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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC-COMMUNICATION CABLES
AND OTHER PASSIVE COMPONENTS -
TEST METHODS -

Part 4-8: Electromagnetic compatibility (EMC) —

Capacitive coupling admittance

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of *IEC is to pro
ternational co-operation on all questions concerning standardization in the electrical and’ electronic field
his end and in addition to other activities, IEC publishes International Standards, [Pechnical Specificat]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. Interfational, governmental and

overnmental organizations liaising with the IEC also participate in this pfeparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance with conditions determine|
greement between the two organizations.

© = T = Q

onsensus of opinion on the relevant subjects since each techhical committee has representation fro

e
Tlhe formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat]
le
interested IEC National Committees.

IEC Publications have the form of recommendations for 4ntérnational use and are accepted by IEC Natf]
Gommittees in that sense. While all reasonable efforts;are made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for|
misinterpretation by any end user.

Ip order to promote international uniformity, IEC“\National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible ‘in their national and regional publications. Any diverg
Hetween any IEC Publication and the correspending national or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confo
jzsessment services and, in somg, areas, access to IEC marks of conformity. IEC is not responsible fof
rvices carried out by independent.Certification bodies.

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

A
N

members of its technical.committees and IEC National Committees for any personal injury, property dama
dther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
gxpenses arising ouf of the publication, use of, or reliance upon, this IEC Publication or any other
Hublications.

A
i

ttention is_drawn to the Normative references cited in this publication. Use of the referenced publicatio
indispensable for the correct application of this publication.

Y

ttention\is drawn to the possibility that some of the elements of this IEC Publication may be the subje

sing
mote
. To
ons,
“IEC
sted
non-
sely
0 by

onal
n all

onal
IEC
any

ions
ence
bd in

mity
any

o liability shall attach te IEC or its directors, employees, servants or agents including individual expertq and

e or
and
IEC

hs is

ct of

p]atent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62153-4-8 has been prepared by IEC technical committee 46:
Cables, wires, waveguides, RF connectors, RF and microwave passive components and
accessories.

This second edition cancels and replaces the first edition published in 2006. This edition

con

stitutes a technical revision.

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

This
edit

a)

b)
The

Full
the

Thig

A li
pas

The]
stah
the

edition includes the following significant technical changes with respect to the prev
on:

use of the triaxial set-up in a similar manner as for the measurement of the tran
impedance (see IEC 62153-4-3),

use of vector network analyser instead of capacitance bridge or pulse génerator.

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

FDIS Report on voting
46/684/FDIS 46/690/RVD

information on the voting for the approval of this International Standard can be foun
report on voting indicated in the above table.

document has been drafted in accordance with‘the ISO/IEC Directives, Part 2.

5t of all parts of the IEC 62153 series,-under the general title: Metallic cables and o
sive components — Test methods, can be found on the IEC website.

committee has decided that the-eontents of this document will remain unchanged until
ility date indicated on the IEC ‘website under "http://webstore.iec.ch” in the data relate
specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

ous

sfer

ther

the
d to

IMP

ORTANT — The 'colour inside' logo on the cover page of this publication indica

les

tha

it confains 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 CABLES
AND OTHER PASSIVE COMPONENTS -
TEST METHODS -

Part 4-8: Electromagnetic compatibility (EMC) —
Capacitive coupling admittance

Thig
for

imp
for

neg
cou
cap

The]
con
cite
any

m
@)

Scope

part of IEC 62153-appliesto-metaliccommunications—ecables—t specifies a'test mef
boitance—using-eithera—capacitance bridge—or-by-apulsemethod the capacitive coup

the measurement of the transfer impedance (see IEC 62153-4-3)¥*Most cables R
igible capacitive coupling; however, in the case of cables with{loase single-braids,
bling through the holes in the screen shall be determined by “the measurement of
bcitive coupling admittance.

Normative references

following documents are referred to in the text in" such a way that some or all of t]

amendments) applies.

ent constitutes requirements of this document. For dated references, only the editi
d applies. For undated references, the latest-edition of the referenced document (includli

hod

determining the capacitive coupling admittance—by—the—measuremeft—of—through

ling

bdance and the coupling capacitance by the use of a triaxial set-up in_a'similar mannef as

ave
the
the

m
[(p]

62153-4-3, Metallic communication cable test methods — Part 4-3: Electromagn
patibility (EMC) — Surface transfer impedance — Triaxial method

Terms and definitions

etic

[Nl e S AV aVal Y

For't

LT pPpurpuscco UI llllb UUbuIIIUIIl l.IIU IUIIUVVIIIH lUIIlIb dllu UUIIIIILIUIIb \dlvvn H o OUUoU

HEC-61196-4-andHEC-62153-4-1—aswell-as-thefollewing apply.

726.

ISO and IEC maintain terminological databases for use in standardization at the following

add

resses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp.
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3.1
inner circuit
circuit consisting of the screens and the conductor(s) of the test specimen

Note 1 to entry: Quantities relating to the inner circuit are denoted by the subscript “1”. See Figure 1 and
Figure 2.

3.2
outer circuit
circuit consisting of the screen surface and the inner surface of a surrounding test jig

Note] 1 to entry: Quantities relating to the outer circuit are denoted by the subscript “2”. See Figurey1|and

Figufe 2.

9 Q}/
3.3 %
transfer impedance N
77 ‘19
quofient of the longitudinal voltage induced in the matched outer circui formed by|the
scrgen under test and the measuring jig — and the current fed into thewner circuit or yice

verga (see Figure 1) (003’

Y
A\®$ IEC
Key \O
Z, 4, characteristic impedanci&e inner and the outer circuits
u, v, voltages in the inner‘qn the outer circuits (n: near end, f: far end)
1 current in the j circuit (n: near end, f: far end)
/ length o@e@able, respectively the length of the screen under test

A wavcgmh in free space

Uy
Zr =—*= (1)
\@ L7
where
Z: is the transfer impedance;
U, is the voltage in the inner and the outer circuits (n: near end, f: far end);
1 is the current in the inner circuit (n: near end, f: far end).

Figure 1 — Definition of Z;

Note 1 to entry: Transfer impedance is expressed in mQ/m.
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3.4

capacitive coupling impedance

ZF

quotient of twice the voltage induced to the terminating impedance Z, of the matched outer
circuit by a current 7, fed (without returning over the screen) to the inner circuit and the
current 7, or vice versa (see Figure 2)

[2n

IEC
Key
Z, 4, characteristic impedance of the inner and the outer circuits 5\\
u, v, voltages in the inner and the outer circuits (n: near en Qfar end)
1, 1 current in the inner and the outer circuits (n: near. eQ : far end)
/ length of the cable, respectively the length of &‘Q&creen under test
A wavelength in free space \‘S\
L, 4z D
2 2f .
n A\Q)
Uin T Ut (®)
X
Ly {1y = (112) x 1, = 12 . (\}*
o
Iy = fon + Iy
@ Usn +U 2U .
@. Iy I
wherte Q
Ze @e capacitive coupling impedance;
Zy, 4 Q/ the characteristic impedance of the inner and the outer circuits;
U2 is the \/nl’rnnn inthe auter circuit (n: nearend f: far end):
1 is the current in the inner circuit (n: near end, f: far end);
C-|- is the coupling capacitance.
Figure 2 — Definition of Z
Note 1 to entry: Capacitive coupling impedance is expressed in mQ/m.

Note 2 to entry:

For multiconductor cables, the inner conductors are shorted together.

Note 3 to entry: The coupling capacitance Ct is dependent on the dielectric permittivity and geometry of the outer
circuit, whereas the capacitive coupling impedance is invariant with respect to the geometry of the outer circuit and

nearly

invariant with respect to the dielectric permittivity.
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o Aoz 5

Zp =Z1Z3 joCt = joCt

Cicp Caco
where
Z is the capacitive coupling impedance;
Cr is the coupling capacitance;
w is the circular frequency;
< is the speed of light, 3 x 108m/s;
£y is the relative dielectric permittivity of the inner circuit (CUT);
Ep is the relative dielectric permittivity of the outer circuit (tube);
Z, is the impedance of the inner circuit (CUT);
Z, is the impedance of the outer circuit (tube);
C, is the capacitance of the inner circuit (CUT);
c, is the capacitance of the outer circuit (tube).
c.C NERY Jeére
As C1 oo —12  5ne gets Zg o ﬁ; and M2 0,5 for relative  dielectric permittivity il the
&t é&r2 &t &r2 &1t é&r2

innef and outer circuit in the range from 1 to 3.

3.5
capjacitive coupling admittance
Ye
quotient of the current induced in the secondary (innef) circuit to the voltage developmer
the jprimary (outer) circuit. For electrically short uniform cables

—

in

3.6

effdctive transfer impedance

Z1E
majximum absolytewvalue of the sum or difference of the Zg and Zt at every frequency

ZTE =max|Z|: iZT| (5)

Notel ™\{o”entry: The effective transfer impedance is expressed in Q.

3.7
effective transfer impedance related to a reference impedance of 1 Q

Z1E
maximum absolute value of the sum or difference of the Zg and Z; at every frequency

expressed in dB (Q)

|Z1e|

ZTE =+20x |Og10
ZT,ref

where
Z7 ref is the reference transfer impedance with a value of 1 Q
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The effective transfer impedance is expressed in dB (Q).

Note 1 to entry:

3.8

coupling length

L

[

length of cable which is inside the test jig, i.e. the length of the screen under test

3.9

cut-off frequency

maximum frequency up to which the capacitive coupling admittance can be measured

i

hf o
pi—a

Zg = joC1Z1Zg2

tHT—tCot—oattipie 1o

COMTOOCto (oot

Tt

annaratus is of tha “trinle coaxial” fn:@ The inner conductor(s) of the tecst samnl

X\~

oo

&y

or hv means
The tast samnla is coaviallvy mounted incside 5 ltact

dice connected to the cecreen
ar—aHSC—cohhectea—tothe—Ssereeh—ot

o
<

e St-Sapre 1S CoaxXxianry-—moutea1HhSiGeatesSt
aither 3 metal tubhe or is formed-bv - annlvinag 5

HY O O T A T oo PO TOr U o Yy ap Pty g =

o
m-
. w m..ﬂ.b.. s
qQ mw s
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D O O @
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o+ P
D P + d
t ¢ T O 9
P L P
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r m“ D
F |.mn (o)
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S E 5T
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Outer coaxial system Screen under test Inner coaxial system
I
%ﬁ . ]
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hat
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tHe
ant

Oscilloscope

V2

Braid

IEC 1969/06

Pulse
generator

Screen outer conductor

termination

IEC 1970/06

o _ansura
tO—CHSute

and 5 m
G

lanath- of between 0 5 m

hava 4

chall

under
tHGEeH

coraan
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o1
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6.2

Th r(éaellrihn circuit is not terminated-in-ite characteristic imnedance at either end solthe

11T
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H
I

Pulse Oscilloscope
generator

o ____
Connecting cable ] A

Q
‘v
Sel d
rggztor

IEC 1971/06

P
I
(0]

defi
circ

!

The t%/v{ﬁtermines the screening effectiveness of a shielded cable by applying a V

Ee\ oltage to the screen of the cable and measuring the induced voltage in a seconﬂi

ell-
ary
the

electrostatic component of the effective transfer impedance Z;g. To measure the magnetic
component (the surface transfer impedance), the method described in IEC 62153-4-3 shall be

use

5

5.1

d.

Test method

General

If not otherwise specified, the measurements shall be carried out at the temperature of

(23

+3) °C.
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018

The test method determines the capacitive coupling admittance of a cable screen by
measuring the cable in a triaxial test set-up. A test configuration with an open circuit in the
inner and outer circuit shall be used. This emphasizes the capacitive coupling compared to
the magnetic coupling and results in a 6 dB higher signal compared to a configuration where

the

inner circuit is matched.

The test results are valid in a frequency range up to about 25 MHz, see 5.2. The coupling
capacitance Cy is independent on the frequency. Therefore for frequencies above the cut-off
frequency, the test results of the capacitive coupling admittance can be extrapolated with
20 dB/decade, see 3.5.

5.2| Cut-off frequency A
Q7
Thel| cut-off frequency length product is roughly: %
N
X
1 co (b’,
fcut xlz—z— P
& térp 4T b‘
(b/
2
whdre ('1/
©
[ is the coupling length of the cable under test; {(/C)
¢o | is the speed of light, 3 x 108m/s; \\
&4 | is the relative dielectric permittivity of the inner %Qt (CUT);
&o | is the relative dielectric permittivity of the ou rcuit (tube).
l.e.|for a coupling length of 1 m and dieleq@permittivities of 2,3 and 1,1 in the iy
respectively outer circuit, the maximum fr%u ncy for the measurement of the capac
coupling admittance is 25 MHz. \‘g\

Andther way to obtain the cut-off fre ’h@ncy is to observe the phase of the capacitive coup

adn
The

5.3
The]

5.4
The]

5.5

ittance respectively measureg~forward transmission scattering parameter S,,, see
cut-off frequency is reachegr en the phase starts to deviate from 90 degrees.

QS
N
Test equipment C)\

measurement s@e performed using a vector network analyser.

Couplin@%th

coupli ngth shall be not shorter than 0,5 m and not longer than 1,0 m.

\Q/gﬁ'lple preparation

ner
tive

ling
5.8.

The

test sample shall have a length not more than 50 % longer than the coupling length.

Coaxial cables are prepared as shown in Figure 3.


https://iecnorm.com/api/?name=6c942c449a633d202eeab4f1e13f8395

IEC

Ong end of the coaxial cable is prepared with a connector to make-a connection to

rec
ope

unwanted coupling into the tube, the exceeding length outside theJtube shall be screened

an
met

All

of the sample preparation is negligible compared to-the test results.

Scr
the
incl
end
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Additional screening of
the cable extension

Screening cap

Cable screen "
= XO00OOOOKKKKKKK XXX XXX XXX XXX XXX XXX
EN
7 | §
P.0.0000.000000000 00000 0000000660.94
1 \
Connector Open circuit o

Figure 3 — Preparation of test sample for coaxial cables

iver. The other end of the coaxial cable is prepared with a well sérgened open circuit.

the
The

circuit shall be made in a way resulting in a small stray\capacitance. To minimize

al foil with minimum 20 % overlap around the cable screefy).

tonnections shall be made RF tight and with low RE-contact resistance so that the im

bened symmetrical cables are treated as a<gUasi coaxial system, see Figure 4. There
conductors of all pairs/quads shall he@onnected together at both ends. All scre

5. The screens shall be connected over the whole circumference.

Additional screening.of
the cable extension

Screening cap
Cable screen " 1
T TRBOOOKKKKKK XXX KKK XXX XXX XXX XXX

= N
ASS

— "

i0,9,9,9,0,0,0,0,0,0,9,0,0,0,0,9,0,0,0,9,0,0,¢,0,0,9,0,0,0,0,0,¢,9,

vith

dditional tight screen, which shall be in contact with the cable screen (e.g. by wrapping a

bact

fore
Ens,

iding those of individually screened "pairs/quads, shall be connected together at both

5.6

Open circuit

Connector IEC

Figure 4 — Preparation of test sample for symmetrical cables

Test set-up

The test sample shall be fitted to the test set-up. The test set-up is an apparatus of a triple
coaxial form. The cable screen forms both the outer conductor of the inner circuit and the

inner conductor of the outer circuit.

The outer conductor of the outer circuit is a well

conductive tube of non-ferromagnetic metal (for example brass, copper or aluminium) with an
open-circuit to the screen on the receiver side of the cable (see Figure 5). The test sample
shall be well centered in the tube.
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Cable screen undertest
Non-
conductive Cable sheath Triaxial tube
cable clamp
Connectionto Connectionto
receiver generator
Additional Qy
screening of Screening Q%o
the cable ) Couplinglength | Q
extension b ] Open circuit (1/
, IEC
X
Figure 5 — Triaxial set-up (003
Dug to the open circuit in the outer circuit (tube), external dlsturtfél’may couple into the tlibe.
Thefrefore the generator signal is feeding the outer circuit (tu ()')guaranteemg a high signal to
noige ratio. The coupled signal is measured in the inner uit (cable), see Figure 6. [The
conhection from the triaxial set-up to the vector networb“enalyzer (VNA) shall be done ith
well screened cables, e.g. double braided cables, ha a screening attenuation of minimum
80 dB up to 1 GHz and a transfer impedance aX|mum 10 mQ/m at 100 MHz. [The
conhecting cables shall be as short as possible. The use of ferrites on the connecting cables

is recommended in order to suppress resonan@fects.

E\\) n

onn %to port 1
oft

Connectionto port 2 of the VNA

noooooaooE)

=€

Figure 6 — Connection to the vector network analyzer

5.7 Calibration procedure

The calibration shall be established at the same frequency points at which the measurement
of the transfer impedance is done, i.e. in a logarithmic frequency sweep over the whole

frequency range, which is specified for the capacitive coupling admittance.

A full two-port calibration — including isolation — shall be established including the connecting

cables used to connect the test set-up to the test equipment. The reference planes for

the

calibration are the connector interface of the connecting cables. Further details on how to

perform a full two port calibration are found in the manual of the vector network analyzer.
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5.8 Measuring procedure

The outer circuit (tube) of the triaxial set-up shall be connected to port 1 of the VNA. The
inner circuit (sample) shall be connected to port 2 of the VNA, see Figure 6. The connection
to the VNA shall be done with the same cables as used during the calibration, see 5.6 and

5.7.

The forward transmission scattering parameter S,; shall be measured in a logarithmic
frequency sweep over the whole frequency range, which is specified for the capacitive

coupling admittance and at the same frequency points as for the calibration procedure:

/B

whdre qu/Q
P, is the fictive unreflected power fed to outer circuit; b(
P, | is the power in the inner circuit. (003'
N
5.9| Evaluation of test results (-0‘1,

5.911 General \<</C)

The] conversion from the measured attenuation to the ca itive coupling admittance is g

by the following formulae:

L
Y

NI
1 5\0 _ 9meas
e|= 10 20
otk

N

R
AV Zp =Z4Z,07

\O
(, Ct = I
N T [0)

-

whdre O®
Yo is the$g-ﬁve coupling admittance;

P,
dmeas = 201091 [ﬂl =-20logyq (821) Qy

Zg is the acitive coupling impedance;

Z4 is mpedance of the inner circuit;

Zy é.lhe impedance of the outer circuit;

Ct N ts—Hre-couptng-capacHHanee;

Zy is the system impedance (in general 50 Q);
L. is the coupling length;

a is the attenuation measured at the measuring procedure;

meas
W is the circular frequency.

ven

10)

11)
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.2 Test report

test report shall conclude if the requirements of the relevant cable specificationrare
include:

graph with logarithmic frequency scale of the magnitude (in dB) of the m(eg;'hred forw
fransmission scattering parameter Sy. .

graph with logarithmic frequency scale of the phase (in degree) of tm\(measured forw
ransmission scattering parameter S .

graph with double logarithmic scale of the derived capacitive ¢ <?19 admittance Y.
graph with double logarithmic scale of the derived capacitiv gbuplmg impedance Z.
graph with double logarithmic scale of the derived coupl\ apacitance Cr.

balue of the impedance and capacitance of the |nner outer circuit;
Value of the coupling length. QQ

met

ard

ard
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC CABLES AND OTHER PASSIVE COMPONENTS -
TEST METHODS -

Part 4-8: Electromagnetic compatibility (EMC) —
Capacitive coupling admittance

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of JIEC is to promote
ternational co-operation on all questions concerning standardization in the electrical and)electronic field$. To
his end and in addition to other activities, IEC publishes International Standards, {Té€chnical Specificat|ons,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as [‘IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC {National Committee intergsted

the subject dealt with may participate in this preparatory work. Interpational, governmental and [non-
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely
ith the International Organization for Standardization (ISO) in accordanee with conditions determinefl by
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express| as nearly as possible, an internatjonal
onsensus of opinion on the relevant subjects since each technical committee has representation fropn all
terested IEC National Committees.

=0 1 QO < © = T8 = Q

IEC Publications have the form of recommendations for international use and are accepted by IEC Natjonal
CGommittees in that sense. While all reasonable efforts ar€ made to ensure that the technical content of] IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
misinterpretation by any end user.

Ih order to promote international uniformity, IEG.National Committees undertake to apply IEC Publications
tfansparently to the maximum extent possible\in their national and regional publications. Any divergpnce
between any IEC Publication and the correspanding national or regional publication shall be clearly indicatgd in
the latter.

al
-

FC itself does not provide any attestation of conformity. Independent certification bodies provide confofmity
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any
services carried out by independent-certification bodies.

Q

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

o liability shall attach to IEC or its directors, employees, servants or agents including individual experts| and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)| and
xpenses arising put-of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications.

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatiops is
dispensabtle for the correct application of this publication.

= T 0 0O J =z I

9) Attentions drawn to the possibility that some of the elements of this IEC Publication may be the subject of

atent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ol ~3
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Cables, wires, waveguides, RF connectors, RF and microwave passive components and
accessories.

o2 4 O L b, Al [l S o [l HY Y 46
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This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.

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

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


https://iecnorm.com/api/?name=6c942c449a633d202eeab4f1e13f8395

-4 - IEC 62153-4-8:2018 © IEC 2018

a) use of the triaxial set-up in a similar manner as for the measurement of the transfer
impedance (see IEC 62153-4-3),

b) use of vector network analyser instead of capacitance bridge or pulse generator.

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

46/684/FDIS 46/690/RVD
Full information on the voting for the approval of this International Standard can be found in
the feport on voting indicated in the above table.
Thig document has been drafted in accordance with the ISO/IEC Directives, Part 2:
A ligt of all parts of the IEC 62153 series, under the general title: Metallic tables and ofher
paspive components — Test methods, can be found on the IEC website.
Thel committee has decided that the contents of this document will remrain unchanged until| the
stabhility date indicated on the IEC website under "http://webstore.iec:ch” in the data related to
the [specific document. At this date, the document will be
e feconfirmed,
e withdrawn,
e feplaced by a revised edition, or
e pamended.
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 CABLES AND OTHER PASSIVE COMPONENTS -
TEST METHODS -

Part 4-8: Electromagnetic compatibility (EMC) —
Capacitive coupling admittance

Thig
adn
tria

IEC
cab

det¢rmined by the measurement of the capacitive coupling admittance.

The]
con
cite
any

IEC
con

For

ISO|
add

3.1

inner circuit

cope
part of IEC 62153 specifies a test method for determining the capacitive/eoup

ial set-up in a similar manner as for the measurement of the transfer impedance

es with loose single-braids, the coupling through the holes in theOscreen shall

Normative references

following documents are referred to in the text in such/a way that some or all of t]
ent constitutes requirements of this document. For>*dated references, only the ed

amendments) applies.

62153-4-3, Metallic communication cable~test methods — Part 4-3: Electromagn
patibility (EMC) — Surface transfer impedance — Triaxial method

Terms and definitions

the purposes of this document;-the following terms and definitions apply.

Fesses:

EC Electropedia; available at http://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp.

circpit consisting of the screens and the conductor(s) of the test specimen

Note 1 to entry: Quantities relating to the inner circuit are denoted by the subscript “1”. See Figure 1
Figure 2.

3.2

outer circuit
circuit consisting of the screen surface and the inner surface of a surrounding test jig

Note

1 to entry: Quantities relating to the outer circuit are denoted by the subscript “2”. See Figure 1

Figure 2.

ling

ittance, the capacitive coupling impedance and the coupling capacitance by the use pf a

see

62153-4-3). Most cables have negligible capacitive coupling; however, |in the cas¢ of

be

heir
tion

d applies. For undated references, the latest edition,of‘the referenced document (includling

etic

and |IEC maintain terminological databases for use in standardization at the following

and

and


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=6c942c449a633d202eeab4f1e13f8395

-6 - IEC 62153-4-8:2018 © IEC 2018

3.3

transfer impedance

Z7

quotient of the longitudinal voltage induced in the matched outer circuit — formed by the
screen under test and the measuring jig — and the current fed into the inner circuit or vice
versa (see Figure 1)

IEC
Key
Z,, 4, characteristic impedance of the inner and the outer circuits
u, b, voltages in the inner and the outer circuits (n: near end, f: far\end)
1 current in the inner circuit (n: near end, f: far end)
! length of the cable, respectively the length of thescreen under test
A wavelength in free space
Uz
Zr - (1)
14
whete
Z; is the transfer impedancé;
U, is the voltage in the inner and the outer circuits (n: near end, f: far end);
1 is the current in theiinner circuit (n: near end, f: far end).

Figure 1 — Definition of Z;

Notel 1 to entry: S Fransfer impedance is expressed in mQ/m.

3.4
caplacitive coupling impedance
P

quotient of twice the voltage induced to the terminating impedance Z, of the matched outer
circuit by a current I, fed (without returning over the screen) to the inner circuit and the
current 7, or vice versa (see Figure 2)
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IEC
Key
Zy, 4, characteristic impedance of the inner and the outer circuits
u, b, voltages in the inner and the outer circuits (n: near end, f: far end)
1y, 1 current in the inner and the outer circuits (n: near end, f: far end)
! length of the cable, respectively the length of the screen under test
A wavelength in free space
Lon 3|1y
Uin T Uss
Ly, ALy = (112) x I, = 1,/2
Iy = fon + Iy
Uon &U 2U
ZF = 20 2f = 2f =Z1Zz ><ij-|-
14 14
whete
Ze is the capacitive coupling'impedance;
Zy, 4, is the characteristic impedance of the inner and the outer circuits;
U, is the voltage imthe outer circuit (n: near end, f: far end);
1 is the current in the inner circuit (n: near end, f: far end);
C-|- is the eoupling capacitance.
Figure 2 — Definition of Z
Notel 1\t0"entry: Capacitive coupling impedance is expressed in mQ/m.
Note 2 to entry: For multiconductor cables, the inner conductors are shorted together.
Note 3 to entry: The coupling capacitance Ct is dependent on the dielectric permittivity and geometry of the outer

circuit, whereas the capacitive coupling impedance is invariant with respect to the geometry of the outer circuit and
nearly invariant with respect to the dielectric permittivity.

1[8 w/&‘
ZF =Z1sza)CT =ja)CT _r1_rZ

Cieo Caco
where
Ze is the capacitive coupling impedance;
Cr is the coupling capacitance;
w is the circular frequency;

(3)
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is the speed of light, 3 x 108m/s;

C
0
1 is the relative dielectric permittivity of the inner circuit (CUT);
En is the relative dielectric permittivity of the outer circuit (tube);
Z, is the impedance of the inner circuit (CUT);
Z, is the impedance of the outer circuit (tube);
C, is the capacitance of the inner circuit (CUT);
c, is the capacitance of the outer circuit (tube).
cC A EME NEME
As Ct oo 12 one gets Zgp oc#; and &z0,5 for relative dielectric_permittivity in the
€1t &r2 &1t ér2 &1t ér2
innef and outer circuit in the range from 1 to 3.
3.5
caplacitive coupling admittance
Ye
quotient of the current induced in the secondary (inner) circuit to the voltage development in
the jprimary (outer) circuit. For electrically short uniform cables
YC :ja)CT (4)
3.6
effective transfer impedance
Zrg| _
maximum absolute value of the sum or difference ofjthe Zr and Zt at every frequency
ZTE = max|Z|: iZT| (5)
Notel 1 to entry: The effective transfer impedance’is expressed in Q.
3.7
effdctive transfer impedance related to a reference impedance of 1 Q
Z1E| _
ma)imum absolute value (0f the sum or difference of the Zgr and Z; at every frequgncy
explessed in dB (Q)
Z
ZTE =+20><|Og10 ﬂ (6)
ZT,ref
whdre
Z1 bt is the reference transfer impedance with a value of 1 Q
Note 1 to entry: The effective transfer impedance is expressed in dB (Q).
3.8
coupling length
L

Cc
length of cable which is inside the test jig, i.e. the length of the screen under test

3.9

cut-off frequency
maximum frequency up to which the capacitive coupling admittance can be measured
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Principle

The test determines the screening effectiveness of a shielded cable by applying a well-
defined voltage to the screen of the cable and measuring the induced voltage in a secondary
circuit in order to determine the capacitive coupling admittance. This test measures only the
electrostatic component of the effective transfer impedance Z;g. To measure the magnetic
component (the surface transfer impedance), the method described in IEC 62153-4-3 shall be

used.

5 Test method

51| General

If njot otherwise specified, the measurements shall be carried out at the temperature of
(23 3) °C.

The| test method determines the capacitive coupling admittance of \a cable screen| by
megdsuring the cable in a triaxial test set-up. A test configuration with”an open circuit in|the
inngr and outer circuit shall be used. This emphasizes the capacitive coupling comparefl to

the
the

The
cap
freq
20 ¢

5.2

The

wheg

/
o
&r1
&r2

l.e.

magnetic coupling and results in a 6 dB higher signal compared to a configuration wk
nner circuit is matched.

test results are valid in a frequency range up to abeut 25 MHz, see 5.2. The coup
Acitance Ct is independent on the frequency. Therefore for frequencies above the cu
uency, the test results of the capacitive coupling*admittance can be extrapolated
B/decade, see 3.5.

Cut-off frequency
cut-off frequency length product is roughly:
1<

Jeut X1 ®———=
& +ép 2T

re

is the coupling\length of the cable under test;
is the speed. of light, 3 x 108m/s;
is the refative dielectric permittivity of the inner circuit (CUT);

is therelative dielectric permittivity of the outer circuit (tube).

for“a coupling length of 1 m and dielectric permittivities of 2,3 and 1,1 in the i

ere

ling
-off
with

ner

respectively outer circuit, the maximum frequency for the measurement of the capac

coupling admittance is 25 MHz.

tive

Another way to obtain the cut-off frequency is to observe the phase of the capacitive coupling
admittance respectively measured forward transmission scattering parameter S,,, see 5.8.

The

5.3

The

54

The

cut-off frequency is reached when the phase starts to deviate from 90 degrees.

Test equipment
measurement shall be performed using a vector network analyser.
Coupling length

coupling length shall be not shorter than 0,5 m and not longer than 1,0 m.
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5.5 Sample preparation

The test sample shall have a length not more than 50 % longer than the coupling length.

Coaxial cables are prepared as shown in Figure 3.

Additional screening of
the cable extension

\ Screening cap

Cable screen .
PO 0000000000000 000000000000000004

hY
P4
DOOOOKIOOOKXKXEXXX XXX XXX XXX

Connector Openeircuit o

Figure 3 — Preparation of test sample for.coaxial cables

Ong end of the coaxial cable is prepared with a connector to make a connection to|the
recgiver. The other end of the coaxial cable is prepared with a well screened open circuit. [The
opeh circuit shall be made in a way resulting in)a’ small stray capacitance. To minimize
unwanted coupling into the tube, the exceeding léngth outside the tube shall be screened with
an additional tight screen, which shall be in contact with the cable screen (e.g. by wrapping a
metal foil with minimum 20 % overlap aroundithe cable screen).

All ¢connections shall be made RF tight:and with low RF-contact resistance so that the impact
of the sample preparation is negligible~xcompared to the test results.

Scréened symmetrical cables are treated as a quasi coaxial system, see Figure 4. Therefore
the [conductors of all pairs/quads shall be connected together at both ends. All screéns,
including those of individually screened pairs/quads, shall be connected together at both
endk. The screens shallbe connected over the whole circumference.

Addijtional screening of
the cable extension

Screening cap

Cable screen "
= OVOOOXKOKK XXX KKK XXX XXX XXX XXX

= N
A —

i9,9.9,9,0,0.0,9,0.9,9,0.0,0,9.0.¢.0,0.9,¢,0,¢,$,0.9,9,0,¢,0,9.9,9.4

Connector Open circuit e

Figure 4 — Preparation of test sample for symmetrical cables
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Test set-up

The test sample shall be fitted to the test set-up. The test set-up is an apparatus of a triple
coaxial form. The cable screen forms both the outer conductor of the inner circuit and the

inner conductor of the outer circuit.

The outer conductor of the outer circuit is a well

conductive tube of non-ferromagnetic metal (for example brass, copper or aluminium) with an
open-circuit to the screen on the receiver side of the cable (see Figure 5). The test sample
shall be well centered in the tube.

Cable screen undertest
Non— ,

C
re

Dudg
The]
Nois
con
wel
80 ¢
con
iS ré

conductive
cable clamp

.

commended in order to-suppress resonance effects.

Cable sheath Triaxial tube

refore the generator signal is feeding.the outer circuit (tube), guaranteeing a high sign
e ratio. The coupled signal is mgasured in the inner circuit (cable), see Figure 6.
hection from the triaxial set-up te the vector network analyzer (VNA) shall be done
screened cables, e.g. double'braided cables, having a screening attenuation of minin
B up to 1 GHz and a transfer impedance of maximum 10 mQ/m at 100 MHz.

hecting cables shall be,as short as possible. The use of ferrites on the connecting ca

IEC

bnnection to Connectionto
ceiver / generator

Additional i

screening of Screening cap

the cable Couplinglength

extension b e Open circuit

Figure 5 — Triaxial set-up

to the open circuit in the outer circuit (tube), external disturbers may couple into the t

be.
| to
The
with
hum
The
Dles

Connectionto port1 L Connectionto port 2 of the VNA
ofthe VNA

\__I

—— -AQOOOAO AT

Figure 6 — Connection to the vector network analyzer

IEC


https://iecnorm.com/api/?name=6c942c449a633d202eeab4f1e13f8395

-12 - IEC 62153-4-8:2018 © IEC 2018

5.7 Calibration procedure

The calibration shall be established at the same frequency points at which the measurement
of the transfer impedance is done, i.e. in a logarithmic frequency sweep over the whole
frequency range, which is specified for the capacitive coupling admittance.

A full two-port calibration — including isolation — shall be established including the connecting
cables used to connect the test set-up to the test equipment. The reference planes for the
calibration are the connector interface of the connecting cables. Further details on how to
perform a full two port calibration are found in the manual of the vector network analyzer.

5.8 Measuring procedure

The| outer circuit (tube) of the triaxial set-up shall be connected to port 1 of the VINA. [The
inngr circuit (sample) shall be connected to port 2 of the VNA, see Figure 6. The'connegtion
to the VNA shall be done with the same cables as used during the calibration,) see 5.6 jand
5.7.

The| forward transmission scattering parameter S,, shall be meaSured in a logarithmic
frequency sweep over the whole frequency range, which is specified for the capacitive
coupling admittance and at the same frequency points as for the galibration procedure:

Iz
dmeas = 2010g40 (%J = —20log;p (S21) (8)
2

whgre
P, | is the fictive unreflected power fed to outer-circuit,
P, | is the power in the inner circuit.

5.9 Evaluation of test results
5.91 General

The| conversion from the measured attenuation to the capacitive coupling admittance is glven
by the following formulae:

1 _ 9meas
Yo|= 10 20 9
Yel=2—1 (9)
Zp =Z4ZoY7 10)
Y-
e, =l (11)
[0
where
Ye is the capacitive coupling admittance;
Zg is the capacitive coupling impedance;
Z4 is the impedance of the inner circuit;
Zy is the impedance of the outer circuit;
Ct is the coupling capacitance;

Zy is the system impedance (in general 50 Q);
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L is the coupling length;
ameas IS the attenuation measured at the measuring procedure;
® is the circular frequency.

5.9.2 Test report

The test report shall conclude if the requirements of the relevant cable specification are met
and include:

a) graph with logarithmic frequency scale of the magnitude (in dB) of the measured forward
transmission scattering parameter S, ;.

b) graph with logarithmic frequency scale of the phase (in degree) of the measured forward
ransmission scattering parameter S .

c) graph with double logarithmic scale of the derived capacitive coupling admittan¢e Y.
d) graph with double logarithmic scale of the derived capacitive coupling impedance Z.
e) graph with double logarithmic scale of the derived coupling capacitance’Cy.

f) palue of the impedance and capacitance of the inner and outer circuit;

g) Value of the coupling length.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES METALLIQUES ET AUTRES COMPOSANTS PASSIFS -
METHODES D’ESSAI -

Partie 4-8: Compatibilité électromagnétique (CEM) —
Admittance de couplage capacitif

AVANT-PROPOS

1) Ua Commission Electrotechnique Internationale (IEC) est une organisation mondiale {\de normalisgtion
gomposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de'I'lEC). L'IEC a |pour
dbjet de favoriser la coopération internationale pour toutes les questions de normalisation‘dans les domgines
de I'électricité et de I'électronique. A cet effet, '|EC — entre autres activités\~ publie des Nofmes
ipternationales, des Spécifications techniques, des Rapports techniques, des Spgcifications accessiblep au
dublic (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & des
gomités d'études, aux travaux desquels tout Comité national intéressé par le 'sujet traité peut participer| Les
drganisations internationales, gouvernementales et non gouvernementales;. en liaison avec I'lEC, partic|pent
dgalement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I[SO),
selon des conditions fixées par accord entre les deux organisations.

2) Ues décisions ou accords officiels de I'lEC concernant les questions teChniques représentent, dans la mgsure
du possible, un accord international sur les sujets étudiés, étant~donné que les Comités nationaux de |'IEC
intéressés sont représentés dans chaque comité d’études.

3) Ues Publications de I'lEC se présentent sous la forme de,recommandations internationales et sont agrgées
gomme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que |'IEC
sfassure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en-est faite par un quelconque utilisateur final.

4) Dans le but d'encourager l'uniformité internationales’les Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationales

dt régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationalep ou
rggionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) UIEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fpurnissent des services d'évaluatioh’-de conformité et, dans certains secteurs, accédent aux marquep de
gonformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifichation
indépendants.

6) Tous les utilisateurs doivent s‘assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité,.ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaireg3 ou
andataires, y compfis\ses experts particuliers et les membres de ses comités d'études et des Cornités
ationaux de I'lECs pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout qutre

dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les|[frais
de justice) et _les\dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC oju de
tpute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) Uattentioh 'est attirée sur les références normatives citées dans cette publication. L'utilisation de publicafions
reférencées est obligatoire pour une application correcte de la présente publication.

9) attentlon est attirée sur Ie fait que certalns des éléments de la présente Publlcatlon de IIEC peuvent faire
roits

de brevets et de ne pas avoir S|gnale Ieur existence.

La Norme internationale IEC 62153-4-8 a été établie par le comité d'études 46 de I'lEC:
Cébles, fils, guides d'ondes, connecteurs, composants passifs pour micro-onde et
accessoires.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2006. Cette édition
constitue une révision technique.

Les futures normes de cette série porteront dorénavant le nouveau titre général cité
ci-dessus. Le titre des normes existant déja dans cette série sera mis a jour lors de la
prochaine édition.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)

I'utilisation d’un montage triaxial similaire a celui utilisé pour le mesurage de I'impédance

de transfert (voir '|EC 62153-4-3),

I'utilisation d’un analyseur de réseau vectoriel en lieu et place d'un pont capacitif ou d’un

générateur d'impulsions.

Le texte de cette Norme internationale est issu des documents suivants:

EDIS Rapport de vote

46/684/FDIS 46/690/RVD

Le napport de vote indiqué dans le tableau ci-dessus donne toute information surié-vote ayant
aboputi a I'approbation de cette Norme internationale.

Ce focument a été rédigé selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la série IEC 62153, publiées sous-le titre général: Cébples
métalliques et autres composants passifs — Méthodes d’essai, peut’ étre consultée sur le [site
well de I'lEC.

Le tomité a décidé que le contenu de ce document ne<sera pas modifié avant la datqd de
stahilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives au document recherché. A cette date, le document sera

e feconduit,

e Bupprimé,

e [emplacé par une édition révisée, ou

e Bmendé.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cefte

pub
un
im

bonne compréhénsion de son contenu. Les utilisateurs devraient, par conséque
rimer cette publication en utilisant une imprimante couleur.

lication indique qu'élle contient des couleurs qui sont considérées comme utiles a

nt,
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CABLES METALLIQUES ET AUTRES COMPOSANTS PASSIFS -
METHODES D’ESSAI -

Partie 4-8: Compatibilité électromagnétique (CEM) —
Admittance de couplage capacitif

amaine-dlannlieation

La
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cap
cou
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s'af

IEC
con
seu

3

D ] +
ooTranmreudappyroatuTt

brésente partie de I'IEC 62153 spécifie une méthode d’essai pour la détermination
Mmittance de couplage capacitif, I'impédance de couplage capacitif et la  Capacité
blage par l'utilisation d’un montage triaxial similaire a celui utilisé pour lesmesurage
bédance de transfert (voir I'|EC 62153-4-3). La plupart des cébles présentent un coup
acitif négligeable. Cependant, dans le cas d'un cable a tressage individuel détendd

blage capacitif.

Références normatives

exigences du présent document. Pour les références datées, seule I'édition d
plique. Pour les références non datées, la derhiere édition du document de référe
plique (y compris les éventuels amendements):

62153-4-3, Metallic communication caple: test methods — Part 4-3: Electromagn
patibility (EMC) — Surface transfer impedance — Triaxial method (disponible en ang
ement)

Termes et définitions

Pour les besoins du présent'decument, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennentsa jour des bases de données terminologiques destinées a étre utilig

en

3.1
cirg

ormalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

SO Online*browsing platform: disponible a I'adresse http://www.iso.org/obp

uitiinterne

de
de
de
age
, le

blage a travers les trous de I'écran doit étre déterminé par le mesurage de I'admittancg de

documents suivants cités dans le texte constituent, pour tout ou partie de leur conté¢nu,

itée
nce

etic
lais

ées

circ

Note

Ut compose des ecrans et du ou des conducteurs de lI'eprouvelie

1 a l'article: Les grandeurs relatives au circuit interne sont indiquées par I'indice «1». Voir la Figure 1

Figure 2.

3.2

circuit externe
circuit composé de la surface de I'écran et de la surface interne d’'un montage d'essai
enveloppant

Note

1 a l'article: Les grandeurs relatives au circuit externe sont indiquées par I'indice «2». Voir la Figure 1

Figure 2.

et la

et la
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