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9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS,
150 kHz TO1 GHz -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 61967-4:2002+AMD1:2006 CSV. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in strikethrough
red text.

SS-EN IEC 61967-4, utg 2:2021 SEK Svensk Elstandard
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IEC 61967-4 has been prepared by subcommittee 47A: Integrated circuits, of IEC technical
committee 47: Semiconductor devices. It is an International Standard.

This second edition cancels and replaces the first edition published in 2002 and
Amendment 1:2006. This edition constitutes a technical revision.

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

a) frequency range of 150 kHz to 1 GHz has been deleted from the title;

b) recommended frequency range for 1 Q method has been reduced to 30 MHz;

c) Annex G with recommendations and guidelines for frequency range extension beyond
1 GHz has been added.

The text of this International Standard is based on the following documents:

Draft Report on voting

47A/1101/CDV 47A/1107/RVC

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 61967 series, under the general title Integrated circuits —
Measurement of electromagnetic emissions can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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 document using a colour printer.

SEK Svensk Elstandard SS-EN IEC 61967-4, utg 2:2021
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INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS;
150 kHzTO 1 GHz -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

1 Scope

This part of IEC 61967 specifies a method to measure the conducted electromagnetic emission
(EME) of integrated circuits by direct radio frequency (RF) current measurement with a
1 Qresistive probe and RF voltage measurement using a 150 Q coupling network. These
methods-guarantee ensure a high degree ofrepeatability reproducibility and correlation of EME
measurements measurement results.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61967-1, Integrated circuits — Measurement of electromagnetic emissions,—160-kHzto
1-GHz — Part 1: General conditions and definitions

SS-EN IEC 61967-4, utg 2:2021 SEK Svensk Elstandard
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European foreword

The text of document 47A/1101/CDV, future edition 2 of IEC 61967-4, prepared by SC 47A "Integrated
circuits" of IEC/TC 47 "Semiconductor devices" was submitted to the IEC-CENELEC parallel vote and
approved by CENELEC as EN IEC 61967-4:2021.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2022-01-20
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2024-04-20
document have to be withdrawn

This document supersedes EN 61967-4:2002 and all of its amendments and corrigenda (if any).

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

Endorsement notice

The text of the International Standard IEC 61967-4:2021 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards
indicated:

CISPR 16-1-2 NOTE Harmonized as EN 55016-1-2

CISPR 25 NOTE Harmonized as EN 55025

SS-EN IEC 61967-4, utg 2:2021 SEK Svensk Elstandard
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 1 Where an International Publication has been modified by common modifications, indicated by (mod),

the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available

here: www.cenelec.eu.

Publication Year
IEC 61000-4-6

IEC 61967-1 -

SEK Svensk Elstandard

Title EN/HD

Year

Electromagnetic compatibility (EMC) - Part 4-6: EN 61000-4-6
Testing and measurement techniques -

Immunity to conducted disturbances, induced by

radio-frequency fields

Integrated  circuits -  Measurement of ENIEC 61967-1
electromagnetic emissions - Part 1: General
conditions and definitions

SS-EN IEC 61967-4, utg 2:2021


http://www.cenelec.eu/

-2- IEC 61967-4:2021 © IEC:2021

CONTENTS
FOREWORD ... e 5
1 ST e o] o 1Y PP TPRPRN 7
2 NOIrMALIVE FEIEIENCES . oeiiiiie e e e e e aas 7
3 Terms and definitioNs ... 7
4 GBI Al e 7
4.1 MeEaSUIrEMENT DASICS ...uieiii e 7
4.2 RF CUIrent MeasUremMENt .. ..o e e 9
4.3 RF voltage measurement at 1C PiNS .....oouiiiiiiii 9
4.4 Assessment of the measurement technique ..., 9
I3 o0 g T 114 T o F- 9
I = [ 0T o 1.4 =1 0 10
6.1 RF measuring inStrument .. ... 10
6.2 RF current probe specification ...........cooiiiiiii 10
6.3 Test of the RF current probe capability ..., 11
6.4 Matching network specification ..........cccoiiiii i 11
7 =<3 AT =1 (U o N 12
7.1 General test configuration ..o 12
7.2 Printed circuit test board layout...........ooouiii 12
G T =Y o Yo = o [ U1 = TS 13
O TSt TP O e e 13
Annex A (informative) Probe verification procedure. ... 14
Annex B (informative) Classification of conducted emission levels.............ccccooiiiiiiiiinnnnn.. 18
B.1 LR oTo U Tox (oY VAN =Y 1.0 F= T o G 18
B.2 LT 1= - T PN 18
B.3 Definition of emMisSSioN 1eVEIS. ... 18
B.4 Presentation of reSUILS ... 18
B.4.1 GBNEIAl e 18
B.4.2 E XMl S e 20
Annex C (informative) Example of reference levels for automotive applications................... 22
C.1 INtrOAUCIONY FEIMAIK ...t ee e 22
C.2 (=Y o L=Y - | PPN 22
C.3 RETEIENCE IEVEIS . oiiii e e e s 22
C.3.1 (7Y 1= - | PP 22
C.3.2 Measurements of conducted emissions, 1 Q method.................ccciL 23
C.3.3 Measurements of conducted emissions, 150 Q method.................ccooiiiiinl. 23
Annex D (informative) EMC requirements and how to use EMC IC measurement
B N NI QUES ..o 24
D.1 LR oTo U Tox (oY VAN =Y 1 0 1= o G 24
D.2 Using EMC measurement proCeAUIES . ...t 24
D.3 Assessment of the IC influence to the EMC behaviour of the modules .................. 24
Annex E (informative) Example of a test setup consisting of an EMC main test board
and an EME IC test board.......coooiii 26
E.A LR oTo U Tox (oY YA =Y 1 0 1= o G 26
E.2 EMC main test board ... 26
E.3 EME IC test board......cooiiiiii e 28

SEK Svensk Elstandard SS-EN IEC 61967-4, utg 2:2021



IEC 61967-4:2021 © IEC:2021 -3-

E.3.1 General explanation of the test board ... 28
E.3.2 How to build the test system ... 28
E.3.3 PCB layout and component positioning ..........coceiiiiiiiiiii e 30
Annex F (informative) 150 Q direct coupling networks for common mode emission
measurements of differential mode data transfer ICs and similar circuits ...................... 32
F.1 Basic direct coupling NetWOrK ... ..o 32
F.2 Example of a common-mode coupling network alternative for LVDS or
RS485 or similar SYStEMS ....ivuiiii e 33
F.3 Example of a common-mode coupling network alternative for differential IC
outputs to resistive loads (e.g. airbag ignition driver) ..o 34
F.4 Example of a common-mode coupling network for CAN systems............c..cceeunenee. 34
Annex G (informative) Measurement of conducted emissions in extended frequency
=1 1 10 1N 35
G.1 LT a1 = PP 35
G.2 L UYL L= 1T Y= S 35
G.2.1 Measurement NEIWOIK ... e 35
G.2.2 NetWOrK COMPONENTS ...t e 36
G.2.3 NETWOIK 1aYOUL ...t 38
G.24 Network Verification .........ooi e 38
G.2.5 =153 S o o ¥ T o 39
G.3 APPHCAION @rEa ... e 41
710 [T Yo = o1 2 V78 43
Figure 1 — Example of two emitting loops returning to the IC via common ground ................... 8
Figure 2 — Example of IC with two ground pins, a small I/O loop and two emitting loops ......... 8
Figure 3 — Construction of the 1 Q RF current probe .........coiiiiiiiiii e, 10
Figure 4 — Impedance matching network corresponding with IEC 61000-4-6 ......................... 12
Figure 5 — General test configuration ........ ..o 12
Figure Al — Test CirCUIT ... o e 14
Figure A.2 — Insertion loss of the 1 Q Probe ..o, 14
Figure A.3 — Layout of the verification test cirCuit.............ooooiiiiii i, 15
Figure A.4 — Connection of the verification test circuit............cooooii 16
Figure A.5 — Minimum decoupling limit versus freqQUENCY ..........ccoiiiiiiiiiiiiiiii e 16
Figure A.6 — Example of 1 Q probe input impedance characteristic................ccccooiiiiiiinni. 17
Figure B.1 — EmMISSiON [€Vel SChEME.... ..o e eeaas 19
Figure B.2 — Example of the maximum emission level G8f ..., 20
Figure C.1 — 1 Q method — Examples of reference levels for conducted disturbances
from semiconductors (peak deteCtor) ... ..o 23
Figure C.2 — 150 Q method — Examples of reference levels for conducted disturbances
from semiconductors (peak deteCtor) ......oenii i 23
Figure E.1 — EMC main test board ..........coooiiiiii i 27
Figure E.2 — JUMPer field . ... e 27
Figure E.3 — EME IC test board (contact areas for the spring connector pins of the
MAIN TEST DOAIA ). e i e 28
Figure E.4 — Example of an EME IC test System ..o, 29
Figure E.5 — Component side of the EME IC test board ...........ccccooiiiiiiiiiii e, 30
Figure E.6 — Bottom side of the EME IC test board ... 31

SS-EN IEC 61967-4, utg 2:2021 SEK Svensk Elstandard



-4 - IEC 61967-4:2021 © IEC:2021

Figure F.1 — Basic direct coupling for common mode EMC measurements.................cceeuuene. 32
Figure F.2 — Measurement setup for the S21 measurement of the common-mode
(o701 U] o111 o T IS PPN 33
Figure F.3 — Using split load termination as coupling for measuring equipment..................... 33
Figure F.4 — Using split load termination as coupling for measuring equipment..................... 34
Figure F.5 — Example of an acceptable adaptation for special network requirements
(€.9. TOr CAN SY S OMIS ) ittt e 34
Figure G.1 — Example of a 150 Q measurement network ... 36
Figure G.2 — Example of RF characteristic of network components .............c.coeiiiiiiiiinnnis 37
Figure G.3 — Examples of S21 characteristic by simulation ..................coooiiiiiii . 39
Figure G.4 — Examples of test board section ... 40
Figure G.5 — Examples of unwanted cross coupling between measurement network
and traces ON 1St P OB ... e 40
Figure G.6 — Examples of unwanted signal line cross coupling on S21 transfer
characteristic of RF measurement NetWOrK ..o 40
Figure G.7 — Examples of test board with additional signal line connected to IC pin.............. 41
Figure G.8 — Examples of stub lines length effects on S21 transfer characteristic of
RF measurement NetwWorkK ... ... e 41
Table 1 — Specification of the RF current probe ..., 11
Table 2 — Characteristics of the impedance matching network ..., 12
Table B.1 — EMISSION |@VEIS ..o e 21
Table D.1 — Examples in which the measurement procedure can be reduced........................ 24
Table D.2 — System- and module-related ambient parameters .............cccooiiiiiiiiiiii e, 25
Table D.3 — Changes at the IC which influence the EMC.............oooiiiiiiii e 25
'1I'aéall_|e G.1 — Draft selection table for conducted emission measurements at pins above "
Z e e e eeeaeeea e et eeteeeteet e et eet e et e et ee e et e et e e e e e et e e et ean e e e e anns

SEK Svensk Elstandard SS-EN IEC 61967-4, utg 2:2021



IEC 61967-4:2021 © IEC:2021 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

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.

IEC 61967-4 has been prepared by subcommittee 47A: Integrated circuits, of IEC technical
committee 47: Semiconductor devices. It is an International Standard.

This second edition cancels and replaces the first edition published in 2002 and
Amendment 1:2006. This edition constitutes a technical revision.

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

a) frequency range of 150 kHz to 1 GHz has been deleted from the title;
b) recommended frequency range for 1 Q method has been reduced to 30 MHz;

c) Annex G with recommendations and guidelines for frequency range extension beyond
1 GHz has been added.
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The text of this International Standard is based on the following documents:

Draft Report on voting

47A/1101/CDV 47A/1107/RVC

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 61967 series, under the general title Integrated circuits —
Measurement of electromagnetic emissions can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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 document using a colour printer.
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INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

1 Scope

This part of IEC 61967 specifies a method to measure the conducted electromagnetic emission
(EME) of integrated circuits by direct radio frequency (RF) current measurement with a
1 Qresistive probe and RF voltage measurement using a 150 Q coupling network. These
methods ensure a high degree of reproducibility and correlation of EME measurement results.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61967-1, Integrated circuits — Measurement of electromagnetic emissions — Part 1. General
conditions and definitions
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