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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE
TEST METHODS -

Part 4-3: Electromagnetic compatibility (EMC) —
Surface transfer impedance — Triaxial method

FOREWORD

013(E)

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization‘co
all national electrotechnical committees (IEC National Committees). The object of IEC js, to
interpational co-operation on all questions concerning standardization in the electrical and electronic fi
this pend and in addition to other activities, IEC publishes International Standards, Technical “Specif|
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National \Committee in
in tHe subject dealt with may participate in this preparatory work. International;’ governmental a
govgrnmental organizations liaising with the IEC also participate in this preparatien..JEC collaborateg
with [the International Organization for Standardization (ISO) in accordance with ‘conditions detern
agrepment between the two organizations.

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

3) IEC PPublications have the form of recommendations for international use and are accepted by IEC
Compmittees in that sense. While all reasonable efforts are madé\to ensure that the technical conten
Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

4) In order to promote international uniformity, IEC National’ Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national and regional publications. Any diV
between any IEC Publication and the corresponding.-national or regional publication shall be clearly ind
the Iatter.

5) IEC ftself does not provide any attestation of (conformity. Independent certification bodies provide cg
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
services carried out by independent certifiCation bodies.

6) All upers should ensure that they have\the latest edition of this publication.
7) No lijability shall attach to IEC op-its.\directors, employees, servants or agents including individual exp

8) Attenption is drawn te_the Normative references cited in this publication. Use of the referenced public

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the s
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A

62153-4-3 has

been prepared by IEC technical committ

Cables
accessories.

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

ts and

edition

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

edition:

a) now three different test configurations are described;
b) formulas to calculate the maximum frequency up to which the different test configu

rations

can be used are included (Annex E: Cut-off frequency of the triaxial set-up for the

measurement of the transfer impedance);

c) the effect of ground loops is described (Annex F: impact of ground loops on low frequency

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

FDIS Report on voting
46/471/FDIS 46/482/RVD

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

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

A list [of all parts in the IEC 62153 series, published under the general title- Metallic
commuynication cable test methods, can be found on the IEC website.

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

The cdmmittee has decided that the contents of this publication will-remain unchanggd until
the stqbility 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

* recpnfirmed,

* withdrawn,

* replaced by a revised edition, or
+ ampnded.

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

that |t contains colours which are considered to be useful for the cprrect
underptanding of its contents:”’ Users should therefore print this document using a
colour printer.

IMPORTANT - The 'colour inside%logo on the cover page of this publication indJocates
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INTRODUCTION

IEC 62153 consists of the following parts, under the general title Metallic communication
cable test methods:

Part 1-1:

Part 1-2:

Part 4-0:

Metallic communication cables test methods — Part 1-1: Electrical — Measurement
of the pulse/step return loss in the frequency domain using the Inverse Discrete
Fourier Transformation (IDFT)

Metallic communication cables test methods — Part 1-2: Electrical — Reflection
measurement correctionl

Metallic communication cable test methods — Part 4-0: Electromagnetic

Part 4{1:

Part 442:

Part 443:

Part 44

Part 45:

Part 446:

Part 447:

Part 448:

Part 49:

Part 4410:

compatibility (EMC) — Relationship between surface transfer impedange and
screening attenuation, recommended limits

Metallic communication cable test methods — Part 4-1: Electromagnetic
compatibility (EMC) — Introduction to electromagnetic (EMC) scrneening
measurements

Metallic communication cable test methods — Part K 432: Electromagnetic

compatibility (EMC) — Screening and coupling attenuation — Injection |clamp
method

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

Metallic communication cable test methdds™ — Part 4-4: Electromagnetic
compatibility (EMC) — Shielded screening attenuation, test method for megsuring
of the screening attenuation as up to and above 3 GHz

Metallic communication cables test\omethods — Part 4-5: Electromagnetic
compatibility (EMC) — Coupling op,screening attenuation — Absorbing |clamp
method

Metallic communication cable” test methods — Part 4-6: Electromagnetic
compatibility (EMC) — Surface transfer impedance — Line injection method

Metallic communication.;-cable test methods — Part 4-7: Electromagnetic
compatibility (EMC) —Test method for measuring the transfer impedance gnd the
screening — or thescoupling attenuation — Tube in tube method

Metallic communication cable test methods - Part 4-8: Electromagnetic
compatibility fEMC) — Capacitive coupling admittance

Metallic (communication cable test methods — Part 4-9: Electromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, [triaxial
method

compatibility (EMC) — Shielded screening attenuation test method for measuring

the screening effectiveness of feed-throughs and electromagnetic gaskets

Metallic communication cable test methods — Part 4-10: Electromagnetic
iouble

Part 4-11:

i th ool
CUAATATr 1riCirroyu

Metallic communication cable test methods - Part 4-11: Electromagnetic
compatibility (EMC) — Coupling attenuation or screening attenuation of patch
cords, coaxial cable assemblies, pre-connectorized cables — Absorbing clamp
method

1 Under consideration.
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Part 4-12:

Part 4-13:

Part 4-14:

Metallic communication cable test methods — Part 4-12: Electromagnetic
compatibility (EMC) — Coupling attenuation or screening attenuation of connecting
hardware — Absorbing clamp method

Metallic communication cable test methods — Part 4-13: Electromagnetic
compatibility (EMC) — Coupling attenuation of links and channels (laboratory
conditions) — Absorbing clamp method

Metallic communication cable test methods - Part 4-14: Electromagnetic
compatibility (EMC) — Coupling attenuation of cable assemblies (Field conditions)
absorbing clamp method
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METALLIC COMMUNICATION CABLE
TEST METHODS -

Part 4-3: Electromagnetic compatibility (EMC) —
Surface transfer impedance - Triaxial method

1 Scope

This pJart of IEC 62153 determines the screening effectiveness of a cable shield by app
well-dgfined current and voltage to the screen of the cable and measuring the induced

lying a
oltage

in ordgr to determine the surface transfer impedance. This test measures only the magnetic

compopent of the transfer impedance.

NOTE [he measurement of the electrostatic component (the capacitance coupling impéedance) is desd
IEC 621p3-4-8 [1]2.

The trlaxial method of measurement is in general suitable in(the frequency range
30 MHg for a 1 m sample length and up to 100 MHz for &@<0,3 m sample length,
corresponds to an electrical length less than about 1/6 of the:wavelength in the sample.

2 Ngrmative references

The following documents, in whole or in part, are normatively referenced in this docums
are indispensable for its application. For dated\references, only the edition cited applif
undated references, the Ilatest edition_of the referenced document (includin
amendments) applies.

IEC/TR 62153-4-1:2010, Metallic *eommunication cable test methods - Par
Electrgmagnetic compatibility (EM€) — Introduction to electromagnetic (EMC) scr
measufements

IEC 60050 (all parts),«.International Electrotechnical Vocabulary (IEV) (availa
<http:/fwww.electropedia.org>)

3 Tdrms and‘definitions

For th¢ purposes of this document, the terms and definitions given in IEC 60050 as

ribed in

up to
which

nt and
ps. For

J any

4-1:
eening

ple at

vell as

the following apply.

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

2 Numbers in square brackets refer to the bibliography.
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Note 1 to entry:
Figure 2.

3.3

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

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)

where

Z4,Z5| is the characteristic impedance of the inner and the outer circuits;

Uy,Ujp

Note 1 tp entry:

3.4

capacitive coupling impedance

4;

quotient of twice the voltage induced to the terminating impedance Z, of the matche
bysa current 7, fed (without returning over the screen) to the inner circuit and the

circuit
current

are the voltages in the inner and the cuter circuits (n: near end, f: far end);
is the current in the inner circuit (h: near end, f: far end);

is the length of the cable, respectively the length of the screen under test;

is the wavelength in free:space.

IEC 2697/1B

Figure 1 — Definition of Z;

Transfer impedance is expressed in mQ/m.

outer
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I

IEG, 26p8/13

Ion = I
Uin = Ui
Izn = 12f = (1/2) X 12 = [2/2
I =[2f +12f
Usy +U 2U
1 1
where

Z4,Z5| is the characteristic impedance of the innerand the outer circuits;

U4s,Uy| are the voltages in the inner and the outer circuits (n: near end, f: far end);

I is the current in the inner circuit (n;\near end, f: far end);

Iy is the current in the outer circuit(n: near end, f: far end);

Ct is the coupling capacitance;

L is the length of the cable;respectively the length of the screen under test;

is the wavelength.in free space.

Figure 2 — Definition of Z

Note 1 tp entry: Capacitive coupling impedance is expressed in mQ/m

3.5
effective transfer impedance

Z1E
3.5.1
effective transfer impedance

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

ZTE = max|Z|: + ZT|

Note 1 to entry: The effective transfer impedance is expressed in Q.

3.5.2
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)
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VA
ZTE =+ 20><|Og10 ﬂ
ZT,ref

is the reference transfer impedance with a value of 1 Q.

Note 1 to entry: The effective transfer impedance is expressed in dB (Q).

3.6

coupling length

L

c
length

Note 1 t
which t
IEC/TR

3.7
cut-ofi
maxim

Note 1 f
descript
describg

4 Pr

The te

OT CaDle WHICI IS 1INslae the test JIg, 1.e. the 1engtn or the screen unaer test

b entry: The coupling length together with the test method has an impact on the maximum-frequer
he transfer impedance could be measured. A detailed description can be found «in/ Clau
2153-4-1:2010.

frequency
Lim frequency up to which the transfer impedance can be measured

o entry: The cut-off frequency varies with the coupling length and the used test method. A
on can be found in Clause 8 of IEC/TR 62153-4-1:2010. The (calculation of the cut-off freql
d in Annex E.

inciple

defined current and voltage to the screen of the‘cable and measuring the induced volta

second
only t
electro

The tr
30 MH
corres
descrif

5 Te

5.1

The m

he magnetic component of thestransfer impedance. The measurement
static component (the capacitane&'coupling impedance) is described in IEC 6215

axial method of measurement is in general suitable in the frequency range
y for a 1 m sample length and up to 100 MHz for a 0,3 m sample length,

tion can be found.int\Clause 8 of IEC/TR 62153-4-1:2010.

st methods

General

asurements shall be carried out at the temperature of (23 £ 3) °C.

cy up to
e 8 of

detailed
ency is

st determines the screening effectiveness."of a shielded cable by applying a well-

je in a

ary circuit in order to determine the\ surface transfer impedance. This test megsures

pof the
3-4-8.

up to
which

ponds to an electrical.length less than 1/6 of the wavelength in the sample. A detailed

The test method determines the transfer impedance of a cable by measuring the cable in a
triaxial test set-up. The triaxial set-up can be realised by a rigid tube or by using a milked on
braid. Different methods using different load conditions are possible and are described below.
All the different methods give the same results up to their corresponding cut-off frequency.

5.2 Test equipment

The measurements can be performed using a vector network analyser (VNA) or alternatively a

separa

te signal generator and a selective measuring receiver.

The measuring equipment consists of the following:

a) av

ector network analyser (with an S-parameter test set); or alternatively
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a signal generator with the same characteristic impedance as the coaxial system of the

cable under test or with an impedance adapter and complemented with a
amplifier if necessary for very high screening attenuation;

a receiver with optional low noise amplifier for very high screening attenuation;
the generator and receiver shall have the same system impedance:
ZG = ZR = ZO

b) impedance matching circuit if necessary

primary side: nominal impedance of generator;

secondary side: nominal impedance of the inner circuit;

power

return loss: >10 dB.

Optionpl equipments are:

1) time domain reflectometer (TDR) with a rise time of less than 200 wps~or a network
analyser with maximum frequency up to 5 GHz and time domain capability;

2) plotter.

5.3

Calibration procedure

The cdlibration shall be established at the same frequency points at which the measu

of the
freque

When

transfer impedance is done, i.e. in a logarithmic frequency sweep over the
ncy range, which is specified for the transfer impedance.

Ising a vector network analyser with an S-patameter test set, a full two-port cali

shall be established including the connecting cables used to connect the test set-up
test equipment. The reference planes for the. @alibration are the connector interface
connegting cables.

When

Ising a (vector) network analyserwithout an S-parameter test set, i.e. by using a

splitter, a THRU calibration shall bé)established including the connecting cables u
connegt the test set-up to the test\equipment.

rement
whole

pration
to the
of the

power
sed to

When using a separate signal-generator and receiver, the composite loss of the conmecting
cables|shall be measured ‘and the calibration data shall be saved, so that the results may be
correcied.
A
aga = 10l0go| —- | = —20l0g10(S21) (1)
15
where

P, is the power fed during the calibration procedure;

P, is the power at the receiver during the calibration procedure.

If amplifiers are used, their gain shall be measured over the above-mentioned frequency
range and the data shall be saved.

If an impedance matching adapter is used, the attenuation shall be measured over the above-
mentioned frequency range and the data shall be saved (see Annex B).

5.4

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.
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Screen

Ea09.9.90.9.9.0.9.9.9.9.9.0.0.9.9.¢
I ] Well screened load
Connector ) ® e resistor R4
L
X XXX XXX XXX XXX XXX X

IEC 2699/13

Figure 3 — Preparation of test sample for coaxial cables

One ep

depends on the test method used (as detailed below), i.e. either a short circuit or'egua
characteristic impedance of the inner circuit, Z;, or equal to the generator impedancg

choser

The other end is prepared with a connector to make a connection to‘the generator

impedd
so that

Screerled symmetrical cables are treated as a quasi-éoaxial system. Thereforg,
condugtors of all pairs/quads shall be connected together at' both ends (other configu
of corlnection are under study). All screens, including those of individually scfeened
pairs/quads, shall be connected together at both ends. The screens shall be connectg
the whple circumference. See also Figure 4.

5.5 Fest set-up

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

coaxia

d of the coaxial cable is loaded with a well-screened resistor, R4. The valug of R,
to the
. Ry is

as a standard value resistor, whose resistance is close (within 10 %)teZ,.

nce matching adapter (depending on the used method). All connections shall be
the R.F.-contact resistance can be neglected with respect to the results.

Screen

' 9,.0.0.0.0.0.0.6.9.9.00.99.90.4
I
R4 Well screened load
Connector Pairs/quads resistor R
I
EOOOXOOOXXXXXXXX [EC 270013

Figure 4 — Preparation of test sample for symmetrical cables

inner conductor of the outer circuit.

In the

screen

In the flexible set-up, the outer conductor of the outer circuit is a tinned copper braid having a
coverage >70 % and braid angle <30° which is pulled over the entire length of the cable under

rigid set-up, the outer conductor of the outer circuit is a well-conductive tube of non-
ferromagnetic metal (for example brass, copper or aluminium) with a short circuit to the

on the fed side of the cable (see Figure 5).

test (see Annex C).

or the
made

rations

d over

b triple
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Coupling length L.

< N Terminating resistor

Cable sheath
\ 7 / Tube

Cable screen \

A —

/ \ Resistor Ry
Short circuit

IEC 2701/13

shqrt circuit or equal to the characteristic impedance of the inner circuit,’Zq or equa
generator impedance as detailed in the corresponding test method.

he terminating resistor. The value of R4 depends on the test method used, i.e. dither a

to the

Ro is fhe damping resistor. The value of Ry depends on the test method used, i.e. efither a

sha
cor

5.6
5.6.1
Depen

may —
values

5.6.2

Fesponding test method.

Figure 5 — Connection to the tube

Fest configurations

General

depending on the test method used-5*have an impact on how to convert the me
into the transfer impedance (see Afnex D).

Vector network analyserwith S-parameter test set

Nowadays, the common test(configuration is to use a vector network analyser with

param

bter test set (see Figure 6).

Network analyser

Port 4 Port 2

rt circuit or a value as a function of the impedance of the quter circuit as detailed in the

Hing on the available test equipment,*different test configurations are availablel which

asured

an S-

IEC 2702/13

Figure 6 — Test set-up using a vector network analyser
with the S-parameter test set
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5.6.3

- 15—

(Vector) network analyser with power splitter

If an S-parameter test set is not available, one can use a power splitter (see Figure 8). Power
splitters can be either a 2-resistor or a 3-resistor type (see Figure 7). When using the test
method feeding into a short (see Clause 8), the conversion from the measured scattering
parameter S,4 to the transfer impedance will depend on the power splitter type used.

5.6.4

When
could

one coluld Usg a separate generator and receiver which are either battery-driven or con

O 16,7 Q

IEC _2703/13

Figure 7 — 50 Q power splitter, 2- and 3-resistor types

Network analyser

IEC 2704/13

Figure 8 — Test set-up using a network analyser (NA) and a power splitter

Separate signal generator and receiver

measuring. very good screens having very low transfer impedance, the test
e prone-to error at low frequencies due to ground loops. To avoid those ground

to the pewer supply using disconnecting transformers (see Figure 9).

results
loops,
nected

When using the test methods where the power is fed into a short (see Clause 8), one can feed
the power via a feeding resistor (the value of which is equal to the generator impedance) in
order to avoid damage of the generator (see Figure 10).

generator _E§8|888888@F

j_

Receiver

IEC 2705/13

Figure 9 — Test set-up using a signal generator and a receiver
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ional .
gesr:g?:tor 50 Q resistor —[I: I:D— Receiver

End "A" End "B"

IEC 2706/13

Figure 10 — Test set-up using a signal generator and a receiver with feeding resistor

5.7

5.7.1

Expression of test results

Expression

The vdlues of the transfer impedance are expressed as mQ/m at the frequencies for| which

requirgments are specified in the relevant cable specifications.

5.7.2

The test report shall record the test results and shall conclude if the ‘requirements
relevant cable specification are met.

6 Test method A: Matched inner circuit with dampingresistor in outer cir

6.1

In this

Test report

General

of the

cuit

method, the inner circuit (cable) is terminatedconva matched termination (R4 = Z,) and

is congidered as the disturbing circuit (i.e. it is fed by the generator). If the impedance] of the

inner gircuit is unknown, it may be measured as described in Annex A.

The odter circuit is short-circuited on the near-end side on the cable shield and conne
the regeiver on the far end via a damping resistor R,.

If the
impedd

The ad
dampir

NOTE
6.2

To obt
R, sho

where

cted to

impedance of the inner circuit is different from the generator impedance, then an

nce matching adapter is used (see Annex B).

vantage of this methodis that it has a high cut-off frequency. However, the use
g resistor and impedance matching adapters reduces the dynamic range.

This method is usually used with the rigid set-up.
Damping resistor R,

bin the.maximum flat bandwidth of the set-up by means of critical damping, the 1
uld be’ incorporated at the far end of the outer circuit. The value of the resistor is:

of the

esistor

Ry = Ax 60In(§j 50

A=+2or 4= /i
&r2

D is the inner diameter of the tube;

d is the outer diameter of the cable screen;

g4 is the permittivity of the inner circuit;

g0 is the permittivity of the outer circuit.

(2)
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6.3 Cut-off frequency

The cut-off frequency length product of this test method is (for details, see
Clause 8 of IEC/TR 62153-4-1:2010):

Sfeut XL =80MHz xm (3)

i.e. for a coupling length of 0,5 m the maximum frequency up to which the transfer impedance
could be measured is 160 MHz.

6.4 PBlock diagram of the set-up

A block diagram of the test set-up is shown in Figure 11.

Coupling length L Terminating resistor R4 = Z4

Cable sheath / /Tube
/ Calibrated recgiver
Input voltage Uy / — or network analyser

N
Signal \ \ -~
generator | | |
- Z4 211 Up
O — ——
Zg X
I IT 1 Val T \
Matching / / \
circuit (/4
/ N

Resistor Ry
Cable screen /
IEC |2707/13

Key

Zg mpedance of the generator

Z4 mpedance of the cable under tést

Uq ihput voltage in the innertgircuit

Uy oltage in the outer circuit

UR oltage measured by/the receiver

Le oupling length

Rq erminating resistor in the inner circuit
Ry Hamping.resistor

14 cufrént in the cable screen

Figure 11 — Test set-up (principle)

6.5 Measuring procedure

The test sample shall be connected to the generator and the outer circuit (tube) to the
receiver.

The attenuation, a5, shall be preferably measured in a logarithmic frequency sweep over
the whole frequency range, which is specified for the transfer impedance and at the same
frequency points as for the calibration procedure:

P
ameas =10l0g1g (éj =—20log1g (S21 ) (4)
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where
P, is the power fed to inner circuit;
P, is the power in the outer circuit.

6.6 Evaluation of test results

The conversion from the measured attenuation to the transfer impedance is given by the
following formula:

Z
{ 4meas ~“cal —(apad +10logqo [ 0 ﬂ }
\

_ v
Ri\Zyg +R
77 = 1( 0+t 2)10 (5)
ZOLc
where
Zy is the system impedance (in general 50 Q);
Z4 is the characteristic impedance of the inner circuit;
Zt is the transfer impedance;

ameas |i8 the attenuation measured at the measuring procedgre;

acg |is the attenuation of the connection cables /f<not eliminated by the calipration
procedure of the test equipment;

dpad is the attenuation of the impedance matching adapter;

L. is the coupling length;
R4 is the terminating resistor in the inner circuit;
Ry is the series resistor in the outer circuit.

7 Test method B: Inner circuit'with load resistor and outer circuit without
damping resistor

7.1 General

This mlethod is the same as Clause 6, however without the use of the impedance matching
adapter and withoutithe damping resistor R, It has a higher dynamic range.

The load resistor shall be either equal to the impedance of the inner circuit or be equal to the
generdtor impedance. The latter case is of interest when using a network analyser with|power
splitter| instead of S-parameter test set.

7.2 Cut-off frequency

The cut-off frequency length product of this test method is:

Jout XL = 25MHz xm (6)

i.e. for a coupling length of 0,5 m the maximum frequency up to which the transfer impedance
could be measured is 50 MHz.

7.3 Block diagram of the set-up

A block diagram of the test set-up is shown in Figure 12.
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Coupling length L Terminating resistor R4

/Tube

Cable sheath

Key

[e

7.4

The te
receive

The at
the wh
freque

where
Pyist

/ Calibrated receiver
Input voltage U4 / or network analyser
N
Signal \ N i
generator ; | | /
§[1 Uy
N Ur
I IT [T /r T
Cable screen /
IEC 2

put voltage in the inner circuit
oltage in the outer circuit

oltage measured by the receiver
oupling length

brminating resistor in the inner circuit

urrent in the cable screen

Figure 12 — Test set-up (principle)

Measuring procedure

st sample shall be connected togthe generator and the outer circuit (tube)
r.

fenuation, a,,.,¢. Shall be preferably measured in a logarithmic frequency swee

ole frequency range, which is specified for the transfer impedance and at the
ncy points as for the calibration procedure:
P
dmeas =1 0|0910[P—1] =-20log 1o (S21)
2

he power fed to the inner circuit;

708/13

to the

p over
same

(7)

P, ist

hevpower in the outer circuit
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7.5 Evaluation of test results

The conversion from the measured attenuation to the transfer impedance is given by the
following formula:

9meas —“cal }

zp =Tt 20 49 { 20

oL (8)
where
Zt is the transfer impedance;
Zy is the system impedance (in general 50 Q);
ameas |i8 the attenuation measured at measuring procedure;
acg |is the attenuation of the connection cables if not eliminated by'the calipration
procedure of the test equipment;
L. is the coupling length;
Ry is the terminating resistor in inner circuit (either equal to the impedance of th¢ inner

circuit or the impedance of the generator).
8 Test method C: (Mismatched)-Short-Short without damping resistor

8.1 General

In this|method, both the inner and the outer circuits.are short-circuited on one side, i.e. the
damping resistor R, and the terminating resister R, (see Figure 5) are replaced by short
cirguits. An impedance matching adapter is.not used.

The ggnerator feeds the outer circuit at the near end and the inner circuit (the cable| under
test) i connected to the receiver at theifar end. In this set-up, the influence of the capacitive
coupling is suppressed by the short circuits in the primary and secondary circuit. It js also
very sénsitive and thus suitable to, measure very low values of the transfer impedance|(down
to 1 uP/m and less). Using a milked on braid as described below allows the measurement of
the trapsfer impedance of cable,under test before, during and after mechanical tests.

NOTE [This method can be used\either with the rigid or the flexible (milked on braid) set-up.
8.2 Cut-off frequency

The cut-off frequency length product of this test method is for the rigid set-up:

Seut XL =30MHz xm (9)

i.e. for a coupling length of 0,5 m, the maximum frequency up to which the transfer impedance
could be measured is 60 MHz.

The cut-off frequency length product of this test method is for the flexible (milked on braid)
set-up:

fout * L ~ 20MHz xm (10)

i.e. for a coupling length of 0,5 m the maximum frequency up to which the transfer impedance
could be measured is 40 MHz.
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8.3

Block diagram of the set-up

A block diagram of the test set-up is shown in Figure 13.

g

8.4

The o\
receive

the innfer circuit to end “B” (see Annex C).

The at
the wh
freque

where
Pyist
P, ist

8.5

Coupling length L,

Cable sheath \ /Tube

>~

I IT [T yal T I-l
Calibrated receiver /
twork I
r network analyser Signal
/ generatol

Cable screen /
IEC

Figure 13 — Test set-up (principle)

Measuring procedure

ter circuit (tube) shall be connected to the generator and the inner circuit (cable
r. In the flexible (milked on braid) set-up, thé outer circuit corresponds to end *

lenuation, a,,.,¢. Shall be preferably*measured in a logarithmic frequency swee
ole frequency range, which is specified for the transfer impedance and at the
ncy points as for the calibratian_procedure:

P
dmeas =1 0|0910(é] =—20l0g1¢ (S21)

he power fed:to the inner circuit;

he power n the outer circuit.

Fvaluation of test results

2709/13

to the
A” and

p over
same

(11)

The conversion from the measured attenuation to the transfer impedance depends on t

configuration:

Vector

network analyser with S-parameter test set without additional feeding resistors:

7 7{ Admeas —%cal }
Zr=-210" %
2L,

he test

(12)
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(Vector) network analyser with 2-resistor power splitter on the generator side:

7 _{ 9meas —%cal }
Zr ==210 20
2L,

(Vector) network analyser with 3-resistor power splitter on the generator side:

_{ 9meas —%cal }
Zg 20

(13)

Feedin
generg
analys

=z an
LT = 1Y

4L,

g of the power via a feeding resistor (having a value equal to the impedance

ber with an S-parameter test set or with a power splitter:

7 _{ 9meas —“%cal }
Zr =2%10 20
C

is the transfer impedance;
is the system impedance (in general 50 Q);
is the attenuation measured at measuring,procedure;

is the attenuation of the connection cables if not eliminated by the cali
procedure of the test equipment;

is the coupling length.

(14)

of the

tor), either with a separate signal generator and receiver or with \asvector network

(15)

bration
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Annex A
(normative)

Determination of the impedance of the inner circuit

A.1  Impedance of inner circuit

If the impedance Z; of the inner circuit is not known, it may be determined using a TDR or
using the following method with a (vector) network analyser (VNA).

One erLd of the prepared sample is connected to the VNA, which is calibrated for.impedance
measufements at the connector interface reference plane. The test frequency’shall pe the
approximately the frequency for which the length of the sample is 1/8 A, ‘where 1|is the
wavelgngth.

C

Jrest * (A1)
8><Lsample X A€
where
Jrest is the test frequency;
c is the speed of light 3 x 108 m/s;
&1 is the permittivity of the inner circuit;
Lsampiq is the length of sample.
The sample is short-circuited at the far end:*The impedance Z,,,,; is measured.
The sgmple is left open at the samg’ point where it was shorted. The impedance Zbpen is

measufed.

Z4 is calculated as:

Z4 Z\/Zshort X Zopen (A.2)
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Annex B
(normative)

Impedance matching adapter

B.1 Design of the impedance matching circuit
B.1.1 General
An imgedance matching circuit shatt be implemented as a two-Tesistor circuit with one
resistof, R, and one parallel resistor, Ry (commercial adapters are available )for
impedance combinations, for example 50/75 Q).
B.1.2 Secondary impedance Z, lower than primary impedance Z,
If the secondary impedance Z, is lower than the primary impedance Z{,the formulae
are used:
Z
Ry =7y 1-2%
Z4
Z
Ry =—=2
y4
1222
Z4
The configuration is depicted in Figure B.1.
Rs
Z4 side Ry Zp side
IEC 2710/13
Figure B.1 — Impedance matching for Z, < Z,
The voltage gain, k,, of the circuit is:
ZoR
e = 2°p
ZyR, + RyRs + Z3Rs
The scattering parameter S,4 of the circuit is:

2R,\Z42,

(Rg + Ry + 74 Ry + Z2 ) R2

Sp1 =

series
some

below

(B.2)

(B.3)

(B.4)
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B.1.3 Secondary impedance Z, higher than primary impedance Z,

If the secondary impedance Z, is higher than the primary impedance Z,, the formulae below
are used:

zZ
Rg =Zy —i (B.5)
V4

The configuration is depicted in Figure B.2.

Rs

Z4 side Rp Zp side

IEC 2711/13

Figure B.2 — Impedance’matching for Z, > Z,

The vdltage gain, k,, of the circuit is:

ke __ ‘%2 (B.7)
RS +Zz
The scpattering parameter.Syy of the circuit is:
2R\ Z1Z
Sp1 = P12 (B.8)

(Rg + Ry + Zo SRy + 74 )~ R2

B.2 |Frequency response of the impedance matching circuit

B.2.1 General

The formulae given above ((B.3), (B.4), (B.7), (B.8)) for the calculation of the voltage gain and
scattering parameter give sufficient results at low frequencies. However, at higher
frequencies, one has to take into account stray inductances and capacitances. Therefore the
parameters of the impedance matching adapter may not just be calculated but need to be
measured over the frequency range of interest.
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B.2.2 Measurement using two identical impedance matching adapters

In the case where two identical impedance matching adapters are available — for example
when using commercial available coaxial impedance matching adapters from 50 Q to 75 Q —
one may obtain the attenuation of one adapter by measuring the scattering parameter S, of
two adapters connected together. The attenuation of one adapter is then the half of the
measured Sy;.

B.2.3 Measurement using the open/short method

In general — especially when using homemade impedance matching adapters — it is difficult

(

obtaingd from an open/short measurement, i.e. by measuring the input impedance

primar

short-dircuited. The attenuation can be obtained from the following formula:

fZ
y=a+ jB=artanh |=%
Zo

where

y is the wave propagation constant of the impedance matching‘adapter;

o is the attenuation constant of the impedance matching’adapter in Nepers;

£ is the phase constant of the impedance matching adapter in radians;

Z, is fhe input impedance on the primary side ofithe adapter when the secondary
opén-circuited;

Z. is the input impedance on the primary side of the adapter when the secondary

shqrt-circuited.

B.2.4 Example of a coaxial 50 Q to-75 Q impedance matching adapter

Coaxigl impedance matching adapters from 50 Q to 75 Q are commercially available

indicat

Figure|B.3:

Rs=440

50 Q side Ry=870Q 75 Q side

side of the adapter when a) the secondary side is open and b) the secondary

bd attenuation of 5,75 dBxThey are built using R, of 87 Q and R of 44 Q as sh

ay be
on the
side is

(B.9)

side is

side is

vith an
own in

IEC 2712/13

Figure B.3 — Coaxial impedance matching adapters (50 Q to 75 Q)

The calculation of the scattering parameter S, using the equations of B.1.3 results in:

S21 = 0,516 or 521 = —5,75 dB.

The calculation of the attenuation using the open/short approach results in:

Zy,=87Q,7Z,=29,22 Qand a = 0,662, Np = 5,75 dB.
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The measurement of the attenuation using the methods described in B.2.2 and B.2.3 is shown

in Figure B.4:
6,3
6,2
6,1
6,0
o
s

where fthe curve

alpha pad 1

alpha pad 2

-S21/2

-S12/2

5
P —alpha
2 &~+2alph
ﬂCB alpha
< -S21/2
| —_S512/2
5,6 )
55 |0
' l W
) 4
54 ]
!
|
5,3 I T T T
0,1 1 10 160 1000
Frequency (MHz) IEC

Figure B.4 — Attenuation of 50 Q\to 75 Q impedance matching adapter

is the attenuation constant of the first impedance matching adapter ol
from an open/shaort-measurement;

is the attenuation constant of the second impedance matching 3
obtained from an open/short measurement;

is half qf‘the measured S,; multiplied by minus 1 when two adapte
connected together;

is -half of the measured S;, multiplied by minus 1 when two adaptsg
connected together.

pad 1
pad 2

4713/13

tained

dapter

rs are

rs are

The rgsults of both methods are in good concordance as the two measured impgdance

matchihg.@dapters are almost identical.

One may observe that the measured attenuation (at low frequencies) is slightly different from
the calculated one, i.e. 5,72 dB instead of 5,75 dB. At higher frequencies, the measured
attenuation is slightly increasing from 5,7 dB to 5,9 dB.
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Annex C
(normative)

Sample preparation for “milked on braid” method

C.1 General

In the configuration with the “milked on” braid, the latter forms the outer conductor of the outer
coaxial system.

The s¢reen to be measured is short-circuited with the inner conductor(s) of.'the| cable
providing the contact resistance is minimised. Special attention shall be paid inthe' case of a
foil-brgid screen that a good electrical connection between foil and the innércondugtor be
made.

The sgreen shall completely enclose the insulated conductor(s), shall"be soldered around
360° the conductor(s), and all the disturbed portion of the screén'shall be well so|dered.
The cgnductor(s) shall not extend beyond the soldered joint and(shall be trimmed. A pjece of
heat-shrinkable tubing or other appropriate materials shall be.applied over the soldergd joint
to insujate it.

Around the short circuit, in order to carry the disturbifg) current to the screen under [test, a
shieldihg case made of copper foil of a suitable thickness shall be placed (a self-adhesive
coppell tape shall be avoided) and shall be soldered'to the screen under test in such|a way
that thge short circuit between the inner conductor(s) and the screen is inside. The other side
of the ghielding box shall be formed around a\piece of conductor to connect the shieldihg box
to the ¢entral pin of a suitable connector (far,example N type)3.

This end will be referred to as an “A” end.

A tinngd copper braid having a:goverage >70 % and a braid angle <30° shall be pullgd over
the ertire length of the cable*and over the connector. The outer braid shall be| firmly
connegted to the connectar,” making sure that a 360° contact is formed (for example ysing a
hose damp). Heat-shrinkable tubing or other appropriate materials shall be applied oyer the
entire |length of the outerbraid ensuring that the outer braid is pressed firmly and consistently
to the Jacket of the cable.

At the distance of 1 m (or 0,3 m) from the location of the soldering between the shielding box
and the screen under test, the outer braid and the screen of the cable under test shall be
solderegd_ together for the full 360 °. Any excess of the outer braid shall be removed. The joint
betwejn the outer braid and the screen shall be insulated with heat-shrinkable tubing or
suitable materials. The length between the shielding box to the screen and the outer braid to
cable screen joints is the coupling length.

The protruding cable shall be provided with a suitable connector (for example N type). The
length of the protruding part shall be as short as possible.

This end will be referred to as a “B” end.

A TDR (or alternatively a VNA with time domain capability) can be used to check whether the
connectors themselves have been inadvertently shorted out (see Clause C.4 for details).

3 In case of foil screens, one may use a tinned conductor to make a coil on the foils and inner conductors which
are then soldered together.
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C.2 Coaxial cables

The preparation procedure steps of a coaxial sample are given in Figure C.1 and Figure C.2.

Screen pushed back
Cable on sheath \ Insulation

Conductor

Step 1
Screen soldered to
the inner conductor
Step 2
Insulation-over screen
to-eohductor joint
Step 3

Shielding case soldered
fo the screen Shielding case soldered

\ / to the piece of conductor

Central pin
of connector

Step 5 IEC 2714/13

Figure C.1 — Coaxial cables: preparation of cable end “A” (1 of 2)


https://iecnorm.com/api/?name=743e402ccc54ee9d3cae15feedba5476

-30 - 62153-4-3 © IEC:2013(E)

Insulation over

/ shielding case

Step 6
N connector with
/ central pin installed
Step 7
Outer braid pulled on cable Hose clamp

and connector

o,

[0

Step 8

Heat shrink tubing

RN

on outer braid

1

Step 9 IEC 2715/13

Figure C.1 — Coaxial cables: preparation of cable end “A” (2 of 2)
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insulati Outer braid
nsulation
Conductor Cable screen Cable \ Heat shrink
/ \ tubing
Step 1
N connector .
/ Quter braid soldered to cable screen
Step 2
Heat shrink tubing applied on
/ outer braid to inner screen joint
j 3\_®x
Step 3 IEC 2716/1
Figure€:2 — Coaxial cables: preparation of cable end “B”
C.3 [Symmetrical and multiconductor cables
The pieparation procedure steps of a symmetrical or multiconductor sample are g
Figure|C/3'and Figure C.4.

ven in
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Screen pushed

back on sheath
Cable \ \

Insulation

Conductors
soldered together

Step 1
Screen soldered to
the inner conductors
Step 2
Insulation over screen
to conductors joint
Step 3

Shielding case soldered Shielding case soldered

to the screen \ / to the piece of conductor

Step 4
Central pin
/ of connector
xL
Step 5
Insulation over
/ shielding case
§¥\J
QD
Step 6 N connector with
/ central pin installed
Step 7 IEC 2717/13

Figure C.3 — Symmetrical cables: preparation of cable end “A” (1 of 2)
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Outer braid pulled on cable Hose clamp

and connector \

Step 8

Heat shrink tubing
on outer braid

™~

Y

Step 9 IEC 277813
Figure C.3 — Symmetrical cables: preparation of cableend “A” (2 of 2)

Condictors Insulation Cable screen Cable Outer braid Heat shrink

soldered / tubing
togetHer

Step' 1

N connector
Outer braid soldered

/ / to cable screen

Step 2

Heat shrink tubing applied on

/ outer braid to inner screen joint

Step 3 IEC 271913

Figure C.4 — Symmetrical cables: preparation of cable end “B”
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C.4 Verification of the sample preparation with TDR

A TDR or a network analyser with time domain capability can be used to check the sample
preparation of method B:

The typical response when end “A” is connected to the TDR is shown in Figure C.5. The
beginning and the end of the sample can be easily determined. It is possible also to check
whether the connector in “A” has been inadvertently shorted out.

The typical response when end “B” is connected to the TDR is shown in Figure C.6. The
beginning and the end of the sample can be easily determined.

Connection at end “A”

\ I‘_ 2 x Lsample
/ Connection at end “B” T

Reference impedance l

|/

Distance (m) IEC 2720/13

Figure C.5 — Typical resonance of end “A”

|<— 2 x Lsample

A

Connection
/ / V “Tatend “A”

/
Cable impedance

Connection at end “B”

7
Reference impedance

Distance (m) IEC 2721/13

Figure C.6 — Typical resonance of end “B”
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Annex D
(informative)

Triaxial test set-up depicted as a T-circuit

D.1 General

The load conditions of the inner and outer circuit have an influence on how to convert the
measured scattering parameter S,; to the transfer impedance. This can be explained by
approximating the test set-up by concenirated elements using the T-circuit as depi¢ted in
Figure|D.1.

R4 R

G Z1 Le Zr

IEC 2722/13

Key
terminating resistor of the inner circuit

terminating resistor of the outer circuit

N

trapsfer impedance of the cable screen

—

impedance of the generator

®

impedance of the receiver

~ N N N ® ™
X

colipling length

(¢}

Figure D~ Triaxial set-up depicted as a T-circuit

D.2 (Scattering parameter S, of the T-circuit

The foymulae fof/the scattering parameter of a T-circuit can be found in the literature (e.g.
Vierpoltheorie,( Wilhelm Klein [2]). Using the elements defined in the key to Figure D.1 and
taking jnto account that Z; << Zg, Zg we get:

N VAYA
S, =Z.Lg VZeZs (D.1)
(Ry +Zs)(R, + Zg)
And consequently we get for the transfer impedance

227 L,

This formula is the general formula which can be used for all triaxial test methods for the
conversion of the measured S, to transfer impedance.
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Annex E
(informative)

Cut-off frequency of the triaxial set-up for
the measurement of the transfer impedance

Equivalent circuit

uivalent circuit of the triaxial set-up is depicted in Figure E.1.

013(E)

_: Inner circuit

21, &1, P

ZT1L¢

Yrle Rof T Ut
Quter circuit
2, &2, P2

IEC 2723/13

Characteristic impedance of the inner circuit (cabte), respectively outer circuit (tube)
Hielectric permittivity of the inner circuit (cable), respectively outer circuit (tube)
bhase constant of the inner circuit (cable), respectively outer circuit (tube)

Coupling length

ransfer impedance

Capacitive coupling admittance

oad resistance at the near end of the inner circuit (cable). Equal to the output impedance of the g4
Fespectively input impedance of the receiver including an eventually used feeding resistor

oad resistance at\the far end of the inner circuit (cable). Depending on the method used, either
he characteristicNimpedance of the cable or a short circuit

oad resistance at the far end of the outer circuit (tube). Equal to the output impedance of the g
Fespectively/input impedance of the receiver including an eventually used feeding resistor

FMF (of the generator

oltage at the far end of the outer circuit

nerator,

equal to

Enerator

Figure E.1 — Equivalent circuit of the triaxial set-up

Coupling equations

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, neglecting the capacitive coupling admittance (which is possible due to the short circuit

between the cable screen and the tube),

assuming non ferromagnetic materials and

introducing further variables, one gets following equations describing the coupling between
the primary and secondary circuit [3] (see also IEC/TR 62153-4-1):
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g:

E.3

U2f — ZTLC g
U, R, +R,

N Bl =B7)L

c

Jco$ BL. )+ S,I:( Bl ){Z +le Riy Wucoe{ B,L, )+] 2sif B,L, )L

L 1\1f Tl\ln L Ll J 1\2f

. Lc 27z'f'Lc \[‘c"rl,z

1,2 c

ﬁl,ZLc

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

is the dielectric permittivity of the inner circuit (cable), respectively outer circuit

is the phase constant of the inner circuit (cable), respectively outer circuit (tube);

is the wavelength in the inner circuit (cable), respectively outer circuit (tube);
is the coupling length;

is the transfer impedance;

(E.1)

! # { ! [CO$ B/L,)-cog B,L, )]—j%s"ﬁ BoL. )+ jsit BL )} (E.2)

(E.3)

(E.4)

cuit

(tube);

is the load resistance at the near end of the inner circuit (cable). Equal to the odtput

impedance of the generator,«respectively input impedance of the receiver includ
eventually used feeding, resistor;

is the load resistance‘ab the far end of the inner circuit (cable). Depending on th
method used, either ‘equal to the characteristic impedance of the cable or a sho
circuit;

is the load resistance at the far end of the outer circuit (tube). Equal to the outp
impedance.of‘the generator, respectively input impedance of the receiver includ
eventually-used feeding resistor;

is the-EMF of the generator;

isthe voltage at the far end of the outer circuit;

ing an

ing an

IS the speed of light;
is the factor describing the frequency response of the triaxial test set-up;

is the frequency.

Cut-off frequency

The factor g describes the frequency response of the test set-up. At low frequencies, when
A>>L, the factor g is equal to 1. With increasing frequency however the factor g starts to
oscillate and thus also the measurement results. The cut-off frequency is the maximum
frequency at which the transfer impedance could be measured without oscillations, caused by
the set-up, and is defined as the 3 dB deviation from the linear interpolation
measurement results, or in other words, if the factor g becomes >V2 respectively <1/72.

of the
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Figure E.2 shows the graph of the frequency response of the triaxial set-up for different load
conditions. The cut-off frequency is obtained from the intersection of the frequency response

with the horizontal line of either V2 or 1/72 (i.e. + 3 dB).

10
——R1n=500Q
R1f=0Q
R2f =50 Q
——R1n=500
R1f=5Q
R2f=5Q 0
/ \
48 MV ——R1A=5[Q
....................... e e B et D R1f=50
. | ] R2f =118 Q
-i
AY L _RIn=5[0
"""""""""""""""""" 3 ““““"*\“" R1f=50
69 MHz ? = R2f =50 Q
O —e= 1,414
=== 0,707
0,1
0 10 20 30 40 50 60 70 80 90 100
IEC 2%24/13
Frequency (MHz)
Calculated frequency response of the triaxial set-up with:
e coypling length is 39 cm;
e impedance of the inner circuit.(cable under test) is 5 Q;
e impedance of the outer circuit (tube) is 71 Q;
o permittivity of the innercircuit (cable under test) is 7;
e permittivity of the outer circuit (tube) is 1,46.
where the curve
R1n=5D Q Is the calculation for test conditions according to Clause 8 (Test nmethod
R1f=0 0 C: (Mismatched)-Short-Short without damping resistor)
R2f=50 Q
R1n=50 Q Is the calculation for test conditions according to Clause 7 (Test method
R1f=5 Q B: Inner circuit with load resistor and outer circuit without damping
R2f=50 Q resistor)
R1n=5Q Is the calculation for test conditions according to Clause 6 (Test method
R1f=5 Q A: Matched inner circuit with damping resistor in outer circuit)
R2f=118 Q
R1n=5Q Is the calculation for test conditions according to Clause 6 (Test method
R1f=5 Q A: Matched inner circuit with damping resistor in outer circuit) but without
R2f=50 O the damping resistor

Figure E.2 — Frequency response of the triaxial
set-up for different load conditions
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