IEC TS 62153-4-1:2014-01(EN)

IEC IEC TS 62153-4-1

®
®

Edition 1.0 2014-01

TECHNICAL
SPECIFICATION

R " h

Metallic communication cable test methods —(<
Parnt 4-1: Electromagnetic compatibility (EI\@— Introduction to electromaghetic
screening measurements \\§\

<



https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC

3, rue de Varembé

Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00

CH-1211 Geneva 20 info@iec.ch

Switzerland www.iec.ch
Abouf the IEC
The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, pullishes
Internptional Standards for all electrical, electronic and related technologies.
About IEC publications
The tgchnical content of IEC publications is kept under constant review by the IEC. Please make_sure' that you haye the
latest fedition, a corrigenda or an amendment might have been published.
IEC Chtalogue - webstore.iec.ch/catalogue Electropedia - www.electropédia.org
The ptand-alone application for consulting the entre  The world's leading online dictionary of electronic and
bibliographical information on IEC International Standards, electrical terms containihgy more than 30 000 terms and
Technjcal Specifications, Technical Reports and other  definitions in English and French, with equivalent termg in 14
docunjents. Available for PC, Mac OS, Android Tablets and  additional languages, Also known as the International
iPad. Electrotechnical Yocabulary (IEV) online.
IEC puyblications search - www.iec.ch/searchpub IEC Glossary< std.iec.ch/glossary
The aflvanced search enables to find IEC publications by a  More than 55 000 electrotechnical terminology entfies in
variety of criteria (reference number, text, technical  English-and French extracted from the Terms and Defihitions
commjttee,...). It also gives information on projects, replaced  clause of IEC publications issued since 2002. Some ¢ntries
and withdrawn publications. havedbeen collected from earlier publications of IEC TC 37,

77,°86 and CISPR.

IEC Juist Published - webstore.iec.ch/justpublished
Stay yp to date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/csc
detail§ all new publications released. Available online amd If you wish to give us your feedback on this publication or
also ohce a month by email. need further assistance, please contact the Customer Service

Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

IEC TS 62153-4-1

Edition 1.0 2014-01

TECHNICAL
SPECIFICATION

“polour
inside

Metallic communication cable test methods -~
Part 4-1: Electromagnetic compatibility (EMC) - Introduction to electromaghetic
screening measurements

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE XD

ICS 33.100 ISBN 978-2-8322-1311-7

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

-2- TS 62153-4-1 © IEC:2014(E)

CONTENTS

O T L I S 7
1 S T oo o 1= S 9
2 NOrmMative refereNCEeS ... .. 9
3 Symbols interpretation .. ... 10
4 ElectromagnetiCc pPhenomena. ... . ... 12
5 [The intrinsic screening parameters of short cables ..o ...14
5.1 GeNeral. . e N ... 14
5.2 Surface transfer impedance, Z7.............coooo ...14
5.3 Capacitive coupling admittance, Yo ..........cooooo B ... 14
5.4 Injecting with arbitrary cross-sections ........cc.ccoiiiiiii D ... 16
5.5 Reciprocity and symmetry . ... e ...16
5.6 Arbitrary load conditions ........c.ocoiviiiiiiiii s ... 16
Long cables — coupled transmission lINeS ..o A, ... 16
Transfer impedance of a braided wire outer conductor or_seréen ..............ccooeevenienennen. ...24
[Test POSSIDIlItIes .. . S N ...30
8.1 GENETAl .. A ...30
8.2 Measuring the transfer impedance of ceaxial cables ...l ...30
8.3 Measuring the transfer impedance of\cable assemblies....................ccooiinni, ...31
8.4 Measuring the transfer impedanceof connectors .............ooiiiiiiiiiiiiian, ...31
8.5 Calculated maximum screening™Mevel ..., ... 31

9 [Comparison of the frequency response of different triaxial test set-ups to measure
the transfer impedance of cable SCEEENS ..., ... 36
9.1 LT a1 =Y PP ...36
9.2 PhySiCal DasiCS ... et ...36
9.2.1 TriaXial Set-UP o ...36
9.2.2 Coupling equUAatioNS ......iviiie e ...38
9.3 SIMUIAt OIS, e ...40
9.3.1 GENEIAI .. ...40

9.3.2 Simulation of the standard and simplified methods according
to EN 50289-1-6, IEC 61196-1 (method 1 and 2) and

IEC 62153-4-3 (Method A) ..ooivniiiiiiieiie e ...40
9.3.3 Simulation of the double short circuited methods ......................... ...46
9.4 1070 o o U1 To T o [P ...54
10 Background of the shielded screening attenuation test method (IEC 62153-4-4)............ 54
10.1 LT 1= - | PP 54
10.2 OB VS e 55
10.3 Theory of the triaxial measuring method ..., 55
10.4 Screening attenuation ... ... 60
10.5 Normalised screening attenuation ... 62
10.6 MeEaSUred FESUILS ... e 63
10.7 Comparison with absorbing clamp method ... 65
10.8 Practical design of the test Set-Up .......ccoviiiiiiiiii e, 66
10.9 Influence of mismatches ... ... 67
10.9.1 Mismatch in the outer circuit.............ooii 67
10.9.2 Mismatch in the inner circuit ... 69


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

TS 62153-4-1 © IEC:2014(E) -3-

11 Background of the shielded screening attenuation test method for measuring the
screening effectiveness of feed-throughs and electromagnetic gaskets

(L= G2 S E ey I 0 72
11.1 LT a1 = Y 72
11.2 Theoretical background of the test Fixtures and their equivalent circuit............ 73
11.3 Pictures and measurement results ... 76
11.3.1 Characteristic impedance uniformity .............coooiiiiiiiiiii 76
11.3.2 Measurements of shielding effectiveness..........c..cooiiis 78
11.3.3 Calculation of transfer impedance..............cccoviiiiiii i 80
114 Ca:vu:atiun Uf Dblccll;lly attcnuatiun fUl fccd-thluuyh VVhCII thc tlallbfcl
impedance ZT i8S KNOWN ..........ccoiiiiiiiiiiiiii e O ...82
12 [Background of the shielded screening attenuation test method for measuring the
screening effectiveness of RF connectors and assemblies (IEC 62153-4-7)..5....7......] ...83
12.1 Physical DasiCs ....ccuuiiiiiiiii e W ...83
12.1.1 Surface transfer impedance Zy................... o laed ...83
12.1.2 Screening attenuation ag..................L QL ...84
12.1.3 Coupling attenuation ag ..................a ...84
12.1.4 Coupling transfer function ... 0 T ...84
12.1.5 Relationship between length and screehing measurements .........] ...85
12.2 Tube in tube set-up (IEC 62153-4-7) ...ooiieii e N e ...86
12.2.1 General ... N ...86
12.2.2 Procedure. ... ...86
12.2.3 Measurements and simulations............ccooviiiiiiiiii ...88
12.2.4 Influence of contact resistances........c..ooiii i ...89
BibliDGraphy ... ... 91
Figufe 1 — Total electromagnetic field (Et,Ht) .................................................................... .12
Figufre 2 — Defining and measuring\screening parameters — A triaxial set-up...................... ... 13
Figufe 3 — Equivalent circuit fot-the testing of Z ... ... 15
Figufe 4 — Equivalent circuitfor the testing of Yo =j @C ... ... 15
Figufre 5 — Electrical guantities in a set-up that is matched at bothends ............................ ... 16
Figufe 6 — The summing function S{L-f} for near and far end coupling ..................cceeeennnnn, ...20
Figufe 7 — Transfer impedance of a typical single braid screen................cooooiiiiiiiinin, ...20
Figufre 8 — The) effect of the summing function on the coupling transfer function of a
typicial single braid SCreen Cable ... ... 21
Figufe‘@ ~ Calculated coupling transfer functions T, and Ts for a single braid - Zg = 0...... .21
Figure 10 — Calculated coupling transfer functions Ty, and Ts for a single braid — Im(ZT)
is positive and Zg = +0,5 x Im(ZT) at high frequencies.......................... 22
Figure 11 — Calculated coupling transfer functions T, and Ts for a single braid — Im(Z)
is negative and Zg = -0,5 x Im(Z7) at high frequencies.......................... 23
Figure 12 — | -S: the complete length dependent factor in the coupling function T................. 24
Figure 13 — Transfer impedance of typical cables ..., 25
Figure 14 — Magnetic coupling in the braid — Complete fluX...........ooooiiiiii 26
Figure 15 — Magnetic coupling in the braid — Left-hand lay contribution ................................ 26
Figure 16 — Magnetic coupling in the braid — Right-hand lay contribution .............................. 26
Figure 17 — Complex plane, ZT = Re ZT + j Im ZT, frequency f as parameter........................ 27

Figure 18 — Magnitude (amplitude), | ZT7 (f) | .ccoooeeiiiiii 27


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

-4 - TS 62153-4-1 © IEC:2014(E)

Figure 19 — Typical ZT (time) step response of an overbraided and underbraided single

braided outer conductor of a coaxial cable ... 28
Figure 20 — ZT equivalent circuits of a braided wire screen................................ 29
Figure 21 — Comparison of signal levels in a generic test setup ........cccoevviiiiiiiiiiiieee, 32
Figure 22 — Triaxial set-up for the measurement of the transfer impedance Z ..................... 36
Figure 23 — Equivalent circuit of the triaxial set-up ... 37
Figure 24 — Simulation of the frequency response for g........cooiiiiiiiiiiii 41
Figure 25 — Simulation of the frequency response for g........coooiiiiiiiiiii 41
Figu e26—Simutatiomrof-the fquUCllby reSponsST for [T ...42
Figufe 27 — Simulation of the frequency response for g.......cccoooiiiiiiiii i N ...42
Figufe 28 — Simulation of the 3 dB cut off wavelength (L/A4).........cccooooeii e e ...43
Figufe 29 — Interpolation of the simulated 3 dB cut off wavelength (L/Aq)........xJ... ...43
Figufe 30 — 3 dB cut-off frequency length product as a function of the dielectric

permittivity of the inner circuit (cable) ... T ... 44
Figufe 31 — Measurement result of the normalised voltage drop of a_single braid

scre¢n on a solid PE dielectric in the triaxial set-up ... LT ...45
Figufe 32 — Measurement result of the normalised voltage drop(of a single braid

scre¢n on a foam PE dielectric in the triaxial set-up.............o0l/ i ...46
Figufe 33 — Triaxial set-up (measuring tube), double shortircuited method .....................] ... 47
Figufe 34 — Simulation of the frequency response for g of a cable having solid PE

diel€Ctric (8r1=2,3) oo S ...48
Figufre 35 — Simulation of the frequency responsefor g of a cable having foamed PE

IElECHIIC (£ =1,0) uuniiiiiiii i Py ... 48
Figufre 36 — Simulation of the frequency response for g of a cable having foamed PE

I lECErIC (811 =1,3) s ...49
Figufe 37 — Simulation of the frequency response for g of a cable having PVC

dIiel€Ctric (£p4=5) uvvrriiiiiiiiii S0 ...49
Figufe 38 — Interpolation of the'simulated 3 dB cut off wavelength (L/Aq)........................... ...50
Figufe 39 — 3 dB cut-off frequency length product as a function of the dielectric

pernittivity of the inner Circuit (Cable) ... ..o ...51
Figufe 40 — Simulation_of the frequency response for g........ccoovviiiiiiii i, ...52
Figufe 41 — Interpolation of the simulated 3 dB cut off wavelength (L/Aq).......................... ...53
Figufte 42 — 3-dB cut-off frequency length product as a function of the dielectric

pernfittivity af-the inner circuit (cable) ..., ...53
Figufe 43+ Definition of transfer impedancCe ... ...55
Figure44—Definiion-of-eouplingadmittarcr—mmmmmmmmm—m—m—m—m—m—m—m—m—m—m————————— . 55
Figure 45 — Triaxial measuring set-up for screening attenuation ....................cocoiiiin. 56
Figure 46 — Equivalent circuit of the triaxial measuring set-up...........ccoooviiiiiiiiiiee e, 56
Figure 47 — Calculated voltage ratio for a typical braided cable screen ...........c...ccooooiiiiins 58
Figure 48 — Calculated periodic functions for g4 = 2,3 and g2 = 1,1 ... 59
Figure 49 — Calculated voltage ratio-typical braided cable screen...........cooooiiiiiiiiiiiiin s 59
Figure 50 — Equivalent circuit for an electrical short part of the length A/ and negligible

Lor=Y o F= Yo7 1 A7 =T oo 10T o 11 T RS 61
Figure 51 — ag of single braid screen, cable type RG 58, L =2 m................ 63
Figure 52 — ag of single braid screen, cable type RG 58, L=0,5m.................................... 64

Figure 53 — ag of cable type HF 75 0,7/4,8 2YCY (solid PE dielectric)................................... 64


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

TS 62153-4-1 © IEC:2014(E) -5-

Figure 54 — ag of cable type HF 75 1,0/4,8 02YCY (foam PE dielectric) ................................ 65
Figure 55 — ag of double braid screen, cable type RG 223 ... 65
Figure 56 — Schematic for the measurement of the screening attenuation ag ........................ 67
Figure 57 — Short circuit between tube and cable screen of the CUT ..........cooiiiiiiiiiiiinnnns 67
Figure 58 — Triaxial set-up, impedance mismatches ... 68
Figure 59 — Calculated voltage ratio including multiple reflections caused by the

Lo £=T=Y oY1 T o= T - N 69
Figure 60 — Calculated voltage ratio including multiple reflections caused by the

screening case ...69
Figufe 61 — Attenuation and return loss of a self-made 50 Q to 5 Q impedance

Matghing AdaPler ..o e Y e ... 70
Figufe 62 — equivalent circuit of a load resistance connected to a source ............h..«........ ... 71
Figufe 63 — Cross-sectional sketch of a typical feed-through configuration .......V5.............. ... 72
Figufre 64 — Cross-sectional sketch of the test fixture with a feed-through, connector (a)

and EMI gasket (b) under test.......coooiiiiiiii e L ... 73
Figufe 65 — Equivalent circuit of the test fixture ...........cooooiiiiiiii G, ... 74
Figulfe 66 —TWO-POIt NEIWOTK .. ... et e e et e e e e e e e aeens ... 74
Figufe 67 — TDR measurement of the text-fixture with insertedTeflon-through” sample...|...76
Figure 68 — TDR step response from A (Input)-port of test fixture with inserted “Teflon-
throggh” sample. ... S .77
Figufe 69 — TDR step response from B (Output)-port) of test fixture with inserted
Teflon-through” SamMPIE ... e et e e e e e eana .77
Figufe 70 — S-parameter measurement (linear.sweep): “Teflon-through” sample................ ...78
Figufe 71 — S-parameter measurement (logarithmic sweep): “Teflon-through” sample ....... ...78
Figufe 72 — S parameter 1St SetUP . ...t i ...79
Figule 73 — TDR teSt SO UD couiniii e e e e e e ans ...79
Figufe 74 — Test fixture assembled ... ... ... 79
Figufe 75 — Detailed views of'the contact area the test fixture and the secondary side

Of SIHE OPENEA . T e ...80
Figufe 76 — Spq measurements ... ...80
Figufe 77 — So4 measurements of “Teflon-through” and “Sonnenscheibe” feed-through....J... 81
Figute 78 — Transfer impedance ZT of a “Sonnenscheibe” feed-through based on the

Soq measurement in Figure 77 ... ... 81
Figufe 79.=-measurements of a conducting plastic gasket...........c..ooiiiiii ...82
Figufe8Q= ZT of the conducting plastic gasket based on the So4 measurement in

Figure 79 ..82
Figure 81 — equivalent circuit of the set-up without DUT ... 82
Figure 82 — equivalent circuit of the set-up with inserted DUT ... 83
Figure 83 — Definition Of ZT ... 84
Figure 84 — Calculated coupling transfer function............ccocooiiiiii e, 85
Figure 85 — Principle test set-up for measuring the screening attenuation of a

connector with the tube in tube procedure. ... ..o 86
Figure 86 — Principle test set-up for measuring the coupling attenuation of screened

balanced or MUItIPIN CONNECIOIS ... . o e 87
Figure 87 — Principle preparation of balanced or multiconductor connectors for

LoZo 1] o] 1T o JiE= 14 L= U = 14 Lo o TN 87


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

-6- TS 62153-4-1 © IEC:2014(E)

Figure 88 — Comparison of simulation and measurement, linear frequency scale .................. 88
Figure 89 — Comparison of simulation and measurement, logarithmic frequency scale.......... 89
Figure 90 — Measurement of the coupling attenuation of a CAT6 connector .......................... 89
Figure 91 — Contact resistances of the test set-up ... 90
Figure 92 — Equivalent circuit of the test set-up with contact resistances .............................. 90
Table 1 — The coupling transfer function T (coupling function)® ............ccccoiiiiiiiiiiiiiee, 18
Table 2 — Screening effectiveness of cable test methods for surface transfer

imperdance ZT .................................................................................................................... ...34
Table 3 — Load conditions of the different set-ups ... N ...38
Table 4 — Parameters of the different set-ups .........oooiiiii i) ...40
Tablg 5 — Cut-off frequency length product ... B, ...44
Table 6 — Typical values for the factor v, for an inner tube diameter of 40 mmyand a
gengrator output impedance of 50 Q... N ... 47
Tablg 7 — Cut-off frequency length product ... ...50
Table 8 — Material combinations and the factor n ... T ...52
Table 9 — Cut-off frequency length product ..o N e ...53
Tablge 10 — Cut-off frequency length product for some typical cables in the different set-

LU 1= O P ...54
Table 11 — Aa in dB for typical cable dielecCtrics ...... .l ...63
Table 12 — Comparison of results of some coaxialhgables ............ccooiiiiiiiiiiiii) ...66

Table 13 — Cable parameters used for simulation .............ccoooiiiiiiii e ...88



https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

TS 62153-4-1 © IEC:2014(E) -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-1: Electromagnetic compatibility (EMC) —
Introduction to electromagnetic screening measurements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization-eomp
all national electrotechnical committees (IEC National Committees). The object of IECjis"to pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
th|s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’ Teferred to as
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC Natipnall Committee inte
in| the subject dealt with may participate in this preparatory work. International, K governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates |
with the International Organization for Standardization (ISO) in accordance_with conditions determin
adreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express; ‘as/nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical‘¢ommittee has representation frg
inferested IEC National Committees.

3) IE[C Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content d
Pdblications is accurate, IEC cannot be held responsiblg)for the way in which they are used or fo
m|sinterpretation by any end user.

4) In|order to promote international uniformity, IEC Nationmal Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any diver
bgtween any IEC Publication and the corresponding-national or regional publication shall be clearly indica|
the latter.

5) IEC itself does not provide any attestation_©f; conformity. Independent certification bodies provide conf
agsessment services and, in some areass;.access to IEC marks of conformity. IEC is not responsible fd
sgrvices carried out by independent certification bodies.
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7) No¢ liability shall attach to IEC-erits directors, employees, servants or agents including individual experfs and

members of its technical committees and IEC National Committees for any personal injury, property damg
other damage of any nature .whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out ofithe publication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

8) Aftention is drawn _to-the Normative references cited in this publication. Use of the referenced publicati
inflispensable for-the correct application of this publication.

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

ge or
) and
r IEC

bns is
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The |main” task of IEC technical committees is to prepare International Standardg.
. ) ar i ) - L )

specification when

» the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide

whether they can be transformed into International Standards.

IEC/TS 62153-4-1, which is a technical specification, has been prepared by IEC tech

nical

committee 46: Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive

components and accessories.
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This first edition of technical specification IEC/TS 62153-4-1 cancels and replaces the second
edition of the technical report IEC/TR 62153-4-1 published in 2010. This edition constitutes a
technical revision. This edition includes the following significant technical changes with
respect to IEC/TR 62153-4-1:

a) comparison of the frequency response of different triaxial test set-ups to measure the
transfer impedance of cable screens;
b) background of the shielded screening attenuation test method (IEC 62153-4-4);

c) background of the shielded screening attenuation test method for measuring the screening
effectiveness of feed-throughs and electromagnetic gaskets (IEC 62153-4-10);

d) cKground of the shielded screening attenuation test method for measuring the screaning
fectiveness of RF connectors and assemblies (IEC 62153-4-7).

The fext of this technical specification is based on the following documents:

Enquiry draft Report on voting
46/465/DTS 46/492/RVC

Full [nformation on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This|publication has been drafted in accordance with the ISONEC Directives, Part 2.

A list of all parts of the IEC 62153 series, under the)'general title: Metallic communication
cabl¢ test methods, can be found on the IEC website.

The [committee has decided that the contents,of this publication will remain unchanged|until
the s$tability 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

—

ansformed into an International standard,

—

econfirmed,

e withdrawn,

°
-

bplaced by a revised edition, or

e gmended.

A billngual version of this publication may be issued at a later date.

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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METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-1: Electromagnetic compatibility (EMC) —
Introduction to electromagnetic (EMC) screening measurements

1 Scope

This|part of IEC 62153 deals with screening measurements. Screening (or shielding)tis| one
basi¢ way of achieving electromagnetic compatibility (EMC). However, a confusipgly large
number of methods and concepts is available to test for the screening quality off¢ables and
related components, and for defining their quality. This technical specification'gives a |brief
introfuction to basic concepts and terms trying to reveal the common features of apparently
diffefent test methods. It is intended to assist in correct interpretation of testydata, and in the
bettdgr understanding of screening (or shielding) and related specifications.and standards.

2 Normative references

The following documents, in whole or in part, are normatively feferenced in this documen{ and
are indispensable for its application. For dated references, only the edition cited applies| For
undgted references, the Ilatest edition of the referenced document (including [ any
amehdments) applies.

IEC 160096-1:1986, Radio-frequency cables — (Rart 1: General requirements and measliring
metHods

IEC 60096-4-1, Radio-frequency cables = Part 4: Specification for superscreened cables —
Sectfon 1: General requirements and test methods'

IEC 60169-1-3, Radio-frequency connectors - Part 1: General requirements and measliring
methods - Section Three: Electri¢al tests and measuring procedures: Screening effectiveness

IEC Bb1196-1:2005, Coaxial ‘communication cables - Part 1. Generic specification - General,
definitions and requirements

IEC |61726, Cable \assemblies, cables, connectors and passive microwave componehts -
Scregning attenfiation measurement by the reverberation chamber method

IEC |62158-4-2, Metallic communication cable test methods - Part 4-2: Electromagnetic
compatibility (EMC) - Screening and coupling attenuation - Injection clamp method

IEC 62153-4-3, Metallic communication cable test methods - Part 4-3: Electromagnetic
compatibility (EMC) - Surface transfer impedance - Triaxial method

IEC 62153-4-4, Metallic communication cable test methods - Part 4-4: Electromagnetic
compatibility (EMC) - Shielded screening attenuation, test method for measuring of the
screening attenuation as up to and above 3 GHz

IEC 62153-4-5, Metallic communication cables test methods - Part 4-5: Electromagnetic
compatibility (EMC) - Coupling or screening attenuation - Absorbing clamp method

1 This publication has been withdrawn.
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IEC 62153-4-6, Metallic communication cable test methods - Part 4-6: Electromagnetic
compatibility (EMC) - Surface transfer impedance - Line injection method

IEC 62153-4-7, Metallic communication cable test methods - Part 4-7: Electromagnetic
compatibility (EMC) - Test method for measuring the transfer impedance and the screening -
or the coupling attenuation - Tube in tube method

IEC 62153-4-10, Metallic communication cable test methods - Part 4-10: Electromagnetic
compatibility (EMC) - Shielded screening attenuation test method for measuring the screening
effectiveness of feed-throughs and electromagnetic gaskets double coaxial method

IEC/TR 62152:2009, Transmission properties of cascaded two-ports or quadripe
BacKground of terms and definitions

EN 50289-1-6: 2002, Communication cables — Specifications for test methoeds Part
Elecirical test methods — Electromagnetic performance

CISRR 25, Vehicles, boats and internal combustion engines 4, Radio disturb
characteristics — Limits and methods of measurement for the protection‘of on-board recei

3 $ymbols interpretation

This|clause gives the interpretation of the symbols used throughout this specification.

aq, Qo

sn

attenuation constants of primary and secondary circuit

screening attenuation

normalized screening attenuation with phase velocity difference not greater
10 % and 150 Q characteristic impedance of the injection line

(Z5=150 Q and |Av/vy [=10 % \0r g4/ 600=1,21)

velocity of light in free space

C, =3 x 108 m/s

through capacitance of the braided cable
cable or component under test

e.m.f.

frequeficy

far-end

cut-off frequency

1-6:

ance
ers

than

farend cut-off frequency
near end cut-off frequency

the total flux of the magnetic field induced by the disturbing current /,
the direct leaking magnetic flux

complete magnetic flux in the braid

current and voltage in the primary circuit (feeding system)

current coupled by the feed through capacitance to the secondary system (measuring

system)
relative permittivity of the injection line (feeding system)

relative permittivity of the cable (measuring system)
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L cable length, coupling length

Ly (external) inductance of the outer circuit

L, (external) inductance of the inner circuit

M’,»  mutual inductance related to direct leakage of the magnetic flux @7,

M ”;,  mutual inductance related to the magnetic flux @ 74, (or 2 @ ”;,) in the braid
Mo = 4771]21 and wmy, :%%

M+ effective mutual inductance per unit length for braided screens
MT=M’12—M”12 )
where M 4, relates to the direct leakage of the magnetic flux and M , relates.to the
magnetic flux in the braid [24]

n near end

P, sending power

Po¢ far end measured power

P, near end measured power

P, radiated power in the environment of the cable, which isJcomparable to P,,+Py; g
the absorbing clamp method of 12.4 of IEC 6119644:1995

Py radiated power in the normalised environmentof the cable under test
(Z5=150 Q and |Av/vy [=10 % or &4/65,=1,29)

R load resistance of secondary circuit (input resistance of receiver)

Rt screen resistance per unit length

T coupling transfer function

Ts far end transfer function

T, near end transfer function

u’, the disturbing voltage.induced by @',

U’ the disturbing veoltage induced by %2 @ ”,, of the right hand lay contribution

U’ the disturbing yoltage induced by 72 @ 74, of the left hand lay contribution

u”, is equal to U 7, and U 7, (= the disturbing voltage induced by 2 @”,,)

% phasevelocity

2 phase velocity of the "primary" system (feeding system)

Vo phase velocity of the "secondary" system (measuring system)

Vi retative-phase-vetocity-of-the—"primary-system—{feeding-systerm)

Vo relative phase velocity of the "secondary" system (measuring system)

Z, characteristic impedance of the "primary" system (feeding system or line (1))

Z, characteristic impedance of the cable under test (CUT) (measuring system or line
(2))

Zys terminating impedance of the line (1) in the far end

Zon terminating impedance of the line (2) in the near end

Zos terminating impedance of the line (2) in the far end (in a matched set-up

Z1f = Z1 and Zzn = sz = Zz)

Z,= '\/Zl Z,

—h
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surface impedance of the braided cable

capacitive coupling impedance per unit length

capacitive coupling impedance

surface transfer impedance per unit length

transfer impedance of a tubular homogeneous screen per unit length
surface transfer impedance

effective transfer impedance (= | Zg + Z1 |) per unit length in the near end
effective transfer impedance (= | Zg — Z |) per unit length in the far end

far end
effective transfer impedance (= max | Zyg,,, Z7g¢ ) per unit length
effective transfer impedance (= max | Z; = Z; |)

normalized effective transfer impedance of a cable

Electromagnetic phenomena

assumed that if an electromagnetic field is incident 6n a screened cable, there is
coupling between the external field and that inside, and that the cable diameter is
| compared with both the cable length and the“wavelength of the incident field.
rposition of the external incident field and the field scattered by the cable yields the

elecfromagnetic field (Et,lflt) in Figure 1. The total field at the screen's surface ma

f effective transfer impedance (= | Zg = Z1 |) per unit length in the near end or inythe

(Zy =150 Q and | vy — vy |/ v5 <10 % velocity difference in relation to velocity of CUT

only
very
The
total

y be

conslidered as the source of the coupling: electric field penetrates through aperturep by
electric or capacitive coupling; also magnetic' fields penetrate through apertures by indugtive
or magnetic coupling. In addition, the induced current in the screen results in conductiye or
resistive coupling.
,!' Key
(E‘i,Fli) incident electromagnetjc
field
(ES,FIS) scattered electromagnetic
field
(},Flt) total electromagnetic field
X positive axial cable direction
o induced surface charge
density- (C/m?)
ii unit vector normal to the
IEC 3105/13 surface
o & permittivity, free space and
relative

Figure 1 — Total electromagnetic field (Et,ﬁt)
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(qt’lrlt):(qi’lrli)"'(qs’ljls) (1)
J=n-H, )
o=n-Eeg,e, (3)

where the symbols are described in the keyv of Figure 1

As the field at the surface of the screen is directly related to density of surface currenf and
surfgce charge, the coupling may be assigned either to the total field (Et,Flt) or to th'e sufface

currgnt- and charge- densities (J and o). Consequently, the coupling into the,cable may be
simulated by reproducing, through any suitable means, the surface currentsyand chargegs on
the gcreen. Because the cable diameter is assumed to be small, the higher modes mgy be
neglécted and it is possible to use an additional coaxial conductor as‘the injection strugture,
as shown in Figure 2.

L
-
D1
IEC 3106/13
Key (for Figures 2,3,4,5)
1), (3) outer circuit (1)) tube, respectively inner circuit (2), cable
Z1’2 characteristic/impedance of the outer circuit (1), tube, respectively inner circuit (2), cable
£ dielectricepermittivity of the outer circuit (1), tube, respectively inner circuit (2), cable
ﬁ1’2 phase‘constant of the outer circuit (1), tube, respectively inner circuit (2), cable
40 wave length of the outer circuit (1), tube, respectively inner circuit (2), cable
L coupling length
D, diameter of njection cylinder-tube
\ voltmeter
A ammeter
Zi Zis load resistance at the near end, respectively far end of the outer circuit (1), tube
Z,., Zy load resistance at the near end, respectively far end of the inner circuit (2), cable
E, EMF of the generator
I, 1, current in the outer circuit (1), tube, respectively inner circuit (2), cable
Ui Uss voltage at the near end, respectively far end of the outer circuit (1), tube
Uy Uy voltage at the near end, respectively far end of the inner circuit (2), cable

Figure 2 — Defining and measuring screening parameters — A triaxial set-up
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Figure 2 shows the concept of a triaxial set-up. The outer circuit (1) is formed by an injection
cylinder-tube and the screen under test, with an characteristic impedance Z,. The inner circuit
(2) is formed by the screen under test, and centre conductor, with an characteristic
impedance Z,. The screening at the ends of circuit (2) is not shown. Observe the conditions
Z45, Zon, Zos and A in Figure 3 and Figure 4. Also note that diameter of the injection cylinder
tube (D1) shall be much smaller than the coupling length (L).

5 The intrinsic screening parameters of short cables

5.1 General

The lintrinsic parameters refer to an infinitesimal length of cable, like the inductande or
capdcitance per unit length of transmission lines. Assuming electrically short cables,|with
L <<]4 which will always apply at low frequencies, the intrinsic screening parametery are
defined and can be measured as indicated in the subclauses 5.2 and 5.3.

5.2 | Surface transfer impedance, Z;

As spown in Figure 3, where Z; and Z,; are zero, the surface transferimpedance (Z in {2/m)
is giyen:

Z; = /Llj_z”L (4)
where
Z1 | is the transfer impedance, U,/ is the voltage at the near end of|the
inner circuit (2),
L is the coupling length I is the current in the outer circuit (1)

The |dependence of Z; on frequency is_not simple and is often shown by plotting log Z¢
agaipst log frequency. Note that the .phase of Z; may have any value, depending on braid
consftruction and frequency range.

NOTH In circuit (2) of Figure 3, the voltmeter and short circuit may also be interchanged.
5.3 | Capacitive coupling‘admittance, Y

As shown in Figure 4,-Where Z; and Z,; are open circuit, the capacitive coupling admittance
(Yc in S/m) is givenby:

Y.=jwC; = 5
c T U L )
where
Yc IS the coupling admittance Ct is the through capacitance;
w is the radian frequency; j is the imaginary operator
L is the coupling length Iy is the current in the inner circuit (2).

The through capacitance Ct is a real capacitance and has usually a constant value up to
1 GHz and higher (with aperture a << 1).

While Z; is independent of the characteristics of the coaxial circuits (1) and (2), C; is
dependent on those characteristics. There are two ways of overcoming this dependence:

a) The normalized through elastance K (with units of m/F) derived from C; is independent
of the size of the outer coaxial circuit (2), but it depends on its permittivity:
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K, =C,I(C,-C,) (6)

KT ~1/(8r] +€r2)

where C, and C, are the capacitance per unit length of the two coaxial circuits.

(7)

b) The capacitive coupling impedance Zg (with units of Q/m) again derived from C; is also

independent of the size of the outer coaxial circuit (2) and, for practical values of ¢4, is
only slightly dependent on its permittivity:

Z-=2Z,Y; =ZZ,JoCy 8)

Z: ~ (grl 'grz)/(grl + 5r2) 9)
ComFared with Z¢, Zg is usually negligible, except for open weave braids. Itmyay, howevefr, be
significant when Z,, and Z,; >> Z, (audio circuits).

Injection cylinder-tube

E,
circuit (1
Uy, M
Z1f= 0
li shield Ky
=1
—_
~—
circuit (2) U -
oy T
Zon =X Centre‘conductor
L=< 4 IEC 3107/13
Key
See Higure 2.
Figure'3 — Equivalent circuit for the testing of Z;
Injection cylinder-tube
+
E, C) circuit (1)
U1n —
[] Zyg= o0
Shield with apertures
circuit (2)
A) 7 =0 _ C;-L
2n Zy=0
I
Centre conductor Yo L=joCr-L
L<< A IEC 3108/13
Key
See Figure 2.

Figure 4 — Equivalent circuit for the testing of Y, = j oCt
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Key
See H

NOTH
recei

5.4

A cd
becq

injection circuit (2) becomes two-wire with the returi\via the screen of the cable under
Obvipusly the charge and current distribution ;sbécome non-uniform, but the results

equi
othe
wire.

5.5

AssU
inter

conductors of the two-line circuit can be interchanged, but in practice the set-up will ha

take

5.6

Whe
Zg W
the n

+
E, Ui, U, (x) Z,, B, Uy Z, circuit (1)
Zy
[ T X
c, 1 (%)
Z Uy, 5 , () 2,5, Uy Z, circuit (2)
| x
= T
U, ~rnnn L: arbitrary AN

IEC 3109/13

igure 2.

Zy and Cq are distributed (not correctly shown here). The loads Z,, Z, at the endsvmay represent mg
ers.

Figure 5 — Electrical quantities in a set-up that is matched at both ends

Injecting with arbitrary cross-sections

axial outer circuit (2) has been assumed so far incthis report, but it is not essq
use of the invariance of Z; and Zg. Using a wite in place of the outer cylinder

alent to coaxial injection, especially if twoyinjection lines are used opposite to
, and may be justified for worst-case testing. Note that the IEC line injection test us

Reciprocity and symmetry

ming linear shield materialsithe measured Z; and Zg values will not change
changing the injection .circuit (1) and the measuring circuit (2). Each of the

into account possible-ground loops and coupling to the environment.
Arbitrary load\conditions
h the circuittends of Figure 3 and Figure 4 are not ideally a short or open circuit, Zy

hatched.eircuit (1) and circuit (2) (see Figure 5 and Table 1).

4(E)

tched

ntial
the
test.
are
cach
es a

vhen
two
e to

and

ill act simultaneously. Their superposition is noticeable in the low frequency coupling of

6

| bles led issionli

The coupling over the whole length of the cable is obtained by summing up (integrating) the
infinitesimal coupling contributions along the cable while observing the correct phase. The
analysis utilizes the following assumptions and conventions:

— matched circuits considered with the voltage waves U,, U,,,, U,s, see Figure 5,

— representation of the coupling, using the normalized wave amplitudes U/\/E[\/Watt],

instead of voltage waves. i.e. the coupling transfer function, in the following denoted by
"coupling function", will be defined as
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7_=Q2n/\/z—2 (10) T:ng/\/z—z
Uz, "ou iz,

(11)

The square of the coupling transfer function, |T|2, is the ratio of the power waves travelling in

circuits (2) and (1). Due to reciprocity and assuming linear screen (shield) materials,

T is

reciprocal, i.e. invariant with respect to the interchange of injection and measuring circuits (1)

and (2). The quantity |1/T|2 or in logarithmic quantities

a, = —20%10g,,[T|

may [be considered as the "screening attenuation” of the cable, specific to the set-up,

12)

Performing the straight forward calculations of coupled transmission line theory, the coupling
funcfion T, given in Table 1, is obtained. The term S{L-f} is the "summing-finction" S, Reing

depgndent on L and f. (The wavy bracket just indicates that the product L-f is the argu
of the function S and not a factor to S). S represents the phase effect,)when summing u
infinijtesimal couplings along the line, and is:

ment
b the

sin’BLi BL

_ 2 _i PER
S iL-f}= e exp(J 2) 13)

2

BL+=(B, + )L 14)
BLE=(B %) L 15)
BLE=2nLf-(1/v,+1/v,) 16)
BL+=2mLf-(Je, +\e, )/c 17)

subsjcript  + refers to near/far end respectively; i.e. + indicates the near end and - indigates

the far end;
+ refers\te both near/far ends.

Note| that weak{coupling, i.e. T << 1, has been assumed. This case, including losses, is ¢
in [1]2.

iven

Equation’(18) and the representation in Table 1 illustrate the contributions of the different
parameters to the coupling function T:
1 L
T:Z iZ T _S L'fyg €
n ( F T) Zl '22 2 :{ rl r2} (18)

2 Figures in square brackets refer to the bibliography.
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Table 1 — The coupling transfer function T (coupling function)?

Set-up parameters °

(21),L,g,1

N

1"%r2
? A Z1 ‘Z’Z 2 ' '
\ / \ /
""" \/7TTTTTT \/
Intrinsic Cable parameters e
screen parameters (Zz’L)’ Erp
\ / \ /
\/ \/
"Low-frequency coupling", "HF-effect",
short cables © cut-off  (L-f) \.

\/

Length +frequency effect

a T2 is the power coupling from circuit (1)to’circuit (2).

operation.

b &4 and ¢, contained in 8-as parameters.

¢ forL<< A, S{Lf}—>1

The stacked subscripts 'f‘ are assdCiated to the stacked operation symbols + in

the obvious way: upper subscript — upper operation, lower subscript — lower

Notel especially the following-points.

a) There may be adirectional effect (T,, = T;) in the whole frequency range if Zg ig not
negligible. (But Zg-is usually negligible except with loose, single braid shields.)
b) Up to a constant factor, T is the quantity directly measured in a set-up.
c) Hor low frequencies, i.e. for short cables (L << 1), the trivial coupling formula is obtgined
that is-directly proportional to L:
1 L
I =(Z+Z) .- 19)
) Z, 2
where
Z12 =421 23
d) The summing function S{L-f} is presented in Figure 6.
e) S{L-f} has a sin(x)/x behaviour. A cut-off point may be defined as (L~f)c:
c
(20)

e

EIEN

f) The exact envelope of S{L-f} is
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1
Env|S,{L-f}|=
f (21)
The first minimum (zero) of S{L-f} occurs at
(L -y = (L), (22)
As seen from Equations (13) and (21), below the cut-off points (L-f)Cn is SiL-f{ = 1 and
f
gbove them it starts to oscillate and its envelope drops asymptotically 20 dB/decade,
(L1 »
Env|S,{L -f}|~x~—2"
f (L ’ f)

equency f, and vice versa, for a fixed frequency a cut-off length L, may be def
ubstituting ¢/1, for f, we obtain the cut-off length as
A

— (0]
LCn =T T
¢ n‘\/ & T4/ 8y

Tlhe effect of S in the frequency range (L. % constant) is illustrated in Figure 8.
coupling function is proportional to Z¢, only, if f < f.. Note also the typical values indig
f
1

(N =h(n

br 1.

he minima and maxima of S are nofiresonances, they are due to cancelling and adq
gfffects of the coupling along the line:

he far end cut-off frequency<is significantly influenced by the permittivity of the
ystem (s4). Selecting &4 'z, we obtain (L-f)y — o, i.e. no cut-off at the far end.

b practical aspects (tolérances, homogeneity, etc.), an ideal phase matching(gm = g
ot feasible.

he effects of Z; and Zg on the coupling transfer functions T,, and T; are shown in
igure 8.

he total effect of L on the coupling is not contained in S alone, but in the prg
-S{L-f}. Fhe product L-S is presented in Figure 12 for f = constant. The cou

nction T which can be measured in a set-up is proportional to L if L < L,. Howeve

- o~ M- > = »n o

is symmetrical in L and f, i.e. L and f are interchangeable. For a fixed length a cut-off

ned.

24)

The
ated

itive
buter

Due

b) is

duct
pling
r, for
1 we

ppfopriately long cables (L > L;), the maximum coupling is independent of L an

t we

should remember that (L~f)C as well as Ag are still dependent on the set-up parameters

(er1.,24).
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(LDeh

n,f

NOTH S > S, above near end cut-off, yielding a directive effect.

S
Log scale
1 —
D
S, S
(L) LD pnn (LF)g 10910,(£ 1 )er

IEC 3110/13

Key

cut-off point at near (n) respectively far (f) end

summing function at the (n) respectively far (f) end

Figure 6 — The summing function S{L-f} for near and far end coupling

A

log,, ‘ZT‘

(slope is 20 dB per decade)

| -

i -

f, f log,, (f)
IEC 3111/13

Key
10g4lZ

log4()

magnitude of the transfer impedance drawn on a logarithmic scale
frequency drawn on a logarithmic scale

frequency of the intersection of the DC resistance of the screen and the 20dB slope at higher
frequencies

Figure 7 — Transfer impedance of a typical single braid screen

Figure 8 gives the result of adding (on a log scale) the frequency responses from Figure 6 and
Figure 7. It is assumed the cable has a negligible capacitive coupling impedance Zg (Zg<<Z7).
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A og,, 7]

Env (Ty)
I
Env (T,)
T W

| | -
\ 1 | e

ﬁ fcn fcf IOg10 (f)
IEG’ 3112/13
Key
Tot coupling transfer function at the (n) respectively far (f) end
Env(T], ;) envelope of the coupling transfer function at the (n) respectively far (fy end
f cut-off frequency at the (n) respectively far (f) end

Example: ¢, = 1 (set-up), ¢, = 2,2 (cable), L = 1 m; results in f_ = 40 MKz; =200 MHz

Figure 8 — The effect of the summing{function on the coupling
transfer function of a typical single braid screen cable

-40 I | | |
T[dB]
60 _
80|~ -
TnztdBk
| | | |
110°  1-10° 110" 110 1109 “ 110
fi f[HZ]
IEC 3113/13

In calculations the following parameters are used:

Z1 (d.c.) =15 mQ/m and Z (10 MHz) = 20 mQ/m increasing 20 dB/decade (see Figure 7), cable length 1 m, and
velocities of the outer and inner line: v4 = 200 Mm/s and v, = 280 Mm/s corresponding to a velocity difference of
40 %.

Figure 9 — Calculated coupling transfer functions
T, and T;for a single braid - Z =0
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-40 I
T[dB]
TtztdBk
60 TtdBK -
Tn
TndBk\
ook / N -
ThztdBk
1 | ! |
110°  1-10° 110" 110P 1109‘} “ 1.10"
fi f[Hz]
1EC 3114/13

3,5 dB higher and T; is 6 dB lower than in reference Figure 9 because
ZF+ZT | =1,5xZTand
. —Zr | =05 xZ;

Figure 10 — Calculated coupling transfer functions T,, and T; for a single braid —
Im(Z5) is positive and Zg = +0,5 x\Im(Z1) at high frequencies
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T;is 3,5 dB higher and T_is 6 dB lower than in reference Figure 9 because

T ~Ze -2 1=15x |2, | and

T ~|z-+2z,1=05x 1z |

Fighre 11 — Calculated coupling transfer functions T, and T; for a single braid — |
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-40 I
T [dB]
Ts
TidBk
TiztdBk
60— ]
ThztdBk
e/l |
-80|— I'n ]
| | | |
1.10° 1.10° 1.107 1.1p8 n-10° ||| 1.10"°
fi f[Hz]

IEC 3115/13

is negative and Z = -0,5 x Im(Z;) at high frequencies

In Figure 9, Zg = 0 and Zt is positive:

In Fi

In Fi

The

jure 10 and Figure 11, Zg is significant ( Zg = (1/2) xZ7).

jure 11, the imaginary part of Z¢ is negative at high frequencies.

following notes\apply to Figure 9 to Figure 11.

NOTH 1 T, fornear-end, T, for far-end and dB means that T ; are calculated in dB (20 x log,, | T, ¢ |).

NOTH 2 7, dB: near-end when Z_=(1/2)xZ_ and T,

NOT

nzt dB: near-end when Z_ = 0.

z;)

S I, dB. Tar-ena wnen LF:U A)XLT ana 7, db. Tar-ena when 2= U.


https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

- 24 - TS 62153-4-1 © IEC:2014(E)

logy, |L- S|

Env(L-S,)

f = constant

?—\ Env(L-S,)
A\

| | -
! ! o

Len Let log,, (f)
IEC 3116/13

NOTH 1 For L > L, the maximum value of T is attained, i.e. the maximum coupling/(or the screening attenufation)
is not|dependent on L.

NOTH 2 L strongly depends on €.

NOTH 3 See also Table 1 and list item n)

Figure 12 — [ -S: the complete length dependent/factor in the coupling function T

7 Transfer impedance of a braided wire outer conductor or screen

Typi¢al transfer impedances of cables with braided wire screens are shown in Figure 13| The
constant Z; value at the low-frequency-end is equal to the DC resistance of the screen), the
20 dB per decade rise at the high-frequency end is due to the inductive coupling through the
scre¢n and the dip at the middle frequencies is caused by eddy currents or skin effect of the
braid. Some braided cables may behave anomalously having less than a 20 dB per defade
rise gt high frequencies. By(using an extrapolation of 20 dB per decade we are in most cases
on the conservative side. This extrapolation can be used up to several GHz.
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20 dB/dec.

A

| Zy]
Log scale /

sb

Key

sb: single braid

sbo:
sba:
db:

SS:

An e
arrar

It is
trang
of th

The

leaks
How

mag

The

N .

_—

logyo (£)

IEC BH7/13

e B

ypically 1....10 MHz

bingle braid optimized
bingle braid 'anomalous'
Houble braid

puperscreen

Figure 13 — Transfer impedance of typical cables

gement as in Figure 2.

nssumed that the outer circuit (1) is the disturbing one. As stated, a braided cable h
fer impedance Z; that increases proportionally to frequency at high frequencies, bec
b |leakage of the magnetic field through holes in the braid.

fotal flux of the'magnetic field induced by the disturbing current /; is @,. A part of it,

directly through the holes and includes a disturbing voltage U% in the inner ci
pver, a part-@”,, of @, flows in the braid and complicates the mechanism of the

netic leakage by the following additional phenomenon.

braiding wires alternate between the outer and inner layer. It means that the inner

lectrically short piece of braided c@axial cable (2) is considered to be placed in a trigxial

as a
ause

D5
rcuit.
total

and

oute

braid wires are likewise ingredients of hoth the inner (?2) and outer (1) circuit of F

gure

14.
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Flux lines
oooooooooooooooooooc‘o/
Iooooooooooo%oooooooool
1 100000000000000000000000000000000000000000
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Figure 14 — Magnetic coupling in the braid —
Complete flux
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Figure 15 — Magnetic coupling.in the braid —
Left-hand lay contribution

%o, )
mﬁ‘
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U"rh

IEC 3120/13

Figure 16 — Magnetic coupling in the braid —
Right-hand lay contribution

Thergfore it is necessary and unavoidable that @ ", is partly also in the inner circuit [(see
Figufe 14). Bath the left hand (Ih) (see Figure 15) and right hand (rh) lay (see Figure 16) of
the Braiding.wires bring into the inner circuit (2) an equal disturbing voltage U ”, inducdd by
@ 7,5 1 2( The voltages are in parallel:

U”I'h = U”lh = U”Z = 1/2ja)€Z7”12 (25)

This phenomenon is similar to the "magnetic part" of the coupling through a homogeneous
screen.

The two induced disturbing voltages oppose each other.
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is set to the value of 10 mQ/m.

N

Figure 19a — Overbraided cable

IEC 3123/13

Top tace: Injection step~current (100 mA/div)

Time
Ampli

Lowe

pbase: 50 ns/div

trace:_The-height of the spike corresponds to

| (3 MH2Z) = -4,7 x 12,5 mQ/m = -59 mQ/m;

4, (3"MHz) = +4 x 12,5 mQ/m = +50 mQ/m.

Figure 19b — Underbraided cable

fier gain: 30%dBs therefore Z; (time) = 12,5 mQ/m/div

IEC 3124/13

Figure 19 — Typical Z; (time) step response of an overbraided and underbraided
single braided outer conductor of a coaxial cable

Braid optimization is based on these important physical facts. Both leakage phenomena can
be described by mutual inductances:

!

12 =

&

jol,

(26)
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My = xS
2 jol,

(27)

Clearly it is possible to make braided-wire screens where either M’;, or M”,, are dominant or
where they cancel each other. Therefore, underbraided, overbraided or optimized braids may
be considered. Figure 17 shows measured transfer impedances in the complex plane of such
screens and the main transfer impedance components of a braided screen can be observed.
From the optimized case, it can be concluded that at low frequencies the braid behaves
approximately as a homogeneous tubular screen. The same can be concluded from Figure 18

wheife tThe transfer Impedance amplitudes are shown as a tunction of frequency, but Jr

cann

The
com

a)

A
g
t
d
:
.

By a
of a

and

ot be seen directly if the screen is underbraided or overbraided.

transfer impedance of a braided wire screen consists of the following\ three
ponents (mentioned above).

t low and medium frequencies, the tubular screen coupling behaviour (Z¢,,) varies
ddy currents and decreasing Zt. In [2] it is stated that a good approximation for Z;
Ibular homogeneous screen [3] with the thickness of one wire ‘diameter and the s
.C. resistance as the braid.

he mutual inductance M’ is related to direct leakage of theymagnetic flux ® .

dding these components, a good approximation is-@btained for the transfer impedand
braided wire screen:

Zy =L +joMip-Myy)

he first approximation of the equivalént circuit is shown in Figure 20a.
I Z1h My, M, Iy
| —| L °
1
Uzt Uy U Uz

Uy = Uppp + Uy - U
IEC 3125/13

Figure 20a — Contributions to the transfer impedance

Iy Li-Mip-M'yg) Zyy - Zyy,

he mutual inductance M”;, (negative) is related to thesmagnetic flux @7, in the braid.

bm it

main

with
is a
ame

e Zr

28)

L
U, I 4 o M- ye M Z Q)
1 L

Y 1

| S
Cr | C2 _l_ Ly-(Myp- M) Zop-Zpy @) T e

| S
l> IEC 3126/13

Figure 20b - Significant elements of circuits (1) and (2)

Figure 20 — Z; equivalent circuits of a braided wire screen

A more complete equivalent circuit where the through capacitance C; and surface
impedances Zg of the braided cable are incorporated is shown in Figure 20b. L, and L, are
the (external) inductances of the outer and inner circuit.
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Many attempts have been made to calculate the transfer impedance of a braided coaxial
cable. Most of the literature ([2], [4], [5]) have concentrated on models of braided screens and
calculation of direct leakage of the magnetic field induced by /4, and of M’,,. Satisfactory
results have been achieved.

There exists very little literature ([6], [7]) on M 74, but the matter has been studied by experts
of standardization bodies. Especially the calculation and stability of M 7,5, have been shown to
be very problematic because of so many uncertain and unstable parameters, e.g. the
resistance of the crossover points of the wires, which have an effect on the magnetic field
distribution in the braid. Also the pressure of the jacket has an effect on the small space
between the right hand lay and left-hand lay of the braided wires. Not to mention the number
of wlre ends per carrier and the braid angle and the tightness and optical coverageof the
braid.

Aften understanding the magnetic coupling mechanisms, it is not surprising that\the transfer
impeldances of braided wire screens vary considerably and are unstable for many braid and
cabl¢ constructions whether or not they are optimized. It is also clear thaf @ perforated [tube
cannot be used as a model for a braided screen.

It is [clear that a loose highly optimized braid can have a very unstable Z; during bending,
twisting and/or pressing. An overbraided screen with a high _filling factor or optical dover
normally has a (pure) negative transfer impedance at high frequencies because of a large
M 74} coupling through the mutual "space" between the Jeft“and right lays of the brajd in
comparison with a small leakage through the braid M(j;. Pressure on the jacket would
imprpve the screening performance by diminishing the-mutual "space" and decrease the 4.

The manufacture of a good stable optimized cable requires the control of braid parameters
such| as:
— braid angle, tension (and lubricant) of the strands;
number of strand in a spindle;
Wire diameter;
— plating;
pressure of the jacket on-the braid in manufacturing.

8 Test possibilities

8.1 General

A number of test procedures are used to test cables for their screening properties, some of
which will<befound in IEC standards. Each procedure has benefits for some users which for
histgrical_reasons may not be widely appreciated. Table 2 summarizes the test procedures
avail|able, some of which will be discussed here, with special reference to their applicability to
cables, cable assemblies and conneciors.

8.2 Measuring the transfer impedance of coaxial cables

All tests listed in Table 2 can be used on coaxial cables, but if a single test is needed to cover
frequencies above and below 100 MHz, tests 1, 4, 7, 9 and 10 can be dismissed. Of the
others, those with 's' under 'grouping' (column 3) have better intrinsic isolation between
measuring and injection circuits, while in those with '0' under grouping the injection circuit is
unscreened. The difference is the line interchange referred to in 4.5 above. One benefit of an
unscreened injection line is that better access may be obtained for inspection of the cable
under test, which may be useful if the sample is in any way flawed. The two test methods with
unscreened injection lines are test 3 and test 8. The latter, with its wide frequency coverage is
recommended for future testing.
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8.3 Measuring the transfer impedance of cable assemblies

Even with a restricted frequency range, many of the tests listed in Table 2 are not suited to
tests on cable assemblies. Tests 1, 4, and 6 are unsuitable because an electrically short
sample may be needed to achieve the upper frequencies, while test 10 is still limited to
frequencies above 100 MHz. Tests with screened injection wires (test 2 and test5) are
difficult to set up due to the varying cross section of the assembly, a difficulty which also
applies to test 3. Such objections leave tests 7, 8 and 9. To set against its low (effective)
upper frequency limit, with test 7 it is easy to distinguish between connector and cable
contributions, so it is ideal in a diagnostic role. Test 9 works only above 30 MHz, which may
be restrictive. Test 8 will require several measurements on each sample, as it is unreasonable

to assume that o0 cahla cccamhiv, haco Alrallar oy matey,
STttt o CaoTear oS oTy oo Crroourar—o yritit Sty

It is |only fair to state that in any frequency domain test on cable assemblies whenhe sjgnal
phage is not recorded, a test is only valid if the sample length is not varied (tests carried out
on a|sample of one length cannot be used to assess a sample of another length — whet;E'er it
be lgnger or shorter). Of the transfer impedance tests being discussed, pnly test 7 cap be
used in this way.

Multf-conductor cable assemblies are more complex, because the 'core’ cannot be considered
to bg coaxial. A test for such cable assemblies has not yet been addressed.

8.4 | Measuring the transfer impedance of connectors

In principle, all the tests in Table 2 can be used on coaxial~connectors.

As with tests on cable assemblies, there is much, bénefit to be gained from using a test|with
an upscreened injection circuit, though other tests'will remain in the standard, because|they
haveg become accepted. If it is possible to distinguish the screening of a connector from| that
of thp attached cable, this will considerably gase the test procedure.

Multi-pin connectors are far more num@erous and varied than coaxial connectors. Howegver,
non-gircular connectors cannot be_tested by the means implied by the test procedurgs of
Table 2, though by suitable variation test 7 and test 10 would become appropriate. [This
problem is under study.

NOTH These methods give only an outline for measurement of symmetrical multicore cables, multipin conngctors
and cpble assemblies made with these components.

The pyoblems to be addrésseéd come from the fact that:

a) a connector is<electrically short, while the parameters of a cable are distributed, and it may be electfically

Ipng;

b) npulti-core 'cables rarely have circular symmetry. This applies both physically and to the signal paths orn their
cpnductors;

c) most mdlti-pin connectors have no circular symmetry; nor are they equally spaced from other conductors,

hieh’might couple to them;

d) economics will dictate that a cable assembly test should apply to other assemblies using the same
components, even though of differing overall length.

8.5 Calculated maximum screening level

It is important to know the exact theoretical limitation of the test equipment. By knowing the
limitations, it is possible to calculate the maximum measurable screening effectiveness. This
should be calculated to check the strengths and weaknesses of the test setup or even to
optimize the test setup.

The following test equipment specifications are required for the calculation:

e minimum input (noise floor);

e maximum input;
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o amplification/attenuation;

e maximum output.

Figure 21 gives a comparison of the different signal levels in a generic test setup. The
maximum screening is the difference between the maximum obtainable input signal to the
DUT and the minimum detectable signal from the DUT, in this case 131 dB. The noise floor
level (NL) of the measuring system must be low enough to allow the measurement. In this
case, lower than —-122 dBm. Measurements at the noise floor result in a maximum error of
3 dB. When measured 6 dB above the noise floor, the error is only about 1 dB.

The triaxi is divi in_tw A i actual
maximum screening.

Apalyzer splitter 50-75Q Triaxial Amplifier Ar_'nalyzer

output converter tube input +30dBm
+25dB )
S —— +20dBm
-6dB

: +9dB +10dBm
0dBm
\ '1OBm

Max.screening= 131dB

+3Ody -100dBm
lk{'zzclsm i

TEC 3127/13
Figure 21 — Comparison of signal levels in a generic test setup

Taking into consideration the noise level of 1 Hz bandwidth at room temperature being —
173 dBm, (increase 10 x log(bandwidth) dB) and adding the noise figure of the amplifier, we
get the theoretical noise level of the test setup. Assuming that the amplifier in the Figure 21
example has a noise figure of 11 dB, we can then calculate that the bandwidth (Af) of the
network analyzer shall be smaller than 10 kHz.

This can be expressed as a general formula:
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NL = (=173 + F +10 x log4q Af) (29)
where
NL is the noise floor level of receiving side of the measuring system in dBm;
F is the noise figure of the pre amplifier in dB;

Af is the bandwidth of the receiver in Hz.
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9 Comparison of the frequency response of different triaxial test set-ups to
measure the transfer impedance of cable screens

9.1 General

Different triaxial test set-ups for the measurement of the transfer impedance exist as
described in EN 50289-1-6 and the IEC 62153-4 series. All of them are based on the same
principle but are using different load conditions. In one method for example the cable under
test is matched, while in the other the cable is short circuited at the far end. Furthermore,
generator and receiver may be interchanged in the different set-ups. The following
invegiigation analyses the frequency response of the diiferent set-ups and their influende on
the qut-off frequency up to which the transfer impedance could be measured.

9.2 | Physical basics
9.2.1 Triaxial set-up
9.2.1.1 General

The friaxial set-up is of the “triple coaxial” form, see Figure 22 anpd-Figure 23. A short Igngth
of thp screen under test forms both, the inner conductor of the, outer system and at the dame
time |the outer conductor of the inner system. The coupling between the two coaxial sysiems
is cdused by the transfer impedance and the capacitive coupling admittance of the screen.
The matching circuit, load resistor and series resistor are(used to change the load conditions
of the set-up. Also the generator and receiver may_be interchanged between the diff¢rent
methods.

5 6
L
4 ; 8 .
I
YL SSSS LSS LSS S S S SIS, 7
Us ,nl"" \ *'un.L*'un.L*'un.L*'un.L*'m..("u.,,,,‘l "'i,?{
f\/ ] ] [ A =\
AV R i H ;:—1_1— U
T | | IE \ V”?’
3 ﬁ L
1 S S SS LSS AL LSS SSS LSS, A 2
IEC 3128413
Key
1 Signal generator 6 Cable screen
2 Calibrated receiver or network analyzer 7 Tube
3 Matching circuit 8 Terminating resistor
4 Cable under test 9 Series resistor
5 Cable sheath

Figure 22 — Triaxial set-up for the measurement of the transfer impedance Z;
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IEC 3129/13
Key
1 inner circuit, cable
2 outer circuit, tube
3 screen
Z1’2 characteristic impedance of the inner circuit, cable, respectively-outer circuit, tube
& 5 dielectric permittivity of the inner circuit, cable, respectivély outer circuit, tube
By 5 phase constant of the inner circuit, cable, respectively.outer circuit, tube
L coupling length
Z; transfer impedance
Y: capacitive coupling admittance
Rin load resistance at the near end of the_inner circuit, cable. Equal to the output impedance of the genergtor
respectively input impedance of the-receiver including an eventually used feeding resistor
Ry load resistance at the far end oflthe inner circuit, cable. Depending on the used method either equal tp
the characteristic impedance.6f the cable or a short circuit.
Rys load resistance at the far end of the outer circuit, tube. Equal to the output impedance of the generatqr
respectively input impedance of the receiver including an eventually used feeding resistor
Ug EMF of the generator
Uy voltage at the far.end of the outer circuit
Figure 23 — Equivalent circuit of the triaxial set-up
9.2.1.2 Load conditions of the different set-ups
EN 850289-1-6 is using a method, where the cable under test and the far end of the secondary

circuit are matched. The signal is fed to the cable under test and the disturbing voltage is
measured at the far end of the outer circuit. A simplified method is to neglect the matching
resistor at the far end of the outer circuit, which results in a higher dynamic range.

IEC 61196-1 describes two methods:

Method 1: Feeding through a resistance, where the signal is fed via a resistance into the outer
circuit and the disturbing voltage is measured at the far end of the cable under test.

Method 2: Direct feeding, where the signal power is fed directly into the outer circuit and the
disturbing voltage is measured at the far end of the cable under test.
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With the revision of IEC 61196-1, the standard IEC 62153-4-3 has been published which also
describes several methods:

Method A “Matched-Short” is equal to EN 50289-1-6.

Method B “Short-Short” is the double short circuited method, where the load resistance of the
cable is replaced by a short circuit, thus having two short circuits in the set-up. One is at the
near end of the outer circuit (between the cable screen and the tube) and the other is at the
far end of the cable. The advantage of this method is the simplification of the sample
preparatlon A short circuit is easier to make than to solder a reS|stor espeC|aIIy if the sample
is a mu ju ! a .
to the “matched- short method the dynamic range is improved by about 16 dB. In the ‘milked
on braid” method, an additional braid, the measuring braid, is pulled over the cable\sHeath
instead of using the measuring tube. The advantage is that the sample could befbent ynder
test,|however the preparation is more laborious than with the measuring tube.

The |oad conditions of the different methods are given in Table 3. The impedance of the ¢uter
circuit, Z, is varying with the diameter of the screen under test. Using the. ' measuring tube Z,
is in general higher, and in the “milked on braid” method Z, is lower, than'the input impedpnce
of the receiver.

Table 3 — Load conditions of the different’'set-ups

Method Generator | Receiver ‘ R,./Z, | R,Z, ‘ Z,IR,;
EN 50289-1-6
Stangard IC ocC 1 1 0,71
1...5
simplified IC ocC 1 1
depending on the tube diamefer
IEC 61196-1
Methlod 1:
ocC IC 1 1 0,71
feeding through a resistance
Methiod 2: 1...5
diregt feeding Q¢ IC 1 1 depending on the tube diamefer

IEC 62153-4-3 Double shorticircuit methods

1...5
B oz ocC IC 1 0 depending on tube diameter
0,1...0,4
With|milked on btaid IC ocC 1* 0 depending on screen and shejath
diameter of the cable
IC: | inner circuit (cable under test)

OC: | «uter circuit (tube)

only if the cable impedance is equal to the generator impedance. For other cable impedances, the value
may vary, e.g. 0,67 for cables with an impedance of 75 Q.

9.2.2 Coupling equations

The equations for the coupling between the inner circuit and outer circuit for any load
conditions are described in [18] and [19]. By taking into account the short circuit at the near
end of the outer circuit (between the cable screen and the measuring tube), neglecting the
attenuation of the disturbing and disturbed line, assuming non ferromagnetic materials and
introducing further variables, the following equations are defined.
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2= = .[Z g +Z-h] (30)
u, R;+R,
1 1 j 0 . . . 31
g=——— =-{r-[cosx—cosnx|-j-n-sinnx+j-sinx } (31)
N 1-n" x
1 1 j . . . . 32
h=—-——-2.{n.r-[cosx—-cosnx]-j-sinnx+j-n-sinx} (32)
N 1-n" x
N [ [-sinx . 1L« - - ) 33)
N = ICOSX T+ ITFT W [ COSTIX + |-V -SITTX
1 rew I
L 34
X =p-L=2r— )
4
ne B _ A _ | 35)
B 4, En

r= B 36)

Zl

Ry
w = D 38)

Zl

where

Zy9 is the characteristic impedance of the inner circuit (cable) respectively outer
circuit (tube);

&1 9 is the dielectric permittivity of the inner circuit (cable) respectively outer cifcuit

' (tube);

B2 is the phasesconstant of the inner circuit (cable) respectively outer circuit (tubqg);

A0 is the wave-length in the inner circuit (cable) respectively outer circuit (tube);

L is theseoupling length;

Zt is the transfer impedance;

Yt is the capacitive coupling admittance;

Ry is the load resistance at the near end of the inner circuit (cable). Equal to|the
oufput impedance of the generafor respectively input impedance of the receiver
including an eventually used feeding resistor;

Ry ¢ load resistance at the far end of the inner circuit (cable). Depending on the used

method either equal to the characteristic impedance of the cable or a short circuit.

The factors g and h (see Equations (31) and (32)) describe the frequency response of the test
set-up. At low frequencies, when A>>L, the factors g and h are equal to 1. However, with
increasing frequency, the factors g and h start to oscillate and thus also the measurement
results. The maximum frequency to which the transfer impedance could be measured without
oscillations, caused by the set-up, is defined as the 3 dB deviation from the linear
interpolation of the measurement results. Or in other words, the maximum frequency is
reached when the factor g respectively h becomes >V2 respectively <1/V2.
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9.3 Simulations
9.3.1 General

For the following investigations, simulations have been chosen rather than a pure
mathematical solution because they are easier to grasp and clearly illustrate the differences in
the set-ups given in Table 4. In general, the capacitive coupling can be neglected compared
to the magnetic coupling (Zg<<Z1). i.e. the cut-off frequency is mainly determined by the
frequency behaviour of the factor g. Thus the following simulations are limited to the factor g.

Due to the reciprocity of the materials, it is possible to interchange the generator and receiver

withg g == ults
as IEC 61196-1, method 1: “feeding through a resistance” and the simplified EN 50289-1-6
method gives the same results as IEC 61196-1, method 2: “direct feeding”.
Table 4 — Parameters of the different set-ups
Method | w=R,j2, | =R, 2, | v=Z,IR,, n=\z,,1Nz,,
EN 50289-1-6, IEC 62153-4-3 method A
Stanflard 1 1 0,71
1.5 0,66 (0,45)...0[91
Simplified 1 1
depending on the tube diameter
IEC $1196-1
Methlod 1:
1 1 0,71
feeding through a resistance
0,66 (0,45)...0[91
Methiod 2: ] ] 1...5
diredt feeding depending on the tube diameter

IEC 62153-4-3 Double short circuit methods

1...5

With|tube 18 0 0,66 (0,45)...0|91
depending on tube diameter
0.1...0,4
i i i a
With|milked on braid | 0 depending on screen and sheath 1,02...2,0

diameter of the cable

(o]

nly if the cable impedanee' is equal to the generator impedance. For other cable impedances, the value may
ary, e.g. 0,67 for cables with an impedance of 75 Q.

<

In the tube methods, the factor n is given by the dielectric permittivity of the cable (jnner
circuiit) as<the dielectric permittivity of the outer circuit is nearly independent on the sHeath
matgrial ‘and can be assumed to be 1. However, in the “milked on braid method”, the factor n
is dgpehdent on both the dielectric permittivity of the cable insulation and the sheath, as the
“measuring braid” 1s direcily put on the sheath of the sample. The values for the factor n are
given for typical insulation materials (PE, foam PE, PTFE ...). The values in brackets are
given for an insulation material of PVC, which may be used in multi-pair/conductor cables. For
the “milked on braid” method, typical combinations of insulation and sheath materials
(PE/PVC, PE/LSZH, PTFE/FEP...) are taken into account, resulting in a value n > 1.

9.3.2 Simulation of the standard and simplified methods according to EN 50289-1-6,
IEC 61196-1 (method 1 and 2) and IEC 62153-4-3 (method A)

In EN 50289-1-6, IEC 61196-1 method 1: “feeding through a resistance” and IEC 62153-4-3
method A: “Matched-Short”, the factor v=Z,/Ry is specified at 1/Y2. The following simulations
show that this factor is a good compromise with respect to the maximum frequency to which
the transfer impedance could be measured.
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance”

b 117
0,50
12 — 066
—0,71
1 == T AN 1,007
NN —1,50
0,8 3,00 HH
o e \\ ------ --3dB
0,8 Nu»~ \
04 7 AY
I
0,2 iy
0
0,01 0,1 1 10
L/Lamhda 1EG~,3130/13

Key

Coloured lines correspond to indicated factors of v=Z,/R,,.

Simulation parameters

£r1

€r2

n

2,3 (solid PE)

1,0

0,569

0,8

gl

0,6

04

0,2

Figure 24 — Simulation of the frequency response for g

EN 50289-1-6 respectively IEC 61196-1 méthod 1 "feeding through a resistance”
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—0,79
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1,00 1
— 1,50

3,00
--3dB

0

0,01

0,1

LiLambda

10
IEC 3131/13

Key

Coloured lines correspond to indicated factors of v=Z,/R,..

Simulation parameters

£r1

€r2

n

1,6 (foam PE)

1,0

0,791

Figure 25 — Simulation of the frequency response for g
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance”

14
L[]
0,50
12 —0.71[T]
—0,88
1 — = 1,001
M \\ —1,50
08 “\ 3,00
5 [ IR
0,6 /\ {1
&
NV
0,4 - kY PR/
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0,2
0
0,01 0,1 1 10
L/Lambda IEG-, 3132/13
Key
Coloured lines correspond to indicated factors of v=Z2,/R,..
Simulation parameters
gr‘l Er? n
1,3 (foam PE) 1,0 0,877
Figure 26 — Simulation of the frequency response for g
EN 50289-1-6 respectively IEC 61196-1 metfiod 1 "feeding through a resistance"
14
L[]
— 0,45
12 0,50 ]
| —0,71
-
1 — = A 1,00
N\ \\ — 1,50
_ 08 3,00
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\\
0,4 —— T
N /'T A
L
0,2 \y
R
0
0,01 0,1 1 10
LiLambda IEC 3133/13
Key
Coloured lines correspond to indicated factors of v=Z2,/R,..
Simulation parameters
gr‘l Er? n
5 (PVC) 1,0 0,447

Figure 27 — Simulation of the frequency response for g

The highest frequencies (respectively shortest wavelengths) are obtained if the factor v=1/v2
respectively v=n, whichever is smaller. In Figure 24 and Figure 27, the highest frequency is
obtained for v=n (=0,659 respectively 0,447). But in Figure 25 and Figure 26, the highest
frequency is obtained for v=1/42=0,71. Below that value, the factor g overshoots, i.e.
becomes higher than one. Above that value, the cut-off frequency is decreasing.
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Figure 28 gives the calculated, by iteration, 3 dB cut-off wavelength (L/14) at which the factor
|g| becomes 1/V2. The graph is given as a function of the factor n=\/gr2/\/gr1 and for different
factors v=Z,/R,;. The curves show a linear behaviour and could be interpolated by straight

line.

This has been done in Figure 29 for v=1/2, v=1, v=1,8 and v=3,6. The factor v=

1/2

corresponds to the set-up according to EN 50289-1-6, IEC 61196-1 method 1 “feeding through
a resistance” and IEC 62153-4-3 method A “Matched-Short”. The other values of the factor v
correspond to the simplified set-up, i.e. direct feeding. For common diameters of the

measuring tube (around 40 mm) and common cable screen diameter (2 mm to 9 mm)
impedance in the outer circuit is 90 Q to 180 & and v=1.8...3.6.

, the

y (3dB) as a function of n and v

0,7
\ —0,50
0,6 — 0,66 |
— 0,71
05 _— ] /0,79 |
= 0 — ] —0,88
E T > 100
& 04 S — i — 1,80 —
3 | 2,00
" 03 —— e -"“"“——-_.‘_,_ —3,00| |
@ — —f———0 | |—380
k=) I
) I e 4,00
> 0,2 —
— |
e
-‘_'_‘——_
0,1 :___________ 3 ==
e —— ]
0
04 0,5 0,6 (14 0,8 0,9 1

n = lambda'l flambda 2 EC 313413

Key

Coloured lines correspond to indicated factors of ¥=Z,/R,;.

Figure 28 — Simulation of the 3 dB cut off wavelength (L/4,)

The |graphs for v=0,5 and y=0,66 are only given for n up to 0,5 respectively 0,66 bec
othefwise the factor g overshoots as described above.

y (3dB) as a function of n and v

0,5

puse

\\
0,4 —
= \ v=0,71 y = 0,4042x + 06741
b= Eﬁq \ Rz =0,9982
203 e L
3 I _ ¥ = 0,2646x + 04542
0 R‘\ V=100 R?=0,9947
n L
@ i T y=0,186x + 0,2669
= I R? = 0,9781
> [T
] i
0,1 = v=1,80 y=0,1192x + 0,1634
) — ] a0 iappti
— vy
P———— [ ——
e
ly= y=-0,1005x + 0,1366
0 v=3,60 RE=097
04 0,9 0,6 0,7 0,8 09 1
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IEC 3135/13
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Coloured lines correspond to indicated factors of v=Z,/R,..

Figure 29 — Interpolation of the simulated 3 dB cut off wavelength (L/1,)
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The linear interpolation equation is used to derive an equation to calculate the cut-off
frequency length product up to which the transfer impedance could be measured in a given
triaxial test set-up.

Table 5 — Cut-off frequency length product

Triaxial test set-up v Cut-off equation
EN 50289-1-6
; . . 200 120
IEC 61196-1 method 1 “feeding through a resistance v=1/2 (fl)ggg = \/» -—|'MHz-m
& &
IEC 62153-4-3 method A “matched-short” r "
v=1 (fL)yys = 135 80 | mHz m
& &
2 r1
v=1,8 (fL)yys = 80055 | MHz - m
&
Simglified EN 50289-1-6 ENE M
IEC $1196-1 method 2 “direct feeding” N 7]
_ 50 35
v=3 (f-LYyad = -~ |-MHz-m
8r1 8r1
v=3,6 (fL)yys = 40 30| \Hz.m
gm Sr1
The pquations given in Table 5 are drawn in the<graphs of Figure 30.
cut-off frequency length,product as a function of epsr and v
Q0
— ) —0,71
80 —1,00 | |
70 1,80 | |
—3,00
60 3,60 ||
|
\—‘———-_
£ 40
30
20
10
0
0 1 2 i 4 5 6
dielectric contant of the inner circuit {cable)
IEC 3136/13

Key

Coloured lines correspond to indicated factors of v=Z2,/R,..

Figure 30 — 3 dB cut-off frequency length product as a function
of the dielectric permittivity of the inner circuit (cable)

For example, if a cable with a PE insulation — dielectric permittivity of, ¢4 = 2,3, and a screen
diameter of 3,5 mm is measured in a triaxial set-up according to EN 50289-1-6 or IEC 61196-
1 method 1 “feeding through a resistance” with v=0,71, then the cut-off frequency length
product is about 80 MHz-m. Therefore for a coupling length of 0,5 m, the maximum frequency
to which the transfer impedance could be measured is around 160 MHz.
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If the same cable is measured in a triaxial set-up according to IEC 61196-1 method 2 “direct
feeding” or the simplified set-up according to EN 50289-1-6 where v=3, then the cut-off
frequency length product is about 18 MHz-m. For a coupling length of 0,5 m, the maximum

frequency to which the transfer impedance could be measured is around 36 MHz.

Figure 31 and Figure 32 show the measurement results of the normalised voltage drop — i.e.
the attenuation caused by the series resistor has been taken into account — in the triaxial set-
up for different factors of v. Both figures show the results of the same screen design, however
one with a solid PE insulation (&4=2,3), the other with a foam PE insulation (&4=1,6). The
measurement results confirm the simulations. From the equations given in Table 5 one
obtains cut-off frequency length products for v=3 of about 18 MHz-m and for v=1 of about

55 MHz-m for both the solid PE and the foam PE. This is also found from the measurement
results.
-4@ o e ,/
..4': //
v= 00,635 ‘
| ved \/4’\
o -558 T 4
© \
Py
g = e, \§
©
O g5 /—-_/\\_/“\_‘_J
g 7 VEET
s - A
g ] Y.
-88
6
o5 2 7’2‘/ i,
—59 i b 0 WP SN SR T T
CHNE S B A R 7L A R R B £
Frequency MHz
IEC 3137/13
Key
Indicgted lines correspond to factors of.v=2,/R,
Measurement set-up parameters
€11 €2 n 23 L
2,3 (PE) 1,0 0,659 130 Q 1m
Figure-31 — Measurement result of the normalised voltage drop
of a-single braid screen on a solid PE dielectric in the triaxial set-up
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Indicgted lines correspond to factors of v= Z,/R,,
Measurement set-up parameters
€rq 27 n Z, L
1,6 (foam PE) 1,0 0,791 130 Q 1m

Figure 32 — Measurement result of the normalised voltage drop
of a single braid screen on a foam PE dielectric in the triaxial set-up

9.3.3 Simulation of the double short circuited methods

9.3.3.1 General

For the double short circuited methods, one has either a measuring tube or a “milked on
braid”. When using a measuring tibe, the dielectric permittivity of the outer circuit (tubje) is
nearly independent on the sheath material and could be assumed to be 1. However in the
“milked on braid” method, theldielectric permittivity is given by the sheath material. Thus the
factgr n is different for both-methods. Also the impedance of the outer circuit is different for
both|methods, first due to.the different dimensions, second due to the different permittivities.

9.3.3.2 Simulation of the double short circuited method using a measuring tube

The double short circuited method using a measuring tube is shown in Figure 33. The o¢uter
circuit is fed'over a fixed — i.e. the same value for all cable types — feeding resistor, the yalue
of which~is. equal to the output impedance of the generator (e.g. 50 Q). Thus the [load
impeldance of the outer circuit at the far end is equal to 2 times the output impedance of the
genaratar The factor v is then only dependent on the diameters of the screen and of the
measuring tube.



https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

TS 62153-4-1 © IEC:2014(E) - 47 -

> 6 8

|

)

fﬁ'\?ffffffff SIS,

B e 74

2

X YN

Key

C3

C3

A 0N

C3

Thog
37 s
and

Figu

] [ ] 7){1

ignal generator

ble under test

ble sheath

librated receiver or network analyzer

NN

LSS SIS LS SIS IS SIS,

- 8()89

IEC 3139/13

5 cable screen
6 tube

7  short circuit
8

series resigtor (50 Q)

Figure 33 — Triaxial set-up (measuring tube), double short circuited method

Table 6 — Typical values for the factor v, for an inner tube diameter

of 40 mm and a generator output impedance of 50 Q

Screen diameter Z, v=Z,IR,
mm Q
9 89 0,89
8 97 0,97
5 125 1,25
3,5 146 1,46
2 180 1,80

e values have been used in the following simulations. The graphs in Figure 34 to F
how the-simulated frequency response for different dielectric permittivities of the d

or the different factors of v given in Table 6.

€.38 plots the results of calculation by iteration for the 3 dB cut-off wavelength (L/A

whic

gure
able

4) at

h the factor |g| becomes 1/¥2. The curves have then been interpolated by straight lines.
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Figure 34 — Simulation of the frequency response for g of a cable having
solid PE dielectric’(e/1=2,3)
double short circuit method with a measuring tube
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Figure 35 — Simulation of the frequency response for g of a cable having
foamed PE dielectric (g,4=1,6)
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double short circuit method with a measuring tube
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Figure 36 — Simulation of the frequency response for g of a cable having
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Figure 37 — Simulation of the frequency response for g of a cable having

PVC dielectric (g.4=5)
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From the found linear interpolation, one can derivate following equations to calculate the
off frequency length product, to which the transfer ilmpédance could be measured in
“douple short circuit” triaxial set-up using a measuring. tube.

Figure 38 — Interpolation of the simulated 3 dB cut off wavelength (L/1,)

Table 7 — Cut-off frequency length product

v=0,89 (FL) e ~| 1220 | MHz -m
ng r1
v=0,97 (FL), 5~ -2 |MHzm
gr1 1
v=1(25 (F L)y g5 %] =22 [MHZm
Er‘l 1
65 35
v=1,46 (fL)y s = —, [MHzm
£r1 1
60 35
v=1,80 (f-L)y ¥ =—— |[MHzm
E,—1 r1

cut-
the

The equations given in Table 7 are plotted in the graphs of Figure 39. For example, if a cable
with a PE insulation — dielectric permittivity of 4=2,3 — is measured in a triaxial set-up with
v=1,46 (screen diameter=3,5 mm, tube diameter=40 mm), then the cut-off frequency length
product is about 27 MHz-m.: i.e. for a coupling length of 0,5 m, the maximum frequency to
which the transfer impedance could be measured is around 60 MHz. If the same cable is
measured in a triaxial set-up according to IEC 61196-1 method 2 “direct feeding” or the
simplified set-up according to EN 50289-1-6 where v=3, then the cut-off frequency length
product is about 18 MHz'm: i.e. for a coupling length of 0,5 m, the maximum frequency to
which the transfer impedance could be measured is around 36 MHz. That is to say, that the
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double short circuit method (using a measuring tube) facilitates the sample preparation, has a
6 dB higher dynamic range and also allows to measure the transfer impedance up to higher
frequencies, compared to the simplified EN 50289-1-6 or IEC 61196-1 method 2 “direct
feeding”.

cut-off frequency length product as a function of epsr and v

15 —o.89] |
—0.97
40 125
25 —146| |
1.80
o 30
2 — I
2 25 ——
£
20
15
10
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0
0 1 2 3 4 5 6
1,80

Dielectric constant of the inner circuit (cable)
IEC 3145/13

Key

Coloured lines correspond to indicated factors of v=Z2,/R,..

Figure 39 — 3 dB cut-off frequency length product as a function
of the dielectric permittivity of'the inner circuit (cable)

9.3.3.3 Simulation of the double short.circuited method using a “milked on braid

In the “milked on braid” method, a measuring braid is used instead of a measuring tube.| The
measuring braid is put directly over the sheath of the sample. Thus the dielectric permittivity
of the outer circuit is given by the)dielectric permittivity of the sheath (g,=2...5), and the
impeldance of the outer circuit is_given by the dielectric constant and the diameter ovel the
sheath of the sample.

In th|s method, the inner\circuit is fed over a 10 dB attenuation pad instead of a 50 Q fegding
resistor while using & measuring tube. However, using a 10 dB attenuation pad instead|of a
feeding resistor doesn’t affect the cut-off frequency, as described below.

For ¢able screén diameters between 1 mm to 10 mm, sheath thickness between 0,2 mm to
1 mm and.ggy-between 2 and 5, the impedance in the outer circuit is between 5 Q and 20 Q,
i.e. | between 0,1 and 0,4.

A closer look on the coupling equations (Equation (30) to Equation (38)) shows that for small
values of the factor v and at low frequencies, the frequency response of the test set-up (factor
g) becomes nearly independent of it. The worst case with respect to the 3 dB cut-off is
reached if v=0. This is drawn out in the equations below and in Figure 40. Thus, in the
following, the simulations are done for v=0.

N={COSX+M-[I+I"W]}-{COSHX—i—j-V'SinnX} (39)
r+w

for small values of v, i.e. v<<1 and low frequencies, i.e. x<<1 one gets
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- _ 40
N:{cosx+J SlnX-[1+r-w]}-{e"”"—j-(l—v-sinnx)} (40)
r+w
- j-sinx _ i
~{cosx+ . [1+r W]} fer™ -}

double short circuit method with a milked on braid

J’R

4 —0

—0,1
3,5 0.2
0,3
3 b - -3dB T
=25 l
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0,01 0,1 1 10

L/iLambda IEC 3146/13
Key
Coloured lines correspond to indicated factors of v=2,/R,,,
Simulation,parameters
€p £o n
2,3 (PE) 5(PVC) 1,474

Figure 40 — Simulation of the frequency response for g

Taking into account typical combinations of insulation and sheath materials (PE/PVC,
PE/LSZH, PTFE/FEP...), one g€ts values for the factor n between 1,02 and 2. Those valugs in
Table 8 have been used for(the iteration of the 3 dB cut-off wavelength (L/14) shown in
Figufe 41.

Fable 8 — Material combinations and the factor n

41 42 n=\/gr2/\/gr1
5 (PVC) 1,47
2,3 (PE)

3 (LSZH) 1,14
5 (PVC) 1,77

1,6 (foam PE)
3 (LSZH) 1,37
5 (PVC) 1,96

1,3 (foam PE)
3 (LSZH) 1,52
2,0 (PTFE) 2,1 (FEP) 1,02

1,3 (expanded PTFE) 2,1 (FEP) 1,27



https://iecnorm.com/api/?name=1523f9cc08356c840bc36700390936f9

TS 62153-4-1 © IEC:2014(E) - 53 -

y (3dB) as a function of n

0,3

0,25
3 02
2
g e
-
j 0!15 i 1,204
u N— y=0,1723x"
) T R? = 0,9988
= [ —— 3
8 01 —

0,05

0

0,9 1 1,1 1,2 1,3 1.4 1,5 1,6 1.7 1,8 1,9 2 2.1

n = lambda 1/lambda 2 IEC 3347/13

Key

Plotted line is for v=22/F<‘2f << 1.

Figure 41 — Interpolation of the simulated 3 dB cut ‘off wavelength (L/1,)

From the interpolation, one can derive following equation @iven in Table 9 for the 3 dB cuit-off
freqyency length product. The equation in Table 9 is plotted in Figure 42.

Table 9 — Cut-off frequency length product

-1,204
50x n
v<<t (F), g = [6} “MHz - m
rl
cut-off frequency length product as a function of epsr and n
50
—1,02
45 —11 7
40 AN 13 1
—14
35 —1,5 —
a0 1,8
m
2
525 |
&
20
——
15
10
5
0
0 1 2 3 4 5 6
Dielectric constant of the inner circuit (cable) IEC 3148113

Key

Coloured lines correspond to indicated factors of n=\/gr2/\/gr1, for v=22/R2f <<1.

Figure 42 — 3 dB cut-off frequency length product as a function of the dielectric
permittivity of the inner circuit (cable)

For example, a cable with PE insulation and PVC sheath (n=1,47) with the dimensions of a
RG 58 (screen diameter around 3,5 mm) measured with the “milked on braid” method results
in a cut-off frequency length product of 20 MHz-m. The same cable measured in the double
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short circuit method with a measuring tube results in a cut-off length product of 27 MHz-m. If
measured in the simplified EN 50289-1-6 method respectively one gets a cut-off frequency
length product of 18 MHz-m. Thus the major advantage of the “milked on braid” method is that
it allows for bending of the sample under test.

9.4 Conclusion

The best compromise between a simple test set-up and the cut-off frequency is given for the
“double short circuit” method using a measuring tube. It covers the usually required frequency
range of 100 MHz (see Table 10) for the transfer impedance measurement (using a 30 cm
tube) and has the highest dynamic range of all triaxial methods.

The [“milked on braid” method has a limited frequency range, requires a long“sample
prepgaration but allows for bending of the sample under test.

The Imatched method according to EN 50289-1-6, IEC 62153-4-3 method A matched-short”
respectively IEC 61196-1 method 1 “direct feeding” has the highest cut-off ftequency but|also
the Ipwest dynamic range. An additional error source in that method ,is\the accuracy of the
serigs resistor which might have unknown frequency behaviour cand thus an unknpown
atterjuation.

Table 10 — Cut-off frequency length product for,soame typical cables
in the different set-ups

Cable type Sheath EN 50289-1-6 Double short circuit | Double short method
IEC 61196-1 method 1 method using a using a milked 9n
IEC 62153-4-3 method A tube braid
PVC 20 E/I1H42%m
RG 48 80 MHz'm 28 MHz'm (n=1,47)
(64=P.3) (v=0,74) (v=1,46) 28 MHz-m
LSZH (n=1,14)
PVC 20 E/I1H7z%m
Thin |[Ethernet 83 MHz'm 30 MHz'm (n=1,77)
(4=[1.6) (v=0,71) (v=1.46) 28 MHz'm
LSZH (n=1,37)
PVC 20 E/I1H42%m
RG 414 80 MHz'm 35 MHz'm (n=1,47)
(64=P.3) (v=0,71) (v=0,97) 28 MHz-m
LSZH (n=1.14)
PVC 20 Mngém
RG § 83 MHz'm 42 MHz'm (n=1,96)
(64=[1.3) (v=0,71) (v=0,97) 26 MHz'm
LSZH (n=152)

10 Background of the shielded screening attenuation test method
(IEC 62153-4-4)

10.1 General

In many cases, above all in the lower frequency range, the screening effectiveness of cables
is described by the transfer impedance Z;. It is, for an electrically short length of cable,
defined (see Figure 43) as the quotient of the longitudinal voltage measured on the secondary
side of the screen to the current in the screen, caused by a primary inducing circuit, related to
unit length [23]. Although the transfer impedance Z; covers only the galvanic and magnetic
couplings, it is common practice to use it also as a quantity which includes the effect of the
coupling capacitance C; through the cable screen [24]. In this case, it is named equivalent
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transfer impedance Z;g which includes the effects of galvanic, magnetic and capacitive
coupling.

For the determination of the proper coupling capacitance there is, as standardised quantity,
the capacitance coupling admittance Yg. The coupling admittance (see Figure 44) for an
electrically short peace of cable is defined as the quotient of the current in the screen caused
by the capacitive coupling in the secondary circuit to the voltage in the primary circuit related
to unit length [23].

With eIectncaIIy short cables where wave propagat|on can be neglected the screenmg
quan ) ] Irbing
voltajge. In the hlgher frequency range the |mpI|cat|ons get S|m|Iar compllcated ag the
trandmission characteristics of a simple line, dependent on the impedance and admittanc¢ per
unit length as well as on the terminating resistors.

I i
L Leid | Lt M
B PP
U Y, V= Cr
IEC 3149/13 | IEC 3150/13
v Y.=—2 _i.p.-C
Zy = 2 TEU L jro-Ct

Figure 44 — Definition of coupling

Figure 43 — Definition of transfer admittance

impedance

10.2( Objectives

It is desirable to measure and evaluate>the screening efficiency of cable screens also if the
wave propagation frequency range such that its characteristics can be directly applied.|This
requfres a closer examination of the conditions of such applications.

In géneral, a system of electromagnetic induction consists of a transmission circuit in the
cabl¢, which is assumed to be fully defined, and of a surrounding transmission system, which
is agsumed to be universal with respect to the definition of cable screening. The scregning
effedtiveness may bé)~universally described by the maximum power output into| the
io is

bing
bt-up

the
lamp

transformers considerably limit the measurement sensmwty

It suggests itself to limit the free space such that the said problems don’t occur but wave
propagation near the cable surface is not significantly changed. A triaxial measuring set-up is
the solution. It has a one-sided short circuit between the metal tube and the cable screen.
Power is fed into the terminated inner circuit of the cable and the disturbing power is
measured at the opposite end of the outer circuit.

10.3 Theory of the triaxial measuring method

On the basis of the known reversibility of primary and secondary measuring circuits, the
proposed measuring set-up, presented in Figure 45, is similar to the triaxial set-up for
measuring the transfer impedance. The benefits of feeding the inner system, which is
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terminated by its characteristic impedance, are the matching of the generator and reflection
free wave propagation over the cable length.

The characteristic impedance of the outer circuit depends on the diameter of the measuring
tube and the cable design. The effect of the mismatch in the outer circuit is discussed later

on.

The equivalent circuit using lumped circuit elements (shown in Figure 46) facilitates the
understanding of the theoretical relationships.

L~2m

AASSS LSS LSS S S S SIS 7 2
Ui I \ I \\\\\/\\ éfff
A : :~ 0
AV e I\ 2
U g R 772
7
7777777727777 ZE 77777
Key
1 signal generator 5 cable screen
2 cqlibrated receiver or network analyzer 6 tube
3 input voltage to cable under test 7 terminating resistor R,=Z,
4 cgble sheath

Figure 45 — Triaxial measuring set-up for screening attenuation

inner conductor

U1 Z1
ZrL
I
YrL R U,

| tube

Figure 46 — Equivalent circuit of the triaxial measuring set-up

IEC 3152/13

Based on the conditions of the objects to be measured, it is assumed that the transfer
impedance Z; is low and the reciprocal quantity of the coupling admittance Y7 is high in
comparison with the characteristic impedances Z; and Z, and the load resistance R.
Therefore, the feedback of the secondary circuit on primary circuit can be neglected.
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When the frequency is low, one may consider the primary circuit shown in Figure 46 as a
voltage divider and read the disturbing voltage ratio directly. The one-sided short circuit in the
measuring circuit prevents the efficiency of the capacitance coupling admittance Y.

U

U

Z. L
Zl

[\S]

~
~

(41)

—

In the high frequency range, where wave propagation has to be considered, one may expect
the transfer impedance to be proportional to the frequency in most cases. Therefore it is
expedienttousethe fottowimgequatior:

Z. =R +j oM; ~j- oM, 42)

and [consider the effective mutual inductance per unit length My at high frequencies as an
apprpximated constant quantity as it is usually done with the through capacitance Cr.

It is gommon practice to describe the capacitive coupling in the form-ef the capacitive coupling
impegdance Zg, which is nearly invariant with respect to the geemetry of the outer c|rcuit
(tube). [24], [27].

Z.=22Y,=27,j oC; 43)

Furthermore, the attenuation constants a4 and ox of the circuits may generally be neglgcted
as, flor example, the value of nearly 1 dB/m of\the common cable type RG 58 at 3 GHz is
relat|vely small compared to the usual measuring uncertainty.

In thle relevant literature it is common practice to describe wave propagation in the form of
phase constant [24], [25]. If the ratio between effective length and wave length is lsed
instead of the phase constant, the (periodic phenomena become clearer. With wave length 4,
in frge space or A4, 4, in the circuits 1 and 2, the following relation exists:

Pio-L=27- ¢, T 27— 44)

Accqrding to thHe-theory of wave propagation [25] and line crosstalk [26], a wave propagatgs in
the matched(inner circuit towards the matched end. In the outer circuit, a part of the induced
wave propagates forwards to the measuring receiver and the other part is moving backwards
to the shert circuit. The total reflection at the short circuit reverses this backward wave| and
superposes it to the original forward wave, i.e. the sum can be obtained as measured valye.

If the second circuit is matched at both ends, the backward wave would be measured at the
generator end (near end) and the forward wave at the opposite end (far end) separately.

Hence equations for the near end are derived from [24]:

Uy, Zr+Z: e+ -

= % l-e
U 22, jale, +4z,)

(45)
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and for the far end:

ey LN R
hleg A (46)

= % H<l—-e
U1 221 Jw( & _\/Z)

Equations (47) and (48) are depicted in Figure 47 with the indicated parameters.

0 T T T T
LL
20-log—="| in dB
20| — Ul
—40 far end
760 ’/-‘"\ n /:/\ A "
T g V :‘
80 near end ‘ :"
i
10 kHz 100 KHz 1 MHz 10 MHz 100 MHz 1 GHz
IEC 3153/13
Calcu]ation parameters
C; = 0,02 pF/m M = 0,4 nH/m
R = 50 Q L = 2 m
Z, = 50 Q &4 = 2,3
Z, = 120 Q &n = 1,1

Figure 47 — Calculated voltage ratio for a typical braided cable screen

With|a short circuit and an unmatched“measuring receiver, these original voltage waves cpuse
additional voltage portions. The sum of all voltage portions is zero at the shorted end (near
end)|and U, at the receiver end-(far end). By use of the wave parameter and reflection fagtors
or tefminating resistors, it is-possible to calculate all voltage portions and the voltage U, [from
the grimary induced voltage ‘waves, see Equation (45) and Equation (46):

Ui | zr-ze (57 o], _ZreZe [ gie] | 1] c .
Ul Ve —Af%m [ © +\/a+\/5r2 [ ) |“"Z1||2+(22/R—1)~(1—e"j¢’3] )
or in|consideration of Equations (42) and Equation (43)
Mr/ ¢z MV CrZ
V| | 2O ], 2 O ] | 0 | g
Uq \/;—wlsrz \/a+,/5r2 ‘2+(22/R—1)-(1—e_1"”3x

where

Calculated results for a typical braided cable screen are given in Figure 49. Another way to
obtain the related induced voltage is given in [21].

The functional equation (see Figure 48)
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\1 - e"'""‘ =[2xsin(p/2) with ¢ = ¢+, p3. 93 (49)

shows that the equation of the voltage ratio contains three periodic partial functions of the
ratio effective length L to wave length A:

‘l’eﬂw‘ @3

4

7\ BN
. LR AN
/ i\ ' I. \ /,

0 t ; Loy .
Wl R /
A
[V R N

. / \I/ 7

@2

/2 JEC) 3154/13
Figure 48 — Calculated periodic functions for g4 =2,3 and ¢, = 1,1

For low frequencies, when L<<ly and, consequently, gin(p) = ¢, Equation (48) changes into
Equation (42), the result of the common measuring méthod for the transfer impedance.

An ekample of the theoretical curve of the voltageyratio is shown in Figure 49 in two diagrams:
The |eft one, a) with a logarithmic scale to extend the lower frequency range and the righ{ one
b) with a linear scale up to very high frequenCcies.

SO T T T T

20~10g£ in dB

U, A

kil o %W\NW M, 1 0

o 0.1 1 10 100 1000 80 |
U 500 1000 1500 2000 2500 3000
ﬂMHZ IEC 3155/13
//MHZ IHC 3156/13
a) Cogarithmic irequency scale b) Cinear frequency scale
Calculation parameters
C; = 0,02 pF/m M = 0,4 nH/m
R = 50 Q L = 2 m
Z, = 50 Q £q = 2,3
Z, = 120 Q & = 1,1

Figure 49 — Calculated voltage ratio-typical braided cable screen

It is not useful to specify the induced power for an exact length of cable at a single frequency,
anywhere between a minimum and maximum of the function. Only the periodic maximum
voltage is important for the evaluation of the screening effectiveness. In the outer circuit, the
wave propagation shall be nearly the same as in free space. Therefore, the characteristic
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impedance Z, is higher than the common input resistance R of the measuring receiver, i.e.
50 Q or sometimes 75 Q.

Consequently, periodic maximum values of the voltage ratio are obtained from Equation (47)
and Equation (48), which are independent of the input resistance of the receiver R and of
effective cable length L:

U, C, | z,-z Z. +Z

L Co 50
Ul max C()Zl \/— \/_ \/_ \/_ &)

or in|consideration of Equation (42) and Equation (43):

M,
‘// ¢,z /é+cz

mx‘f_J_' Voo + e |

51)

1

At finst sight, Ct, Z,, &, and Zg appear as random quantities{which depend on freely chpsen
dimegnsions of the measuring tube. In reality, however, theqoltage ratio is independent of the
chargcteristic impedance of the outer circuit since C;-Z, and Zg are practically invariant|with
respect to the dimensions of the measuring tube [24}~][27]. Furthermore, the influence of the
cabl¢ sheath on the resulting relative permittivity ¢, is negligible if the design of the
measguring tube takes into account the requirement for a wave propagation whigh is
apprpximately the same as in the free space; in“Consequence &, = 1,0.

The periodic maximum value is independent of the effective length L and frequency f or wave
lengih 4. A measured frequency respaonse would hint at a frequency-related quantity rather
than|the pure mutual inductance M.

As i{ is seen from Figure 48-and Figure 49, the envelope rise is reached with the| first
maximum of the wide period-at:

ﬂ%sz"\/‘("—ﬂ_ S

Co
or f> 52)

2-L-ert — o

In th|s frequency range, Z; can be calculated if Zg is negligible:

Z | 1yq |
WEL e o] Y

2'00‘\/8—r1 Ul

2|~ (53)

10.4 Screening attenuation

The screening attenuation is defined as the logarithmical ratio of the maximum power in the
secondary (outer) circuit to the power propagating in the primary (inner) circuit.

J (54)

r,max

a, =-10x Iogl{Env

1
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The power coupled into the outer circuit depends on Z, although the peak voltage is
independent of it. Thus a normalised value of the characteristic impedance of the outer circuit
Z, must be defined. It is common practice to define Zg = 150 Q [24].

In the standardised “absorbing clamp method“ (see IEC 62153-4-5), the outer circuit is
matched with Z,, and the radiated power is the sum of the near end and far end crosstalk.
From the comparison of that measuring circuit with the measuring circuit of the triaxial method
results the relation of the measured power to the radiated power.

The equivalent circuit for an electrical short part of the length AL and for a negligible
capacitive nnllpling illustrates the circumstances in Figllro 50

I

IEC 3157/13

Figure 50 — Equivalent.circuit for an electrical short part
of the length Al and negligible capacitive coupling

The power in the primary circuit.is:

P=U,-I U =17z
1= 1'1—Z_—1'1 35)
1
The power in thetsecondary circuit, which is coupled by the transfer impedance Z is
Py* = AUy - Alys AUgs =1y - Z7 - AL 56)
. AU,
Al, =—2 57
w3 (57)
Thus
* *\2 2
P (AU 1 (z-AL) 58)

P 2.2, I>.Z, 2-2-Z,

If the secondary circuit is short circuited at one end and terminated by R at the other end, the
power measured at R is
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1 Z R (59)
P, R
-2 - (60)
P, 27,

orin

Thusg

10.5

Fron
atten
Ther
and

The

uation is a function of thé velocity difference between the primary and secondary ci
efore the test results may also be presented for normalised conditions where Zg = 1
he velocity difference [Av/vq| =10 % or &4/e n = 1,21,

hormalised screening attenuation is calculated by:

Normalised screening attenuation

Equation (50), it is seen-that the maximum voltage ratio and therefore the scree

a)"\lzl L - \/g—rl_\[grz,n

ent

i — Pr,max — R 61)
PZ Pz,max 2Zs
the screening attenuation is calculated by:
a, =10xlog,,[=——=10xlog,, A 2_28
r,max 2,max R
u, Y2z
e 10 X |O 1 < S 62
glo Uz,max] Zl )
=20xlog,,—= +1ox|ogloﬂ
2,max 21

ning
cuit.
50 O

a,, =20xlog,,

s
Z_ .0
=T

63)

~0

With respect to Equation (50), Equation (62) and Equation (63) and assuming negligible Z,

the d

ifference Aa of the normalised and the measured screening attenuation is given by:

‘C"rz,n

8r1

Aa=a, —a, =20xlog,, V2
1_@

grl

(64)
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where &, ~ 1,1 is the relative dielectric permittivity of the outer circuit (tube) during
measurement.

Table 11 shows the difference Aa for typical cable dielectric.

Table 11 — Aa in dB for typical cable dielectrics

10.6

The
theo

an internal resistance of 50 Q. The screening attenuation agcis presented in Figures §

Figu
e R
e H
e H
e R

The
appe
braid
appr
trans

Outer circuit (tube) Cable dielectric Aain dB
ng,n €1
1,9 2,3 -12
1,7 21 -1
1,3 1,6 -8
1,1 1,3 -2

Measured results

measured screening attenuation of common types of cables,.shows the validity o
etical basis. The voltage ratio U,/U, is measured by means af @/network analyser hz

e 55 for three types of cables as a function of frequencyz

G 58 according to MIL-C-17 with single copper braid;
F 75 0,7/4,8 2YCY with a dielectric of solid PE ahd a single copper braid;
F 75 1,0/4,8 02YCY with a dielectric of foamed PE and a single copper braid;

G 223 according to MIL-C-17 with double_copper braid.

theoretical relations of the transitigns from low to medium and high frequenci

aring in the calculated curve in Figure 47 — become most evident with the single co
(see Figure 51). Here the voltage ratio is independent of the frequency u

fer impedance. At high {frequencies, higher than about 100 MHz, super-positi

[ the
ving
1 to

Ps —
pper
p to

pximately 0,4 MHz but proportional to the effective length of the measuring tube lik¢ the

bned

periddic functions occur shewing maximum values of approximately equal magnjtude
independent of frequency and effective length. The frequency at which the superpogition
appdars is reciprocal to ¢he effective length just as the frequency spacing of the peak values
(see|Figure 51 and Figure 52). In contrast to the effective length of 2 m, the effective length of
0,5 m does not allowte plot the screening envelope curve with sufficient accuracy any more,
due fo the wide spacing of the long period maximum values.
v, U,
70 |2 — M;\ w as
asg ] A JW\}M\ 5 JAMJ Ly Ml gt
v e
72 80
-92
-92 100
112
0.1 1 10 100 1000 12 120
0 500 1000 1500 2000 2500 3000
f/MHz IEC 3158/13
f/MHz IEC 3159/13

Logar
Coupl

ithmic voltage ratio |Up/U4| in dB (left hand scale) and screening attenuation as (right hand scale)
ing length L =2 m.

Figure 51 — ag of single braid screen, cable type RG 58, L =2 m
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Logarjthmic voltage ratio [Up/U4| in dB (left hand scale) and screening attenuation as (right hand scale)
Coupling length L = 0,5 m.

Figure 52 — a of single braid screen, cable type RG 58, '=-0,5 m

The |periodic frequency spacing in the measured curve and the (secreening attenuatior] are
depgndent on the velocity difference between primary and secondary circuit (Equation| (47)
and Equation (50)). This theoretical relation becomes most evident in Figure 53 and Figure 54
where the cable screens of both cables are equal, but the relative permittivities of the g¢able
dielectric ¢4 and thus the velocity difference in the test set-up differ. In Figure 53 we have
&41=4,3 and a velocity difference |Av/v,| = 45 whereas i’ Figure 54 ¢,=1,7 and |Av/v4| =
24 %. Thus, in Figure 54, we have a larger frequency/spacing of the wide period and also a
lowefl screening attenuation. But the normalised screening attenuation of both cable scrgens
is equal, ag ~ 43 dB.

For the cable with double copper braid (see Figure 55), the theoretical relations beqome
appgrent only if the measurement is very* accurate and the receiver is sensitive enough for
low |nduced voltage. Apart from its_level and distinct function of frequency, the scregning
atterjuation of the double copper braid is obviously similar to that of the single copper braid.
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Logarithmic voltage ratio [Up/U4| in dB (left hand scale) and screening attenuation as (right hand scale)
£172,3, |Av/v4|=45 %, coupling length L = 2 m.

Figure 53 — a  of cable type HF 75 0,7/4,8 2YCY (solid PE dielectric)
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thmic voltage ratio |Uo/U4| in dB (left hand scale) and screening attenuation as (right hand scale), ¢
|=24 %, coupling length L =2 m.

Figure 54 — a of cable type HF 75 1,0/4,8 02YCY (foam PE dielectric)
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ng length L =2 m.

Figure 55 — a; of double braid screen, cable type RG 223
Comparison with absorbing clamp method
le absorbing clamp wmethod according to IEC 62153-4-5, in principle, the current of

de of the cable under test is measured. The matched outer circuit is directly inducs
hner circuit. The power in the outer circuit is related to the current by calibration.

b 12 givesca-comparison of results of some coaxial cables with different screen des
show aumaximum difference of 3 dB.
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Table 12 — Comparison of results of some coaxial cables

Screening attenuation ag in dB
Cable type, Frequency Absorbing clamp Triaxial
screen GHz method method
RG 58, 0,2 51 48
single 0,8 52 50
braid 3,0 - 50
RG 214, 0,2 51 50
single 0.8 54 5T
braided 3,0 - 53
RG 214, 0,2 79 79
double 0,8 82 81
braid 3,0 - 83
RG 223, 0,2 86 88
double 0,8 90 90
braid 3,0 - 83
10.8| Practical design of the test set-up
The pet-up to measure the screening attenuation agyis’/in principle the set-up to measurI the
atterjuation of RF devices, where the voltage ratio\U5/U; is measured. The cable under t

connected to the output of a RF-generator, the ouiput of the coupling tube is connected t
measguring input of a RF-receiver. Generator, and receiver may be included in a sens

xample brass), with an inner diameter of about 40 mm to 50 mm and a length of 2
r more, where the total length of 2 m or more may be achieved by screwing togs
parts of tubes (RF-tight).

One|way to realise the short circuit at the near end of the CUT is to solder a braid of silV
copper wires to a punched disk of copper. This "contacting braid" is fixed on the

conductor of the cable sample where the sheath is removed, e.g. with cable clamps.
elecfrical contact between this contacting braid and the measuring tube may then be achi
by aljam-disk, which is fixed by the clasp cap, which is screwed to the tube (see Figure 57

The |contatting braid, which is prepared once, may be used several times. Soldering o
scre¢n/of-the cable sample to the tube — as usual at the classic triaxial — set-up is no Ig

st is
b the
itive

ctive
m to
bther

ered
buter
The
eved

.

f the
nger

requlred’and the time to prepare the CUT is minimised.

The termination at the far end of the CUT is achieved by a resistor of the same value as the
characteristic impedance of the CUT. Experience has shown that the best results are obtained

with  SMD resistors, respectively so called "mini-melf-resistors" with low mecha
dimensions and good RF-characteristics, which are soldered directly between the inner
the outer conductor of the CUT. To avoid radiation and to contact the outer conductor o
CUT, this termination is shielded by a case, which is well conductive (see Figure 45).

nical
and
f the
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1 2
1
s otz )
OUTR A B
XX Xe) 4 5
IEC 3168/13 S——— IEC 3169/13
Key Key
1 Ngtwork analyser 3 Power divider 1 tube of brass 5 sheath of cable sample
2 Atfenuator 20 dB 4 Measuring tube 2 clasp cap 6 cable under\test (CUT)
3 jam disk 7 contacting, braid
4 contact to the cable screen of CUT
Figure 56 — Schematic for the Figure 57 — Short circuit between tube

measurement of the screening and cable screen of the CUT
attenuation ag

To optain clear and reproducible results, the sampledmust be well centered in the measliring
tube| A slackly mounted cable under test in the méasuring tube will lead to deviations of the
chargacteristic impedance Z, of the outer system over the coupling length and thus to
addifional reflections. Centering may be achieved by mounting the sample in punthed
polyethylene disks which are placed in the measuring tube, or better by stretching the sample
unddr test, e.g. with a desk vice. Also, vertical mounting of the measuring tube is useful.

10.9| Influence of mismatches

10.9]1 Mismatch in the outer circuit

term|nating resistor, a mismatch is inserted into the outer circuit, which affect the refsults
significantly depending-on the mechanical dimensions [28]. The mean charactefistic
impeldance of the(outer circuit, formed by the cable screen and the measuring fube,
respectively in théwouter circuit at the screening case is given by:

Mismlatches in the outer circuit may result in significant errors. With the screening case of the

60 D 60 D
Z5 ~ .In(D—m] (65) Z3 ~ .In[D m ] 66)
&r2 a Ero case
where
D, is the outer diameter of cable screen;

D.,se s the outer diameter of screening case;

D is the inner diameter of measuring tube.

m

A deviation between D_,., and D, thus results in different impedances and therefore in
additional reflections in the outer circuit. For example, a screening case with an outer

diameter of D 5, = 1,2 - D, results in a impedance Z3 which is 11 Q less than Z, (g,=1,0).

Figure 58 facilitates the understanding of the theoretical relationships.
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Fon=-1 o = =1 (due to the short circuit)

I3 |f32 = -y I3t |
zZ -Z
- 3 72
: Liptr =77
- 22, —_— 3 72
from d 7in to Fap = Iy
1N i
generator. ® = — receiver g
2
[oy = ——=
3f
R+Z2
L | L3 |

IEC 3170/13

Figure 58 — Triaxial set-up, impedance mismatches

The |outer circuit thus consists of two lines with different characteristic impedances| To
calcuylate the voltage at the receiver, some additional variables have to be defined.

Uy, i the voltage, which is coupled from the cable under test into the @uter circuit (Z,, | Ly),
prophgation to the far end, including the total reflection at the near, énd.

L,

U
— 2 72
= +—=t.r, e "

VATANT) o7

Whefe Uy, U,, are the voltages in a matched outer circuit according to Equation (42)f and
Equdtion (44).

Multiple reflections of this wave between the ‘'short circuit at the near end of the outer c|rcuit
and the transition from Z, to Z; are described by T;.

1+r,
l—r,, -ry,-€

P = 2L 68)

The |superposition of the‘wave which is propagating from the line Z,, », L, to the farl end
(recgiver) of the line-Zg, 73, L3 — including the multiple reflections between the transitions [from
Z3 tq Z, and Z5 to R<(receiver input) — is described by Tj;.

1 + r3f . e—}/s'Ls 69
. .a2nh )
1-r, ry-e

T3f:

The superposition of the wave which is propagating from line Z3, 3, L3 to line Z,, 5, Ly is
described by Ts,.

1+r,
l-r,-ry-e

2737l

T32 = gl 13T e (70)

The superposition of the wave which is propagating from line Z,, 5, L, to line Z3, 3, L3 is
described by Tys.
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I+
_ 23 . a2k
Ty = . ot i€ (71)
—Ihhn I3 €
In consideration of all these reflections, the voltage at the receiver is calculated by:
Ureceiver — Uh . Tzf i T3f (72)
U1 U1 1- T32 ’ T23
Figufe 59 and Figure 60 show the calculated voltage ratio for a cable screen with the"g§ame
chargcteristics as in Figure 49 but with different dimensions of the screening case.
~40r—20-log,, [ in dB —40— 20-log—2<2| in dB
1 1
50| —50)
60 —60)
~70 =70 \ i
—80! T T T
—80 T T U 500 1000 1500 2000 2506 3000
v 500 1000 1500 2000 2506 3000
f/MHZ EC 317113 //MHZ IE¢ 3172/13
quantities used: quantities used:
C; =[0,02 pF/m C; =0,02 pF/m
M; =[0,4 nH/m M = 0,4 nH/m
R=300Q Z,=50Q £=23 R=500Q Z,=50Q £=23
Z,=[120 0 £, =1 L,=2m Z,=120Q £,= 1,1 L,=2m
Z,=p0Q g9 =11 L,=0,03m Z,=90 Q £y = 1,1 L,=0,1m
Figure 59« Calculated voltage ratio Figure 60 — Calculated voltage ratio
incjuding multiple reflections caused by including multiple reflections caused py
the screening case the screening case

To avoldthe dfsturbing reffections at the screening case, the reflection factor r,; or (and) ra¢
must be minimized. A worthwhile solution in practice is to design the screening case in a way
that the characteristic impedance Z; is approximately of the same value as the input
resistance of the receiver. In this case, the reflection factor r3; = 0 and thus T3=1, T3,=0. This
results in a voltage ratio which is equal to the ideal frequency response of Equation (48).

10.9.2 Mismatch in the inner circuit
10.9.2.1 General

A mismatch in the inner circuit, i.e. between the generator and the DUT or between the DUT
and the load resistor, may result in significant errors.
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The mismatch between the DUT and the load resistor can be reduced by choosing an
appropriate load resistor. Theoretical and practical investigations [28] show that a mismatch
of the terminating resistor in the inner circuit is of low influence as long as:

Rtermination — Z1| 100 % <10 %
Z, )

However, when measuring cables, especially multi-conductor cables having a “coaxial”
impedance significantly different from the generator impedance, one has either to use
impedance matching adapters or to take into account the reflection loss of the mismatch
between generator and DUT.

Impgdance matching adapters are only available for standard impedances like 60 Q lar" 75 Q.
For |other impedances, one would have to build homemade adapters. However, those
adapters only work for frequencies up to some 10 MHz. This is illustrated inrFigure 1. It
shows the attenuation and return loss of a 50 Q to 5 Q impedance matching adapter. A [DUT
impeldance of 5 Q is typical when measuring multi-pair cables with individually screened pairs
or when measuring high voltage cables for electrical vehicles.

self made 50/5 Ohm impedance matching adapter
open/short measurement

s | l;i//'—\fJMT
m B el
15 T R

20 g /

25 g M

: X
. &

0 et
45 =
/ U

1 y. N .
50 / () 500 side 560 50Qside
55 ——alpha dB
—RL
60 I 1
0,01 0,1 1 10 100 1000 10000
MHz IEC 3173/13

Figure 61 — Attenuation and return loss of a self-made
50 Q to 5 Q impedance matching adapter

Therefore—itis—Tecommended ot to Use Self-made impedance matching adapters—but to
measure with mismatch between generator and DUT and to take into account the reflection
loss of the mismatch:

aS:10><10g10—1:10><10g10L>< 2XZs (73)
Smax 2max R
o Enf 201088, 41 10108,/ 2 "
1
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ional

where

ag is the screening attenuation related to the radiating impedance Z; of 150 Q in dB;

Env  is the minimum envelope curve of the measured values in dB;

So1 is the scattering parameter S,; (complex quantity) of the set-up where the primary
side of the two port is the DUT and the secondary side is the tube, i.e. the operat
attenuation of the set-up;

I

S

is the reflection loss of the junction between the generator and DUT.

The junction loss is obtained from the reflection coefficient (scattering parameter S,4) as

desc

ibed in 10922 \Where Q‘,‘, could either be measured or calculated ||Qing the n

nean

char

10.9

In case a source with an inner resistance R; feeds a load with a different resistancg

pOW§

to trrwr junction by a transmission line with a characteristic impedance Z,=R; and the lo
conne

equi

bcteristic impedances for the purpose of simplification:

_ Zl _Zo
"z +2,
e
is the nominal characteristic impedance of the cable under test in¢Q;

is the output impedance of the generator, i.e. system impédance of the nef
analyser, in Q.

2.2 Reflection loss of a junction

r is lost compared to the matched case due to the{mismatch. If the source is conng

cted to the junction by a transmission lineswith a characteristic impedance Z,=R;
alent circuit is as shown in Figure 62:

< |l

Uo R

IEC 3174/13

Figure 62 — equivalent circuit of a load resistance connected to a source

75)

work

R,
cted
ad is
, the

The

In ca

power In the load resistance K, IS given by

2

U, R
L~ ™0 2

R +R, (R +R,)

se of impedance matching R, =R;, the maximum power P is fed:

P=V&=[ (

R 1,1
F=Uirr=3Yr (

I 1

The ratio of Equations (76) and (77) describes the loss:

76)

77)
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P UXR, 4R  4RR,

e e (78)
Ry (Ri +RL)2 Us (Ri +RL)2
The following auxiliary calculation introduces the reflection coefficient r:
2 2 2
l_rZZI_(RL_Rij :(RL+Ri) _(RL_Ri) _
2 2
R +R, (RL + Ri) (RL + R/) (79)
R} +2RR, +R*-R! +2R,R, -R?  4RR,
(B, pY (P DY
\I\L Il\l'/ \I\L 1 "i/
Using Equation (79), the power ratio (Equation (78)) becomes:
P
—=1-r’ 80
P, )
The magnitude in dB therefore is (see also IEC/TR 62152 Equation C.67)
T, =-10log,|l - r’| 81)

11 Background of the shielded screening attenuation'test method for measuLing

(IEC 62153-4-10)

11.1| General

{he screening effectiveness of feed-throughs and electromagnetic gasket

The proper function of modern communication“equipment is strongly influenced by the proper
EMI [ shielding of electrical components. “Feed-through configurations with poor grpund
connections can contribute significantly;to the overall EMI level of communication equipment
[1]. Electromagnetic gaskets like contact springs or conducting polymers can dramatically
reduge conducted and radiated emissions, respectively. A cross-sectional sketch of the typical

configuration of a feed-through-is. shown in Figure 63. The connector body is soldered

onto

the qircuit board and thus electrically connected to the ground potential or equipotential of the

elecfronic circuitry.

Shielding/
screening wall

Contact Spring as an
electromagnetic gasket

Plug body/screen

I
Hm :F

Connector
body/screen

Cable screen

Printed circuit board

IEC 3175/13

Figure 63 — Cross-sectional sketch of a typical feed-through configuration

At higher frequencies, the potential of the circuit board’s ground plane is usually not equal to
that of the shielding box. A contact spring short circuits this potential difference. If the contact
spring were not present in the setup of Figure 63, excessive radiation of electromagnetic

waves along the cable’s outer conductor will be the result.

It is usually a very time-consuming task to evaluate the shielding or screening effectiveness of
a feed-through or electromagnetic gasket (EMI or EMC gasket) in a test configuration as e.qg.
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is recommended in CISPR 25. The measurement setups that are described there are
generally based on some kind of free space measurement, which requires an anechoic
chamber.

The introduction of well-defined electrically conducting boundaries in a test fixture would
greatly simplify the measurement procedure. This is possible by application of a coaxial test
setup based on the experience in measuring shielding effectiveness of cables, cable
assemblies and connectors with the standardized shielded triaxial screening effectiveness
test methods [5], [7] and [10] by IEC and CENELEC.

11.2

A crgss-sectional view of the test fixture is shown in Figure 64. The left section represents the
innef area of a shielding box. A signal is fed to the outer conductor of the connector under
test py means of the coaxial line’s inner and outer conductor. The amount of RR\leakagq that
can pe detected on the opposite side of the shielding wall is picked up by thé.Coaxial line to
the rjght. A separate EMI gasket can be tested with the configuration in Figure 64a).

|
Primary circuit Secondary circuit
“inner” circuit , “outer” circuit
Inner —_ g Inner
conductor A conductor
Connector Plug body
Out body Outer
uter —
conductor / I \ conductor
EMI- \ Shielding
gasket wall

a) IEC 3176/13

Gasket under Test

Primary Circuit | % 3 Voltage measurement Secondary Circuit
N\ — ~ J— Inner

Inner
Con ductor\ Currgnflo Conductor
Outer Mounting 3 Outer
Conductor Support (metal) Conductor
/ il N
Mounting Ferrule / N\ Shielding
(plastic) Wall
h\ IEC 3177/13

Figure 64 — Cross-sectional sketch of the test fixture
with a feed-through connector (a) and EMI gasket (b) under test

The test fixture consists of cascaded two-ports formed by a primary and a secondary
transmission line separated with an isolating metallic plate to mount the test objects. The
equivalent circuit of the test fixtures is shown in Figure 65.
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IEC 3178/13

transfer impedance of the device under test

reference impedance (generator and receiver impedance)
current in the primary transmission line

coupled voltage to the secondary circuit

length of the coaxial line section

Figure 65 — Equivalent circuit of the test fixture

e case of a two-port scattering parameter S, or forwardAransfer function measuren
e the two ports of the network analyzer are connected to both coaxial line sections
Jirect measure for the shielding efficiency of a feed-through or EMI gasket tested in
ed circumstances that make repeatable and comparable tests possible.

h equivalent circuit of the measurement of a feed-through or gasket, the tra
dance is shunt impedance Z between the primary and secondary circuit.

fransfer impedance of an electrically.short screen is defined as the quotient of the
it voltage U, induced to the secondary circuit by the current /,; fed into the primary ¢
ce versa. Z; of an electrically “short screen is expressed in ohms [Q] or decibe]
onto1Q.

ational (Betriebs) trafsfer function in the forward direction Hg,q or the for
ational (Betriebs) scattering parameter S, of a two-port (see Figure 66) is defined a

Vol _2U: |24 _
Vig=0 El ZB B21

e Vi and V,, are the square roots of incident (unreflected) and reflected complex p

wave

hent,
So1
well-

hsfer

bpen
rcuit
Is in

ward

82)

pwer

s.dt-port 1, and V), and V|, are those at port 2. See Annex C of IEC TR 62152:2009.
Za I I ZB
o——— ——<—o0
£ U Zi —» Two-port «— Z; |U, E,
O O O e
Vi,]’\/\/\/\—b W Vi2
Vr1 W ’\/\/\/\—erz

IEC 3179/13

Figure 66 —Two-port network
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