected, normally provided by a metallic plane of sufficient size

3.1.12
single component
basic component used for EMC purposes such as capacitors or inductors

3.1.13
S-parameter
scattering parameter
Sji
j
an element of the S-matrix expressing the transmission and reflection coefficients of a device

NOTE 1 As most commonly used, each S-parameter relates the complex electric field strength (or voltage) of a
reflected or transmitted wave to that of an incident wave; the subscripts of a typical S-parameter S, refer to the
output and input ports related by the S-parameter, which may vary with frequency and apply at a specified set of
input and output reference planes; may imply the performance of an EMC filtering device.

EXAMPLE The S-parameters for a two-port circuit are defined as follows:

S S
S:{ 11 12}
S21 S22

where

S,;pand S,, are the reflection coefficients at port 1 or 2 of a circuit component, respectively, where the
opposite port is terminated with a port reference impedance (for example 50 Q); and

S,,and S, are the transmission coefficients representing the ratio of the signal transmitted to port 2 to that
incident from port 1, and vice versa, respectively. The value of S,, is a good indicator of the
noise suppression for a signal passing through this component.

NOTE 2 It is important to evaluate the degradation of a signal waveform caused by variation in the S-parameters
with the frequency.

3.1.14
test circuits

3.1.141

asymmetrical (common mode) test circuit

test circuit in which all input lines of a filter under test are connected to a signal generator
with all output lines being connected to a receiver

NOTE The test circuit used to measure the asymmetrical (common mode) insertion loss of a filter is shown in
Figure 5.

3.1.14.2

symmetrical (differential mode) test circuit

test circuit in which the signal is fed across a pair of input lines of a filter under test, and the
corresponding pair of output lines is connected to a receiver; the other lines are not
terminated

NOTE An example of the test circuit used to measure the symmetrical (differential mode) insertion loss of a filter is
shown in Figure 6; all combinations of each two lines of the filter are measured; ground or PE (protective earth)
terminals are not considered.

3.1.14.3

unsymmetrical test circuit

test circuit in which the signal is fed to an input line of a filter under test, and the

corresponding output line is connected to a receiver; the other input and outpykli

terminated in specified impedances Lb&l&iﬁﬁents
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NOTE An example of the test circuit used to measure the unsymmetrical insertion loss of a filter is shown in
Figure 7; each line of the filter is measured with all unused lines terminated to reference potential with Z44 or Z15.

3.2 Abbreviations

CMCC

DUT

EM

EMC

GND

HPF

N

PE

RF

SMD

TRL

VNA

VSWR

Common-mode choke coils
Device under test
Electromagnetic
Electromagnetic compatibility
Electromotive force
Ground

High-pass filter

Line

Neutral

Protective earth

Radio frequency

Surface mount device
Thru/Reflect/Line

Vector network analyzer

Voltage-standing wave ratio

4 Classification of EMC filtering devices

Examples of EMC filtering devices and their applicable measurement methods are shown in

Table 1.
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Table 1 — Examples of EMC filtering devices

Parameters to be measured and
Examples
measurement method
Filter type Symbol or circuit diagram
. Insertion S-
Outer view Impedance
loss parameter
Ferrite cores )
and o 000 Clause 5 Clause 6 Clause 7
absorbing A\l
clamps
Chokes,
inductors and o— 00 —o Clause 5 Clause 6 Clause 7
beads
*
Non_ ':f__.
feedthrough o—}—o Clause 5 Clause 6 Clause 7
capacitors @
Feedthrough o——>" Clause 5 - Clause 7
capacitors —l_
Three- A T
terminal T o Clause 5 - Clause 7
capacitors
Common @
mode choke . 000 ° Clause 7 Clause 6 Clause 7
coils omo
A o_/\/\/\/_o Annex E of
Resistors (=] CISPR - -
o 12:2007
] 1 I
- o
Filter Iy L[ L]
(multiple —% EET = T = T Clause 5 - -
lines®  with — L m?;
GND) i - i
R: Blaader resistor Case GND
@ one line without neutral, multiple lines with or without neutral.
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4.1 Insertion loss
411 Insertion loss calculation

The standard test method uses a calibrated 50-Q signal source and a 50-Q receiver. The
insertion loss is determined by the following formula:

v
= 20log—2-
a6 = 20log 2 (1)
where
ae is the insertion loss (dB),
Vo is the open circuit output voltage of a 50-Q signal generator, and
Vs is the voltage at the output of the filter circuit.

Theory and background information on insertion loss measurement are presented in Annex E.

4.1.2 Asymmetrical (common) mode

Because all input and output lines are connected in parallel, only one set of values for the
asymmetrical insertion loss is measured (see 5.2.3).

4.1.3 Symmetrical (differential) mode

Each pair of input lines shall be measured against the corresponding output lines; one set of
insertion loss values or curves is measured for each of the line pairs. Ground or PE
(protective earth) terminals are not considered (see 5.2.4).

For example, for a three-line filter with neutral line (line terminals L1, L2, L3, neutral terminal
N and PE) the following measurements shall be performed: L1 to L2, L1 to L3, L2 to L3, L1 to
N, L2 to N, L3 to N (six measurements in total).

Symmetrical mode measurements cannot be applied to single-line filters or components.

4.1.4 Unsymmetrical mode

Each input line shall be measured against the corresponding output line with all unused lines
being terminated by specified impedance (normally 50 Q) to reference potential (see 5.2.5).

For example, for a three-line filter with neutral line (line terminals L1, L2, L3, neutral terminal
N and PE) the following measurements shall be performed: L1 with L2, L3 and N terminated,
L2 with L1, L3 and N terminated, L3 with L1, L2 and N terminated and N with L1, L2 and L3
terminated.

Unsymmetrical mode measurements cannot be applied to one-line filters or components.

4.2 Impedance

An EMC filtering device of certain impedance is often inserted into a circuit to reduce the
unwanted current. The suppression characteristics may be determined by the impedance
characteristics of both the inserted device and the original circuit.

The impedance of the device, and therefore the suppression characteristics, vary with
frequency, bias condition, etc. Consequently, the impedance should be measured at various
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frequencies. This frequency dependence is used to design an EMC filtering device. The
impedance measurements may be applied in the frequency range from 9 kHz to 3 GHz.

4.3 S-parameters
4.3.1 General

The EMC characteristics of a device are determined by the S-parameters of both the inserted
device and the original circuit.

The S-parameters of the device, and therefore the suppression characteristics, vary with
frequency, bias condition, etc. Consequently, S-parameters should be measured at various
frequencies. This frequency dependence is used to design an EMC filtering device. The S-
parameter measurements may be applied in the frequency range from around 100 MHz to
6 GHz.

4.3.2 Two-port S-parameters

The characteristics of two-terminal components (inductors, capacitors, etc.) can be evaluated
in terms of the two-port S-parameters using a test fixture as shown in Figure 1. Three-terminal
filters (feedthrough capacitors, other three-terminal filters) are also evaluated using a test
fixture as shown in Figure 2.

Two configurations for connecting the two-terminal devices and fixture are possible: one using
a series connection and one using a shunt connection. One of these configurations should be
chosen according to the application of the device. The series connection is normally selected
for inductors, and the shunt connection is chosen for capacitors. However, when capacitors
are used as high-pass filters (HPF), the series connection should be selected.

1 2
Port 1 Port 2
1'(GND) 2'(GND) 1'(GND)CI;>§ 2'(GND)

[
o

a) Series connection, for high impedance b) Shunt connection, for low impedance DUT
DUT compared to 50 Q compared to 50 Q

Figure 1 — Measurement arrangement for S-parameters of a two-terminal device

1 2
1
Port 1 1 Port2
FEFEFE ) I ;
1’ (GND) O 2’ (GND)

[

Figure 2 — Measurement arrangement for S-parameters of a three-terminal device
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The characteristic impedance of the S-parameter test fixture should be matched to the port
impedance of a network analyzer (50 Q).

When the test fixture is matched to 50 Q, the insertion loss (a,) in dB can be given by

ag =—-20log| S;; | (2)
The return loss (a,) in dB is defined as
ap =-201log|S;;| 3)

4.3.3 Four-port S-parameters

The characteristics of a four-port device (illustrated in Figure 3), such as common-mode
choke coils (CMCC) may be evaluated using the four port S-parameters (see Annex G).

1"(GND) @ O 2'(GND)
Port 1 : .......... i Port 2
1 ¢ ; 2
3 & > 4
Port3 I Port4
3'(GND) Q 4’(GND)

Figure 3 — Measurement arrangement for four-port S-parameters

Measurements using a vector network analyzer (VNA) yield S-parameters S;; for the four ports.
However, the common/differential-mode S-parameters derived from the measured
S-parameters are more useful for characterizing the device (hereafter referred to as the
mixed-mode S-parameters) [5]1. These are defined by the following formula:

Scc11 Scet12 | Scd11 Scdi2

S.:_Scc Scd}: Scc21 Scc22 | Scd21  Scd22
| Sdc Sdd Sdc11 Sde12 | Sdd11 Sdd12
Sdc21  Sdc22 | Sdd21 Sdd22

41+ 831+ S43 + S33
11521+ 841 +S23 +S43
2| 811 —S31+S13 —S33
| S21 = S41+S23 —S43

S12 +S32 +S14 +S34
S22 +S4p + 824 +Saa
S12 =832 + 814 —S3a

811+ 831 =813 =833 S12 +S32 —S14 —S34
Sop + 840 =S4 — Saa

S12 =832 =814 +S34

So1+ 841 —S23 —S43
S11 - 831~ S13 +S33
S21—S841—S23 + 843

S22 =S42 = S24 + 844

(4)

S22 =842 + 824 —Sua

The sub-matrices in the above formula express conversion characteristics between the modes,
where
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S.c  is the matrix for conversion from common mode to common mode,

S.q is the matrix for conversion from differential mode to common mode,

S4c is the matrix for conversion from common mode to differential mode, and
Sqq  is the matrix for conversion from differential mode to differential mode.

Each sub-matrix has four elements. For example, for sub-matrix S:

Scc11 is the reflection coefficient at the input,

S.c12 is the transmission coefficient from the output to input,
Scc21 is the transmission coefficient from the input to output, and
S.coo Is the reflection coefficient at the output.

The reference impedances of the common mode and differential mode are half of and double
the actual port reference impedance, respectively. For example, when the original S-
parameters are measured with a 50-Q instrument, then the common- and differential-mode
port reference impedances become 25 Q and 100 Q, respectively.

5 Insertion loss measurement

5.1 General
This clause describes the methods for performing insertion loss measurement of a DUT. In

addition, the two-port S-parameters measurement described in 4.3.2 may be used. An
example measurement set-up is shown in Figure 4.
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1 3
................... : 2
T
:
Zy :
: Z V.
v, . X 2
: nx Z11
é nx Z12 e
4
Key
1 signal generator
2 EMC filtering (device under test)
3 measuring receiver
4 reference potential (metallic ground plane)
v, open circuit generator voltage
Vy output voltage
Zy generator impedance
Zy4 termination impedance (of adjacent lines) at filter input
Zin termination impedance (of adjacent lines) at filter output
Z, receiver impedance

Figure 4 — Test circuit for insertion loss measurement (example: 4-line-filter)

5.2 Measurement set-up
5.21 General

The insertion loss of an EMC filtering device shall be tested without and with bias current.

5.2.2 Test equipment

NOTE Substantial simplification of the measurement procedure can be achieved by using a suitable sweep
generator and receiver tuned synchronously or a network analyzer. The insertion loss characteristic may then be
observed on a display, or automatically recorded.

5.2.2.1 Signal generator

A sinusoidal signal generator is recommended. Generators of other signals (for example noise
or impulse), which have a uniform output spectrum in the frequency range of interest, may
also be used, but in such cases the receiver shall have good selectivity and spurious rejection.
The impedance of the signal generator shall be 50 Q.

5.2.2.2 Receiver

A selective receiver (having at least one resonant circuit before the first amplifying stage) is
recommended. The use of a non-selective receiver is acceptable if harmonic and other
undesirable frequencies in the output of the generator are small enough but are taken into
account in the measurement uncertainty. The impedance of the receiver shall be 50 Q.
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