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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC-COMMUNICATHON CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-15: Electromagnetic ¢

ompatibility (EMC) — Test method for

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is tovpromote internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as“EC Publication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee intefested in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai

ith the IEC also participate in this preparation. IEC collaborates closely withithe International Organizatior
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

The formal decisions or agreements of IEC on technical matters expréss; as nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, IEC~-National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in‘their national and regional publications. Any divergence betw
pny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation>of conformity. Independent certification bodies provide confor
pssessment services and, in some areas,»access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

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

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

Attention is drawnsto the Normative references cited in this publication. Use of the referenced publication
ndispensabledforithe correct application of this publication.
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Attention is-dfawn to the possibility that some of the elements of this IEC Publication may be the subject of pafent

rights. IEC_shall not be held responsible for identifying any or all such patent rights.

Thi

redline version of the official IEC Standard allows the user to identify the changes mad

to

the| previous edition IEC 62153-4-15:2015. 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 62153-4-15 has been prepared by IEC technical committee 46:
Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive components and
accessories.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

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

edi

a)

b)
c)
d)
e)

tion:
] aph uati ; i
with balun and balunless added;
application of a test adapter was added;
application of a moveable shorting plane;
application of the triaxial "absorber" cell;

correction of test results in the case that the receiver input impedance R-is higher than
characteristic impedance of the outer circuit Z,.

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

Ful

FDIS Report opn’veting
46/814/FDIS 46/822/RVD

thel above table.

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

Thi
acq
at

s document was drafted in accordance with ISO/IEC Directives, Part 2, and developed

www.iec.ch/members_experts/téfdocs. The main document types developed by IEC

degcribed in greater detail at wiww.iec.ch/standardsdev/publications.

Al

st of all the parts in the IEC 62153-4 series, published under the general title Metg

copmunication cable tést methods — Electromagnetic compatibility (EMC), can be found on
IEC website.
Theé committeeshas decided that the contents of this document will remain unchanged until

sta

ility datexindicated on the IEC website under webstore.iec.ch in the data related to

specific document. At this date, the document will be

reeconfirmed,

| information on the voting for its approval can_bg.found in the report on voting indicateq i

nts

the

in

ordance with ISO/IEC Directives;\Part 1 and ISO/IEC Directives, IEC Supplement, availapble

Aare

llic
the

the
the

withdrawn,
replaced by a revised edition, or

amended.

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



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

IEC 62153-4-15:2021 RLV © |IEC 2021 -7 -

METALLIC-COMMUNICATHON CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-15: Electromagnetic compatibility (EMC) — Test method for
measuring transfer impedance and screening attenuation —
or coupling attenuation with triaxial cell

Scope

This part of IEC 62153 specifies the procedures for measuring with triaxial cell the trang

impedance, screening attenuation or the coupling attenuation of connectors, cable assemblies
andg components, for example accessories for analogue and digital transm|SS|on systems, and

equipment for communication networks and cabling

teghnical-committee-46).

Mejasurements can be achieved by applying the device under testdirectly to the triaxial cel

wit

2

h the tube-in-tube method in accordance with IEC 62153-4-7.

Normative references

fer

or

constitutes requirements of this document. For dated references, only the edition cited appli

Fo
am

The following documents are referred to in the text if'such a way that some or all of their conFnt
li

undated references, the latest edition .of the referenced document (including
endments) applies.

IEC 61196-1, Coaxial communication.s¢ables — Part 1: Generic specification — Gene
definitions and requirements

IECG TS 62153-4-1:20432014, . Metallic communication cable test methods — Part 4
Eldctromagnetic Compatihility (EMC) - Introduction to electromagnetic screen
melasurements

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

IEG 62153-4<4-2015, Metallic communication cable test methods — Part 4-4: Electromagn
compatibility) (EMC) ——Shielded—secreening—attenuation, Test method for measuring of

screening.attenuation ag up to and above 3 GHz, triaxial method

S.
ny

ral,

-1:
ing

ptic

ptic
the

IEC62153-4-7, Metallic communication cable test methods — Part 4-7: Eleciromagnetic
compatibility (EMC) — Test method for measuring the transfer impedance Zr and the screening
attenuation as or coupling attenuation ac of connectors and assemblies up to and above 3 GHz
— Triaxial Tube in tube method

IEC 62153-4-8, Metallic-eommunication cables and other passive components — Test methods
— Part 4-8: Electromagnetic compatibility (EMC) — Capacitive coupling admittance

IEC 62153-4-9:20092018, Metallic communication cable test methods - Part 4-9:

Electromagnetic compatibility (EMC)

triaxial method

— Coupling attenuation of screened balanced cables,
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IEC 62153-4-10, Metalllc commun/cat/on cab/e test methods — Part 4-10: Electromagnet/c

compatibility (EMC) —
effectiveness Transfer

ele

ctromagnetic gaskets — Double coaxial test method

/mpedance and screen/ng attenuat/on of feed throughs and

IECTS 62153-4-16, Metallic communication cable test methods — Part 4-16: Electromagnetic
compatibility (EMC) — Extension of the frequency range to higher frequencies for transfer
impedance and to lower frequencies for screening attenuation measurements using the triaxial

set-

up

3

Fo
foll

3.1
trid
red

Terms and definitions

the purposes of this document, the terms and definitions given in IEC 61196<1 "and
pwing apply.

xial cell
tangular housing in analogy to the principles of the triaxial test procédure, consisting @

non-ferromagnetic metallic material

Not

3.2
su
Z7
for
Cirg

Not

e 1 to entry:  The triaxial test procedure is described in IEC 62153-4-3 and tEC 62153-4-4.

face transfer impedance

an electrically short screen, quotient of the lemgitudinal voltage U, induced to the in

uit by the current I, fed into the outer circuit:or vice versa [Q] (see Figure 1)
e 1 to entry:  The value Z; of an electrically shorf'screen is expressed in ohms [Q] or decibels in relation to
5 1
1<1/10
0, i

IEC

Figure 1 — Definition of Z;

the

her

(1)

3.3

Z+ dB(Q) = 21|
T (Q)—20'|QW

effective transfer impedance

A=
impedance defined as:

ZTE = maX|ZF + ZT|
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where Zg is the capacitive coupling impedance

3.4
screening attenuation
as
for electrically long devices, i.e. above the cut-off frequency, logarithmic ratio of the feeding
power P4 and the periodic maximum values of the coupled power P, ., in the outer circuit
(1 p I
ag =10-1g| Env ' 4)
Pr,max
S e

Ea (e the mini | : lues. indB

Notg 1 to entry: The screening attenuation of an electrically short device is defined as:

150Q
ag =20-Ig (5)
ZTe
whgre
150[Q is the standardised impedance of the outer circuit.
3.5
colpling attenuation
de

for|a screened balanced device, sum of thecunbalance attenuation a, of the symmetric pair and
the| screening attenuation ag of the screen of the device under test

Notg 1 to entry: For electrically long deviees, i.e. above the cut-off frequency, the coupling attenuation a is defined
as the logarithmic ratio of the feeding power P, and the periodic maximum values of the coupled power Pr,max inlthe

outér circuit.

3.6
coupling length
length of cable thatlis)inside the test jig, i.e. the length of the screen under test

Notg 1 to entry: . The coupling length is electrically short, if

/1% >10~\/; or f < # (6)
ERVACY

or electrically long, if<

o

n CO
roof RN (7)

where
L is the effective coupling length, in m;
%y Is the free space wavelength, in m;

is the resulting relative permittivity of the dielectric of the cable;

is the resulting relative permittivity of the dielectric of the secondary circuit;
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ya is the frequency, in Hz;
¢, is the velocity of light in free space, in m/s.

3.7

device under test

DUT

connector with mating connector and attached connecting cables or cable assembly consisting
of the assembly with their attached mated connectors and with connecting cables

4 _Physical background

See IEC TS 62153-4-1, IEC 62153-4-3, IEC 62153-4-4, and Annex A to Annex F.

5 | Principle of the test methods

5.1 General

The IEC 62153-4 series describes different test procedures to measure screening effectiveng
on [communication cables, connectors and components.

D
[7)]
(7]

Table 1 gives an overview of the test procedures of the IEC 62153-4 series carried out with the
trigxial test setup.

Table 1 — IEC 62153-4 series, Metallic commiunication cable test methods —
Test procedures with triaxial test setup

IEC 62153-4 series Metallic communication cable test methods — Electromagnetic compatibility
(EMC)

IEC TS 62153-4-1 Introduction to electromagnetic screening measurements

IEC 62153-4-3 Surface transfer impedance — Triaxial method

IEC 62153-4-4 Shielded screening attenuation, test method for measuring of the screening attenuation

ag up to andsabove 3 GHz

IEC 62153-4-7 Shielded(screening attenuation test method for measuring the Transfer impedance Z
and thejscreening attenuation ag or the coupling attenuation a, of RF-connectors ang
assemblies up to and above 3 GHz, tube in tube method

IEC 62153-4-9 Coupling attenuation of screened balanced cables, triaxial method

IEC 62153-4-10 Shielded screening attenuation test method for measuring the screening effectiveneds
of feedtroughs and electromagnetic gaskets double coaxial method

IEC 62153-4-15 Test method for measuring transfer impedance and screening attenuation — or coupling
attenuation with triaxial cell

IEC -1.S.62153-4-16 Extension of the frequency range to higher frequencies for transfer impedance and t
lower frequencies for screening attenuation measurements using the triaxial setup

Larger connectors, cable assemblies, and components do not fit into the commercially available
test rigs (tubes) of the triaxial test procedures of tEC-62153-4-x-series—according-to—Table1
IEC 62153-4-3, IEC 62153-4-4, and |EC 62153-4-7, respectively, which were designed
originally to measure transfer impedance and screening attenuation on communication cables,
connectors, and assemblies.

Since rectangular housings with RF-tight caps are easier to manufacture than tubes, the "triaxial
cell" was designed to test larger-components devices, such as connectors, assemblies and
components. The principles of the triaxial test procedures in accordance with-tEC-62153-4-x
series |[EC 62153-4-3, |IEC 62153-4-4 and IEC 62153-4-7 can be transferred to rectangular
housings. Tubes and rectangular housings-ear may be operated in combination in one test
setup (see Figure 2 and Figure 3).
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) buT Generator
Receiver

@ = W

_\\

Test head with
screening cap

Housing resp. triaxial cell Connecting cable
IHC
Measuring tube Connector
’/ under test
Generator / Matching Receiver
’/ resistor \
P
Hm
N A
X Screening cap

Tube in tube Connecting cable IEC

-

igure 2 — Principle depiction of the triaXial-cel test setup (tube) to measure transfgr
impedance and screening attenuation\with tube in tube in accordance with IEC 62153-4-f

In principle, the triaxial cell can be used in accordance with all triaxial procedures of Tablg 1,
where originally a cylindrical , tube is used. The screening effectiveness of connectors,
asgemblies or other components can be measured, in principle, in the tube as well as in the
trigxial cell. Test results ofmeasurements with tubes and with triaxial cells correspond well
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Generator
Receiver DUt

Thd
and
tub|

N

Tube in tube Connecting cable

Test head with

screening cap
Housing resp. triaxial cell

Connector
under test
/
Generator Receiver
9 \ 1 o
‘ % ) (7]
Test head with
/‘ screening cap
Tube in tube Housing Conrfecting cable

IEC

Figure 3 — Principle depictionof the triaxial cell to measure transfer
impedance and screening,attenuation of connectors or assemblies
with tube in tube' in accordance with IEC 62153-4-7

| IEC 62153-4-4, consisting of the DUT, a solid metallic housing and an RF-tight exten

coff
pri

ary circuit.

The disturbed-gircuit, which may also be designated as the outer or the second circuit, is for
by the outer~conductor of the device under test, connected to the connecting cable (or the tdbe
in tube, if ‘applicable) and a solid metallic housing or cell having the DUT in its axis.

5.2

Transfer impedance

IEC

e (optional). The matched device under test (DUT), which is fed by a generator v
necting cable, forms\the disturbing circuit, which may also be designated as the inner or the

e triaxial cell test setup is based on the triaxial system in accordance with IEC 62153-4-3

jion
ia a

ed

The test determines the screening effectiveness of a shielded device by applying a well-defined
current and voltage to the screen of the cable, the assembly or the device under test and
measuring the induced voltage in the secondary circuit in order to determine the surface transfer
impedance. This test measures only the galvanic and magnetic components of the transfer
impedance. To measure the electrostatic component (the capacitance coupling impedance), the
method described in IEC 62153-4-8-should shall be used.

The triaxial method for the measurement of the transfer impedance is in general suitable in the
frequency range up to 30 MHz for a 1 m sample length and 100 MHz for a 0,3 m sample length,
which corresponds to an electrical length less than 1/6 of the wavelength in the sample. A
detailed description-eeuld can be found in Clause 9 of IEC TS 62153-4-1:20432014 as well as

inl

EC 62153-4-3.
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5.3 Screening attenuation

The disturbing (or primary) circuit is the matched cable, assembly or component under test. The
disturbed (or secondary) circuit consists of the outer conductor (or the outermost layer in the
case of multiscreen cables or devices) of the cable, or the assembly or the device under test
and a solid metallic housing, having the device under test in its axis (see Figure 3).

The voltage peaks at the far end of the secondary circuit have to be measured. The near end
of the secondary circuit is short-circuited. For this measurement, a matched receiver is not
necessary. The expected voltage peaks at the far end are not dependent on the input
impedance—ofthe—receiver—provided—thatit-istowerthanthe—echarasteristie—impedanee—ofthe
seg¢ondary circuit. However, it is an advantage to have a low mismatch, for example,|by
selecting housings of-sufficient an appropriate size. A detailed description-eeuld can_ be.found

in Clause 10 of IEC TS 62153-4-1:20132014, as well as in IEC 62153-4-4.

5.4 Coupling attenuation
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The coupling attenuation of screened balanced pairs describes the global effect against
electromagnetic interference (EMI) and takes into account the screening attenuation of the
screen and the unbalance attenuation of the pair. A detailed description of coupling attenuafion
carn be found in IEC 62153-4-9.

5.5 Tube-in-tube method

If required, measurements in accordance with IEC 62153 4- 7 can also be achleved in the triaxial
cell- , ing the
trigxial cell mstead of the tube flxture (see Flgure 2 and Flgure 3)

6 | Test procedures

6.1 General

The measurements shall be carried out at the temperature of (23 £ 3) °C. The test met:luod
defermines the transfer impedance-or and the screening-attenuation or the coupling attenuafion
of a DUT by measuring in a triaxial test setup in aceordance with IEC 62153-4-3 and IEC 621p3-
4-4.

6.2 Triaxial cell

The triaxial cell consists of a rectangularkhousing in analogy to the principles of the triaxialjest
prgcedures in accordance with IEC 62953-4-3 and IEC 62153-4-4. The material of the housfing
shall be of non-ferromagnetic_metallic material. The length of the housing should [be
preferably 1 m.

Reflections of the transmitted signal-may can occur (in the outer circuit) owing to the deviafion
of fhe characteristic impedances. The plane of the short circuit at the near end (generator sige)
should be therefore preferably directly on the wall of the housing.

At [the receiver_ side, the transition of the housing to the coaxial system impedance (50| Q-
sydtem) shoudld-be also directly on the wall of the housing.

6.3 Cut-off frequencies, higher-order modes

~
EEN
EEN
~—
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Thé Triaxial test procedure uses the principle of tfransverse electromagnefic wave propagafion
(TEM — waves). At higher frequencies, the triaxial cell becomes in principle a cavity resohafor,
r@éio

or |a rectangular waveguide, which exhibits resonances depending on its di

se¢ Figure 4. N
N

Abpve these resonance frequencies, propagation of TEM waves is disturbed @Sﬂneasurements
of $creening attenuation with triaxial test method are limited. N
b‘/

(b/
N

Ns;

Figure 4 — R{'&angular waveguide

Th{ $

p cut-off frequency £ of a rectang&&@ cavity resonator is given by:

xO
o fo=20 (8)
(’)\\ ¢ 2a

.

For a rectangular ca@esonator, the resonance frequencies can be calculated using Equation
(9)| For this calcub , one of the parameters M, N, P can be set to zero.

§ T
R fr =2 2]+ 2]+ 2 ©
S

where

M, N are the number of modes (even, 2 of 3 > 0);
a,b,c are the dimensions of the cavity;
o is the velocity of light in free space.

NOTE Conductive parts inside the cavity resonator or a poor centring of the DUT in the triaxial cell can lead to
deviating resonance frequencies or to muting them.

Measurements of screening attenuation can be achieved up to the first cut-off frequency
(M, N=1).

The frequency range of the triaxial cell can be extended up to and above 3 GHz by using
absorber material placed on the bottom of the cell, see Annex C.
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Test equipment

The measurements can be performed using a vector network analyser (VNA) or alternatively a
discrete signal generator and a selective measuring receiver.

The measuring equipment consists of the following:

a)

a vector network analyser (with S-parameter test set), or-alternatively

b) 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 power amplifier, if

d)

Op

6.5

Thd
the
ran

WH
be

necessary, for very hign screening attenuation,—ane In_combination with a receiver
optional low-noise amplifier for very high screening attenuation;

impedance-matching circuit if necessary:

— primary side: nominal impedance of generator,

— secondary side: nominal impedance of the inner circuit,

— loss: > 10 dB.

balun for impedance matching of the unbalanced generatoroutput signal to
characteristic impedance of balanced cables for measuring,the” coupling attenuat

with a mixed mode option may be used, see IEC TR 61156-142.

fional equipment is:

with maximum frequency up to 5 GHz and time domain capability;

absorber material.

Calibration procedure

transfer impedance is done, i.e. in@logarithmic frequency sweep over the whole freque
ge, which is specified for the transfer impedance.

en using a vector network analyser with S-parameter test-set, a full two-port calibration s
established, including Ahe connecting cables used to connect the test setup to the

equipment. The reference”planes for the calibration are the connector interface of

cof
WH
spl
the

WH

necting cables.

en using a (vector) network analyser without an S-parameter test-set, i.e. by using a po

test setupto the test equipment.

en-using a separate signal generator and receiver, the composite loss of the test leads s

be

ith

the
ilon.

Requirements for the balun are given in IEC 62153-4-9:20082018; 6.3. Alternatively, a V[NA

time domain reflectometer (TDR) with a rise time of tess than 200 ps or network analyger

e calibration shall be established at the same frequency points at which the measurement of

NCYy

:rall
est

the

ver

tter, a THRUW\calibration shall be established that includes the test leads used to connlect

hall

measured and the calibration data shall be saved, so that the results-may can be corrected:

P,
Acgl = 10'9[;;] = —20|g(S21)

| is the attenuation obtained at the calibration procedure, in dB;
is the power fed during calibration procedure, in W;
is the power at the receiver during calibration procedure, in W;

is the measured S-parameter.

(10)
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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 or balun is used, the attenuation shall be measured over the
above-mentioned frequency range, and the data shall be saved.

6.6 Test leads and connecting cables to the DUT

Test leads and connecting cables to the DUT shall be well screened.

WHhen measuring transfer impedance, the transfer impedance Z,, of the connecting cables

insjde the test setup can be measured separately, either in the triaxial tube or in the triaxial gell,
expressed in mQ/m, in accordance with IEC 62153-4-3. The length of the connecting ‘€able$ in
the| set up shall be measured, the transfer impedance Z.,, calculated and be subtracted frlom

thel measured transfer impedance of the DUT.

con

When measuring screening attenuation or coupling attenuation, the screening attenuatior] or
thel coupling attenuation of the connecting cables can be measured separately, either in fhe
trigxial tube or in the triaxial cell, expressed in dB, in accordanceywith IEC 62153-4-4] or
IEG 62153-4-9.

The measured screening attenuation or coupling attenuation“of the connecting cables inside
the| setup shall be at least 10 dB better than the measured value of the DUT.

7 | Sample preparation

7.1 Coaxial connector or assembly or quasi-coaxial component

The connector or the assembly or the component under test shall be connected to its mating
pait in accordance with the specifications of the manufacturer.

A well-screened coaxial connecting cable shall be mounted to the connector, the assembly or
thel component under test and/orvits mating part(s). One end of the connecting cable shall|be
connected to the test head 6f the test setup and matched with the nominal characterigtic
impedance of the DUT.

The screen of the otherend of the connecting cable shall be connected to the wall of the housling
(the short circuit at the generator side).

In {he case of/a‘tube-in-tube procedure, the other end of the connecting cable shall be passed
thrpugh the RF-tight tube in tube and connected to the generator. On the side of the deVice
under test; the screen of the feeding cable shall be connected to the extension tube with a low
contact resistance. On the generator side, the screen of the connecting cable shall not|be
connected to the extension tube. The extension tube shall be connected to the wall of the
housing (the short circuit at the generator side).

7.2 Balanced or multipin connectors or components

The device under test shall be connected to its mating part in accordance with the specifications
of the manufacturer.

A balanced or multi-conductor cable, which is usually used with the connector or the device
under test, shall be mounted to the connector under test and its mating part or to the device
under test in accordance with the specification of the manufacturer.
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Screened balanced or multiconductor cables or multipin conductors or components are treated
as a quasi-coaxial system when measuring transfer impedance or screening attenuation.
Therefore, at the open ends of the feeding cable, all conductors of all pairs shall be connected
together. All screens, also those of individually screened pairs or quads, shall be connected

together at both ends. All screens shall be connected over the whole circumference (see
Figure 5 and Figure 6).

One end of the connecting cable shall then be connected to the test head where the connecting
cable is matched with the characteristic impedance of the DUT.

Mated connector under test

/

T N

AN

P AN AT AT AL A AT AT AT AT A A A A A

Load resistor
Screen IEC

Mated connector under test
2|
g ;
Load resistor
IEC

1

Screen

Figure 5 — Preparation of balanced or multipin connectors
for transfer impedance and screening attenuation

WHen measuring the coupling attenuation, the connecting cable shall be fed by a balun or shall

be palunless with a VNA with multimode option-{underconsideration}. The pair under test shall
be matehed by a symmetrical/asymmetrical load. The pairs that are not under test shall bejeft
opeT frratched:
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7.3

Thd
en(
Spé6

Thd

In {
be

Mated connector under test

Balun (or multiport VNA) /

AT TN
(A A AAAAAAAAAAAAA]
| .(.(.(.(.(.(.(.(.(.(.(.(.(.(.(.dl
Symmetrical
AN
asymmetrical

Screen of feeding cable
IEC

Mated connector under test

Balun
(or multiport NWA) 4!/

I Va \V A Symmetrical
e 8 1 asymmetrical
|| load
Screen of feeding cable IEC

Figure 6 — Preparation of balanced or multipin connectors
for coupling attenuation measurement

Cable assemblies

b connectors of the assembly under test shall be connected with their mating parts on b,
is-respectively, on_.one end in the case of single-ended assemblies, in accordance with
cifications of the'manufacturer.

e mating connectors shall be connected with well-screened coaxial feeding cables.

he case. of multi-pin conductor assemblies, all conductors of the assembly under test s
shoft ¢ircuited on both ends in the mating connector. If the assembly under test is connec

pth
the

hall
ted

in

tslintended use directly to a specific unit and no mating connecter is available,

the

manufacturer of the assembly shall provide an appropriaté mating connector or an appropriate
adaptation. The mating connector or the adaption shall be well screened, at least 10 dB better
than the device under test. Care shall be taken to ensure that the connection of the connecting
cable to the mating connector or the adaption is well screened.

7.4

Other screened devices

The screening effectiveness of other shielded or screened devices, e.g. screened cable
conduits, may also be measured with the triaxial cell. They shall be prepared and treated as
quasi-coaxial systems.
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8 Transfer impedance (short-matched)

8.1 General

IEC 62153-4-3 describes three different triaxial test procedures:

— test method A: matched inner circuit with damping resistor in outer circuit;
— test method B: inner circuit with load resistor and outer circuit without damping resistor;
— test method C: (mismatched)-short-short without damping resistor.

The procedure described herein is in principle the same as test method B of IEC 62153-4-3, (the
tuble being replaced by a cell): Matched inner circuit without the use of the impedance matchling
adapter and without the damping resistor R,. It has a higher dynamic range than test methog A

of [EC 62153-4-3.

i

0]

—

her procedures in accordance with 62153-4-3 may be applied accordingly, if required.

8.20 Principle block diagram of transfer impedance

A block diagram of the test setup to measure transfer impedance in accordance with test method
B gf IEC 62153-4-3 is shown in Figure 7.

Terminating resistor R,

Coupling length L _

Cable sheath

Signal

-

»
-

Triaxial Cell

Y

S
o\

/

Callibrated receiver
or network analyzer

e
.

Input voltage U,

generator

%4

Tube
Cable screen IEC

Figure 7 — Test setup (principle) for transfer impedance measurement
in accordance with test method B of IEC 62153-4-3

8.3 Measuring procedure

The length of the connecting cables inside the cell to connect the DUT shall be measured.

The transfer impedance of the connecting cables, which connect the DUT, shall be measured
in accordance with IEC 62153-4-3. The measured value shall be related to the length of the
connecting cables inside the cell to connect the DUT, the result being the transfer impedance
of the connecting cables, Z,.

The DUT shall be connected to the generator and the outer circuit (cell) to the receiver.
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The attenuation, a4, 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:

A
Umeas =1O-Ig[—1J=—20-Ig(S21) (11)
B
where
Ambas is the attenuation measured at measuring procedure, in dB;
Py is the power fed to inner circuit, in W,
Py is the power in the outer circuit, in W;
So4 is the measured S-parameter.

8.4 Evaluation of test results

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

| ameas_acalj
Zr :@40 % 2 Zeon 12)

where

A is the transfer impedance, in Q;

Zy is the system impedance (in general 50 Q);

Ambas is the attenuation measured at measuring procedure, in dB;

Qg is the attenuation of*“the connection cables if not eliminated by the calibrafion

procedure of the teSt*equipment, in dB;
£ 1+———is-thecouplingleagth;

R, is the terminating resistor in inner circuit (either equal to the impedance of the inper
circuit or the impedance of the generator), in Q;

Z is the\transfer impedance of connecting cables, in Q.

cqan

NOTE Contrary to the measurement of the transfer impedance of cable screens, the transfer impedanc¢ of
conpectors'or'assemblies is not related to length.

8.5 “‘Test report

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

9 Screening attenuation

9.1 General

This method is in principle the same as that described in IEC 62153-4-4.

9.2 Impedance matching

Measuring of screening attenuation can be achieved with or without impedance matching.
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If the characteristic impedance of the DUT is unknown, the nominal characteristic impedance
of the quasi-coaxial system can either be measured by using a TDR with a maximum 200 ps
rise time or using the method described in Annex A of IEC 62153-4-4:2015.

An impedance matching adapter to match the impedance of the generator and the impedance
of the quasi-coaxial system is not recommended because it reduces the dynamic range of the
test setup and may have sufficient matching (return loss) only up to 100 MHz when using self-
made adapters that are necessary for impedances other than 60 Q or 75 Q (see Annex B of
IEC 62153-4-4:2015).

9. Measuring with matched conditions
9.3.1 Procedure

The DUT shall be connected to port 1 and the test head of the setup shall be connegcted to gort
2 of the vector network analyser (Figure 7).

The scattering parameter S,4 shall be measured.

Only the peak values of the obtained screening attenuation graphare used to determine the
enyelope curve.

9.3.2 Evaluation of test results

The screening attenuation ag shall be calculated with the arbitrary determined normalised value
Zg [ 150 Q4.

ag =10-lg|--G-10.1g| - 2% 13)
r,max PZ,max R
= Env{—20~|g| So4 | +10-1g 3020 Q ‘}_aatt 14)
1
where
ag is the screenijng attenuation related to the radiating impedance of 150 Q, in dB;
En is the minimum envelope curve of the measured values, in dB;
Soq is thie)scattering parameter S,, (complex quantity) of the setup where the primary sjide
ofithe two port is the DUT and the secondary side is the tube;
Z4 is the characteristic impedance of the device under test, in Q;
R Is the input impedance of the receiver;

asy  is the attenuation of the impedance matching adapter — if used and if not taken into
account otherwise, e.g. during the calibration procedure of the network analyzer.

This conversion — Equations (13) and (14) — from the measured forward transfer scattering
parameter S, to screening attenuation is only valid if the characteristic impedance of the outer

circuit Z, is higher than the input impedance of the receiver R (see IEC TS 62153-4-1:2043
2014, Clause 9). In the case where the receiver input impedance R is higher than the
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characteristic impedance of the outer circuit Z,, a correction factor may be applied

(se

e Annex E).

Details of attenuation versus the forward transfer scattering parameter S,;, are given in
Annex G.

At frequencies lower than the limit of the electrically long coupling length, the measurement will

be

Thd

On
en

similar to that for surface transfer impedance.

istmatch

.1 General

the vector network analyser.

ot known, the characteristic impedance Z, of the DUT shall be measured(see 9.2).
b scattering parameter S,4 shall be measured.

y the peak values of the obtained screening attenuation, graph are used to determine
elope curve.

9.4.2 Evaluaton of test results

The
sha

p screening attenuation ag, which is comparable t0 the results of the absorbing clamp meth
Il be calculated with the arbitrary determinednormalised value Zg = 150 Q2.

B 27
R

as =10-1g|z——|=10-1g

r,max 2,max

= Env-{—20-|g| S21 |+10-|g‘1—r2

+10-Ig‘—3020 Q‘}

1

is thedsereening attenuation related to the radiating impedance of 150 Q, in dB;

is<the receiver input impedance, in Q;
is’the minimum envelope curve of the measured values, in dB;

ort

the

15)

16)

Zy
Z4

IS The scattering parameter 5,4 (complex quantity) or the setup where the primary Side

of the two port is the DUT and the secondary side is the tube;
is the reflection coefficient between the generator's impedance and the nomi

Zo - 74
ZO +Z1

is the characteristic impedance of system, in Q, (usually 50 Q);

>

characteristic impedance of the cable under test: » =

is the characteristic impedance of the device under test, in Q.

nal

2 Z is the normalised value of the characteristic impedance of the environment of a typical cable installation. It is

in no relation to the impedance of the outer circuit of the test setup.
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This conversion — Equations (15) and (16) — from the measured forward transfer scattering
parameter S, to screening attenuation is only valid if the characteristic impedance of the outer

circuit  Z, is higher  than the input impedance of the receiver R

(see IEC TS 62153-4-1:20432014, Clause 9). In the case where the receiver input impedance
R is higher than the characteristic impedance of the outer circuit Z,, a correction factor may be

applied (see Annex E).

9.5 Testreport

The_test report shall record the test results and shall conclude if requirements of the relevant
defail specification are met.

If g limiting value of the radiating power is specified for a system operated with a defined poyer
level, the difference between the power level and the limit of radiating power shall nat be gregter
than the screening attenuation of the cable provided for the system.

10| Coupling attenuation

101 General

Mejasuring of coupling attenuation shall be in accordance with'tEC 62153-4-9.

IEG 62153-4-9 describes both, measuring with balun and balunless measurements. To measpre
thel coupling attenuation, as well as to measure the unbalance attenuation, a differential signal
is fequired. This can, for example, be generated using*a balun which converts the unbalang¢ed
sighal of a 50 Q network analyser into a balancedusually 100 Q) signal.

Alteérnatively, a balanced signal may be obtgined by using a vector network analyser (VINA)
haying two generators with a phase shift of{80°. Another alternative is to measure with a mylti-
pont VNA (virtual balun). The properties«&f balanced pairs are determined mathematically from
thel measured values of each singlgZconductor of the pair against reference ground. The
coJerable frequency range for the determination of the reflection and transmissipns
chgracteristics of symmetrical pairs is no longer limited by the balun, but by the VNA and fhe
connection technique.

A detailed description of mixed mode parameters is given in Annex C of 62153-4-9:2018.

102 Procedure
102.1 Coupling attenuation with balun

The DUT Nis“connected to the connecting cables in accordance with the instructions of fthe
manufacturer and terminated at the far end by differential and common mode terminatipns
acqefding-to-Figure-5 in accordance with IEC 62153-4-9. The sample is then centred in the gell.

The DUT shall be connected via a balun to port 1 (i.e. it is exited in differential mode) and the
test head of the setup shall be connected to port 2 of the vector network analyser. The forward

transfer scattering parameter S, shall be measured.-Alterratively—the DUTmay-befed-by=a

Only the maximum peak values of the measured forward transfer scattering parameter S5, shall
be recorded as a function of the frequency in order to determine the envelope curve.

Attenuation introduced by the inclusion of adapters, instead of direct connection, and the
attenuation of the balun shall be taken into account when calibrating the triaxial apparatus.
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The maximum peak values of the measured forward transfer scattering parameter S, are not

dependent on the diameter of the outer tube of the triaxial test setup or on the characteristic
impedance Z, of the outer system, provided that Z, is larger than the input impedance of the

rec

eiver.

10.
IE

2.2 Balunless coupling attenuation

62153.4.9 describes the measurement with a standard test head as well as with an gnen

tesf head. The method described herein is the method with a standard head. According

IE(
pro

Th
cor
thel

Co
IEQ

Th
an(

10.

to
62153-4-9, measurements can be performed with balun or balunless. The balunlgss
cedure with the standard test head is shown in Figure 8.

14

e DUT is connected to the connecting unit and terminated at the far end by djfferential and
in

hmon mode terminations, in accordance with IEC 62153-4-9. The samplgiis then centreq
cell.
Generator
Tube Balanced/
‘N '/ unbalanced load
@ TP-connecting \ \ f
\ unit CcuUT Screening cap Receiver

Generator
IEC

Figure 8 — Principle test setup for balunless coupling attenuation
measufrfement according to IEC 62153-4-9

hnecting cables shall(be connected to the TP connecting unit in accordance With
62153-4-9.

e voltage ratio Uy Usmay Shall be measured with calibrated VNA (or calibrated genergtor
| receiver) and, corrected with regard to the influence of test leads and connecting units.

3 Expression of results

Thd

results. The coupling attenuation o shall be calculated with the normalised value Zo = 150 0:

b ditenuation of the balun or the TP-connecting unit shall be subtracted from the measurfin

ag =10-1g—F1 | —10.1g|F1 . 2Zs (18)
R’,max P2,max R
:Env{— 20-1g]S1]+10-Ig 3020“0 ‘}—az (19)
1
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30002

=dmmin — 4z +10-1g Lo

=1o-|g|Pdiff +10-Ig| Foom | dB, 17)

ag =20.|g|Udiff |+10-|g{Z°°m}+2o.|g Yoom_ +10-Ig{2'£} dB, 18)
com Zdiff 2,max com
i 2-7
ac=20-IgUd—'ﬁ+10-Ig[—S} dB, 19)
2,max Ziff
where
ag is the coupling attenuation refated to the radiating impedance of 150 Q, in dB;

P4ite  is the input power in the differential mode, in W;

P.dm is the output power whieh couples to the common mode, in W;

P, Lax is the periodic maximum value of the common mode radiated power, in W;
Uqgite  is the input volfage in the differential mode, in V;

Ucdm 18 the output voltage in the common mode, in V;

Uy Imax IS meaximum output peak voltage in the common mode, in V;

Zgif s Nhe nominal characteristic differential mode impedance of the differential m¢de
(balanced), in Q;

Zsom the characteristic common mode impedance (unbalanced), in Q;

Zs is the normalised value of the characteristic impedance of the environment of the cable,
in Q.

10.4 Test report

The test report shall indicate whether the results of minimum coupling attenuation comply with
the value indicated in the relevant cable specification.

If a limiting value of the radiating power is specified for a cable system operating with a defined
power level, the difference between the power level and the limit of radiating power shall not
be greater than the coupling attenuation of the cable provided for the system.
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Annex A
(informative)

Principle of the triaxial test procedure

A.1 General

With the triaxial test setup, one can measure-both the transfer impedance at the lower frequency
range and the Qr‘rppning attenuation or the coupling attenuation at highpr frpqupn(‘ipq

The test setup consists of a network analyser (or alternatively a discrete signal generatetr and
a gelective measuring receiver) and a tube with terminations to the cable screen ‘and the
nefwork analyser or receiver. The material of the tube shall be well conductive and npn-
ferromagnetic, for example brass or aluminium.

The cable under test (CUT), which is centred in the middle of the tube, forms together with the
tube a triaxial system (see Figure A.1). The inner system is the CUT itself'and the outer system
is formed by the screen under test and the tube.

Matching resistor Tube

R7:eiver Generator

Screening cap Screen under test

IEC

Generator Screen dnder Tube Matching resistor Receiver

'/ test (DUT) ’/

P , >
'/ Aoaoa A A

A B eSS e ] ()

e
4

Short circuit Screening cap IEC

Figure A.1 — Principle test setup to measure transfer impedance
and screening attenuation

The CUT is terminated with its characteristic impedance at the far end (see Figure A.1).

The screen under test is short circuited with the tube at the near end of the generator. Owing
to this short circuit, the influence of capacitive parts is excluded.

A generator with the voltage U, feeds the inner system. The voltage U, is measured with a
measuring receiver with an input impedance larger or equal to the characteristic impedance of

the-tube{60-Q) the outer circuit, see Figure A.2.
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Figure A.2 — Equivalent circuit of the principle of the test setup in Figure A.1

e energy, which couples through the weak screen, travels into both directions of the tu
respectively the outer system. At the short circuit at the near end side of the generator,

IEC

be,
the

waye is totally reflected, so that therreceiver measures the complete energy that couples
thrpugh the screen.
A.2 Transfer impedanc¢eé
At the low frequency rahge, the transfer impedance Z; may be calculated from the voltage ratio
Uy Uy

U

Zyl~7- |22 if Z7 << Z, (A1)

U
A detaited—descriptionm—of —the—transfer —mpedance—s—givermr—m 1EC62453=4=+——=amd" in
IEC 62153-4-3.
A.3 Screening attenuation

At high frequencies, the logarithmic ratio of the input power P, to the measured power P, en

the-receiver in the outer circuit gives the

25=10- Ioﬂﬂ

screening attenuation ag.

Lzo-m( Ui

Zp

P |max

LUz “1Zg
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J+10-Ig
max

In order to compare the screening attenuation with other test procedures in accordance with
IEC 62153-4-4, the measured ratio of power P, to P, is related to the standardized characteristic

impedance of the outer system of Z, = 150 Q (for further details see IEC TS 62153-4-1:2014,

gl Yy

P,
=2o-|g[
P maxJ U

2 2

Z

2
7 (A.2)

as :10~lg(

Clause 9):
a, =10-Ig K&l =20-Ig U1 +10.|gZ_R+10.|g‘2'A
Pr max U2 max ZG ZR
ag =10~Ig{ﬂ ]:2o.|g[ﬂ }+10.|g‘2'23
B max U2 |max Zg
P P 2Z u. 2 Zr 2-Z
ag =10-Ig| |——| |=10-Ig| [——- ==/ |=10-Ig [—1J LR 2 %S (A.3)
r,max P2,max R 2,max Z1 ZR
P 2-Z
a3:10-lg(—1 J:ZO-Ig(ﬂ J+10-Ig‘ S (A.4)
B Imax U2 |max Z4

where
P, is the power fed to the DUT (inner system), in W;
P, is the power measured at«the receiver (outer system), in W;
P, is radiated power related to the normalised impedance of the environment
Zg =150 Q;
U, is the input voltage of the DUT, in V;
U, is the voltage measured at the receiver, in V;
ZR is thelinput impedance of the receiver, in Q;
Zg issthe output impedance of the generator, in Q;
Zg is the arbitrary determined normalized impedance of the environment of a typical caible

installation Zg = 150 Q.

A detailed description of the screening attenuation is given in IEC 62153-4-1 and in
IEC 62153-4-4.

A.4 Coupling attenuation

Balanced cables, connectors, assemblies or devices that are driven in the differential mode
may radiate a small part of the input power, due to irregularities in the symmetry of the pair. For
unscreened balanced cables, connectors, assemblies or devices, this radiation is related to the
unbalance attenuation a,. For screened balanced cables, connectors or assemblies, the

unbalance causes a current in the screen that is then coupled by the transfer impedance and
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capacitive coupling impedance into the outer circuit. The radiation is attenuated by the screen
of the component and is related to the screening attenuation ag.

Consequently, the effectiveness against electromagnetic disturbances of shielded balanced
cables, connectors or assemblies is the interaction of the unbalance attenuation a, of the pair

and the screening attenuation ag of the screen.

Co
the
of

To

differential signal is required. This can, for example, be generated using a balun that convd

thel

Alt
ha
por
thel
co\
chad
cof

Ad
inl

DUT Tube Balanced/
\ '/ unbalanced load

el B
N\ \ ' f

Generator Balun Screening cap Recéiver e

Figure A.3 — Coupling attenuation, principle of\test setup
with balun and standard tube

periodic maximum values of the power Peom.max (whieh may be radiated due to the pe
oltage U, in the outer circuit).

measure the coupling attenuation, as weélh)as to measure the unbalance attenuation

unbalanced signal of a 50 Q network anpalyser into a balanced signal.

brnatively, a balanced signal may\be obtained by using a vector network analyser (V|
ing two generators with a phaseyshift of 180°. Another alternative is to measure with a my
t VNA (virtual balun). The properties of balanced pairs are determined mathematically fr
measured values of eachy'single conductor of the pair against reference ground. 7
erable frequency rarige* for the determination of the reflection and transmissi
racteristics of symmetrical pairs is no longer limited by the balun, but by the VNA and
nection techniquge$

etailed defipition of mixed mode S-parameters for measurements with virtual balun is gi
EC 621534429:2018, Annex C.

Generator Tube Balanced/
unbalanced load

Lipling attenuation a is determined from the logarithmic rdtio of the feeding power P ;s and

hks

rts

NA)
[ti-
om
[he
ns
the

en

IG
C

@

TP-connecting \ \ . /
\ unit CUT Screening cap Receiver

©

Generator IEC

Figure A.4 — Coupling attenuation, principle of setup
with multiport VNA and standard head
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The coupling attenuation a¢, which is comparable to the results of the absorbing clamp method,
shall be calculated with the arbitrary determined normalized value Zg = 150 Q:

ac =10-Ig|-dif dlff +10-Ig|—com_ com dB, (A.5)
com r, max
ac =20-1g gd‘ff +10‘Ig{ Lzo g Un°°m +10.|gB'231 dB, (A.6)
conT —<ehiff—r SO T o
ac =20- Ig +10- Ig{ S} (A.7)
2,max Zdlff

A |detailed description of the coupling attenuation is given in IEC/62153-4-1 and| in
IEG 62153-4-9.
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Annex B
(informative)

Triaxial cell

Larger connectors and cable assemblies do not fit into the commercially available test rigs of
the triaxial test procedure, which were designed originally to measure transfer impedance and
screening attenuation on communication cables, connectors, and assemblies.

The™triaxi W i Vi ies, ialy HV
cables and components for electromotive vehicles. The principles of the triaxial test procédures
can be transferred to rectangular housings.

Tubes and rectangular housings can be operated in combination in one test rig.(Thé screenjing
effectiveness of larger connectors or devices can be measured in the tube, asiwell as in the
trigxial cell. Test results of tube and cell measurements correspond well.

The triaxial cell consists of a rectangular housing in analogy to the principles of the triaxial test
prgcedure, in accordance with IEC 62153-4-3 and IEC 62153-4-4. The material of the housfing
shall be of non-ferromagnetic metallic material; see Figure B.1 and/Figure B.2.

Generator
Receiver DuT \
(o) FEE<<p= )
N~
N
Tube in tube Connecting cable

Test head with
screening cap

Housing resp. triaxial cell
IEC

DUT
\
Generator Receiver
% ‘ N :’ ( 7; :
7 X

/ | Test head with
/ f screening cap

Tube in tube Housing Connecting cable

IEC

Figure B.1 — Principle depiction of the triaxial cell to measure transfer impedance and
screening attenuation-at- HV-assemblies on a connector with tube-in-tube
according to IEC 62153-4-7

Reflexions of the transmitted signal may occur (in the outer circuit), owing to the deviation of
the characteristic impedances. The plane of the short circuit at the near end (generator side)
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should be therefore preferably directly on the wall of the housing of the cavity without any
additional tube.

At the receiver side, the transition of the housing to the coaxial 50 Q system should be also
directly on the wall of the housing.

C) IEC
&
;\\
Figure B.2 — Examples of differenéésigns of triaxial cells
<
N\
O
\‘9@
o
Q\
xO
O
o
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AnnexGC

E b & a b € a b € a b <

146 | 136 99 750 | 250 | 250 4000 | 450 | 450 1000 | 300 | 300

A A PN [HGHz| m A p |HGHz| m A p |HGHz| m A p |HGHz
E + 4 247 + + 4+ 087 + + + 44 + + + ofr2
E 2 o o + 2 o R + 2 o Lo + 2 o +pt
g 2 4+ e 1} 2 4 134 o 2 4 224 o 2 4 2
4+ 2 4+ 2,89 4+ 2 4+ 1,36 4+ 2 4+ 2,24 4+ 2 4+ 113
2 2 o 312 2 2 o 126 2 2 o Lo 2 2 o 104
o + 2 322 o + 2 134 o + 2 224 o + 2 2
4+ 4 2 344 4 4 2 1,36 4 4 2 2,24 4 4+ 2 113
2 2 + 347 2 2 4+ 140 2 2 + 224 2 2 + 16
o 2 2 375 o 2 2 1,70 o 2 2 2,83 o 2 2 141
4 2 2 394 4 2 2 AR 4 2 2 2,83 4 2 2 142
2 3 o 3,98 2 3 o 1,84 2 3 o 3,00 2 3 o 1,53
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Figure-E-2—Measurement-with-ZVRE-of-S21-0fa-3dB-attenuatoer
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Annex C
(normative)

Triaxial absorber cell

C.1 Cut-off frequencies, higher order modes

The triaxial test procedure uses the principle of transverse electromagnetic wave propagation

(TFM wm/pq) At highpr frpqupn(‘ipc the triaxial cell hecomes in prinr‘iplp a r‘a\/ify resaonatar. or
a fectangular waveguide, which exhibits resonances depending on its dimensions.;&see
Figlure C.1. Q},
Abpve these resonance frequencies, propagation of TEM waves is disturbed and suremelnts
of $creening attenuation with the triaxial test method are limited. (1/
: "
| s/
c | Oy
SR A NO
// @(L
b [N .-
A P C)
a < Cre
Figure C.1 — Cavity og\(‘g\\ctangular waveguide
Q
The cut-off frequency f, of a cavity is giée’ﬂ,\%y:
¥
®) = ¢.1
" fo = (¢-1)
QS)
N
The¢ resonance frequenciegban be calculated with Equation (C.2). For this calculation, ong of
thel parameters M, N, Rmay be set to zero. Conductive parts inside the cavity resonator ¢an
leald to deviating re nce frequencies or to mute them.
@ 2 2 2
¢ M N P !
O Svwe =—°J(—J +(—] +(—j ¢.2)
Q% 2\ a b c
wh.=_§/
M, N, P are the number of modes are the numbers of modes, where M, N stands for the

transverse and P for the longitudinal integral multiple of the half of a wavelength (¥,

P=1,2,3 where M or N can be set to zero);

a, b, ¢ are the dimensions of cavity where a, b are coupled to the transverse and ¢ to

€o

longitudinal dimension;
is the velocity of light in free space.

Na

the

According to Equation (C.2), the cut off frequency for a triaxial cell with dimensions of, for
example, 1 000 mm by 300 mm by 300 mm is about 500 MHz; for a triaxial cell with dimensions
of 1 000 mm by 150 mm by 150 mm, it is about 1 GHz. Above the cut-off frequencies, different

res

onance peaks can be observed; see Figure C.2.


https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

IEC 62153-4-15:2021 RLV © |IEC 2021 - 43 -

Figure C.2 shows comparable measurements screening attenuation of a cable RG 214 with a
single-braid construction between a standard tube with a 40 mm inner diameter and different
triaxial cells.

a (dB)
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Figure C.2 — Comparison o ‘ﬂ% measurements of a RG 214
cable with 40 ube and triaxial cells
the

mpared to a measurement in the . fdbe, different resonance peaks can be observed in
asurements with a triaxial cell \I

mm by 300 mm, from about@o MHz upwards and 1 GHz upwards respectively. Ab
se frequencies, measuremébt—s with triaxial cells are unreliable.

<

P Absorber @ .

e problem of re€g)nances and/or higher-order modes in the cell can be solved easily by u
orber mat I, placed on the bottom of the cell. The absorbers may be ferri

namocrystalli aterial or magnetic flat absorbers, see Figure C.3.

% DUT
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Generator \ Receiver

000 mm by 150 mm by 150 mm, and of 1 000 mm| by

pVe

ing
Sa

(i ! e S e R A e
@ ST

B s = Nt NS = NS ﬁ“
Ferrite tiles
(=== = = e e | (=== ] Test head W|th
/ f \ screening cap
Tube in tube Housing Connecting cable IEC

Figure C.3 — Principle of the triaxial cell with tube in tube and ferrite tiles as absorber
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Figure C.4 shows measurements in triaxial cells with magnetic flat absorbers. Resonances
and/or higher-order modes are suppressed. With absorber material in the cell, the usable
frequency range can be extended up to and above 3 GHz. The maximum peak values of the
measurements with absorber in the cell show a difference respectively an additional attenuation
of about 3 dB at 3 GHz.

500 1000 1500 2000 2500 3000

=70 _—
275 Tube 2 40 mm
—80|as (150- max)

 TAGE /f \‘“f\ TN O

/00|25 (75078 ; V A\
Y

2500

500

"as (150)/dB as(150 max) __

Figure C.4 — Comparlsgf%} the measurements of an RG 214
with 40 mm tube an axial cells with magnetic absorber

Although other absorber materi @ such as ferrites or nanocrystalline absorbers, could|be
usg¢ful, magnetic flat absorbérs are recommended because of their good mechanical
chgracteristics and easy he?@hg; see Figure C.5.

IEC

Figure C.5 — Examples of magnetic flat absorber
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C.3 Influence of absorber

Measurements of Figure C.4 with absorber in the cell show an additional attenuation of about
3 dB at 3 GHz owing to the influence of the absorber.

The influence of the absorber in the cell can be measured by an S11 measurement, in
accordance with Figure C.6. The test head of the cell is connected with a tube of copper or
brass with the same diameter as the connecting case of the test head. The copper or brass
tube is short circuited at the generator side (near end).

Pefform a measurement without absorber and a measurement with absorber in the CQI in

acgordance with Figure C.6. Qy
The difference of both measurements is the influence of the absorber and shall ed for the
correction of the test results. q/
o'
Generator Test head Tube in tube Short circuit b‘/
/ / o
,\V.)

. ( )

= >
x gﬂ reﬂeX|on

@ \Bridge Magn gbsorber

— e [ = I}
X
N
Receiver Houﬁ@}, or triaxial cell
(%) IEC
s&‘
.\@
Figure C.6 —getup for correction measurement
xO
Figure C.7a and Figure C. 7K€B%w examples of S11 measurements in the cell without and With
abgorber.
Frequency, / (MHz) Frequency, / (MHz)
500 1 ognO 500 2000 2500 3000 500 1000 1500 2000 2500  300p

Return loss (dB)

o m

T T

] y IEC © \/ IEC
a) S11 measurement without absorber b) S11 measurement with absorber

Figure C.7 — Correction measurement
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Annex D
(informative)

Application of a moveable shorting plane

D.1 Coupling transfer function

Depending on the length of the device under test and the frequency, the screening effectiveness
is divided into the transfer imppdnnr‘p and the Qr‘rppning attenuation The r‘mlpling transfer

function in Figure D.1 shows the transfer impedance Z; and the screening attenuation ag\qf a
caljle screen versus frequency.

Wil: the triaxial procedure, the transfer impedance Z; and the screening attenuation ag can|be
mefasured in one test setup.

Coupling transfer function (Ed.2) RG 214

A 30 kHz - 3 GHz Test length: 0,93 m
P00 . : ‘
: : o | fe(ti) (IEC 62153-4-3) L R ¢ fe(sa) (IEC 62153-4-4) |
o | N e - T
D & e
50 | e e S N O . A | sereening |

attenuation

Undefined

Transfer impedance, Z_ (mOhm/m)
Screening attenuation as(150), (dB)

0,1

0,4, .02 0,5 1 2 5 10 20 50 200 500 1000 2000
Frequency, f (MHz) Y

JEC

screen versus frequency with the triaxial cell

In the DC range, at very low frequencies, the transfer impedance of a braided screen is equal
to the DC resistance. In the range of about 1 MHz to 10 MHz, the value of the transfer
impedance drops down to lower values (at optimized braids) and increases then by about 20 dB
per decade towards higher frequencies.
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The coupling transfer function T, ; gives the relation between the screening attenuation ag and
the transfer impedance Zt of a cable screen. In the lower frequency range, where the cable
samples are electrically short, the transfer impedance Z; can be measured up to the cut-off
frequencies f., ;. Above these cut-off frequencies f;, ¢ in the range of wave propagation, the
screening attenuation ag is the measure of screening effectiveness. The cut-off frequencies f,

may be moved towards higher or lower frequencies by varying the length of the cable under
test.

The upper cut off frequency f,,5,.z1 for measuring the transfer impedance depends on the test
mefhod used (see IEC 62153-4-3) and may be approximated by:

0]
ps—20 (@.1)
fmax ZT 6. ,—3r1 'Lc

th

The lower cut off frequency f,in.qs fOr measuring the screening attenuation.in accordance v
IEG 62153-4-4 is given by:

(1h.2)
. LC

fmin—as 2 <

WHere
f | is the frequency, in Hz;
co | is the velocity of light in free space, in m/§;

&4| is the relative dielectric constant of theé.inner system;

&o| is the relative dielectric constant gfjthe outer system;

L. | is the coupling length, in m.

Figure D.1 shows the cut-off\frequencies of the transfer impedance Z; and of the screenfing
attgnuation ag. For a cableJof 1 m in length and a relative dielectric permittivity of the inper
sygtem ¢, of 2,28, one_Ghtains an undefined range or a "grey zone" in the frequency range frlom
about 30 MHz to about'300 MHz.

D.2 Effect'of the measurement length on the measurement cut-off frequency

The distance of the shorting plane of the outer system of the triaxial test setup and the screen
cap of'the test head ("measurement length") defines the cut-off frequency for the measuremgent
barrchwi f T f - T fred; ter
distance between shorting plane and test head is needed. A detailed description of this context
can be found in Clause 9 of IEC TS 62153-4-1:26432014 as well as in IEC 62153-4-3.

ing

D.3 Details of the movable shorting plane

The introduction of a movable shorting plane to the triaxial setup in combination with the tub-
in-tube method is shown in Figure F.1. It gives full flexibility in choosing the shorting plane
distance and therefore the cut-off frequency of the screening measurement.
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Figure D.2 — Cross-section of triaxial cell with movable shorting plane

The¢ main requirements for such a plane are a sufficient conductivity of the.plane material,| as
we|l as a sufficiently low contact resistance between the tube-in-tube and the planejust, as well
as |the contact resistance between the plane and the outer housingrof the triaxial cell. The
application of suitable spring contacts, which are also used in other,EMC applications, helps$ to
engure these contact requirements. Figure D.2, Figure D.3 and Figare D.4 give design examples
of such a plane-to-housing contact solution, and a plane-to-tube‘contact solution;+espectivehy.

IEC
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Figure D.4 — Detail H of Figure D.3: contact between plane and housing
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Figure D.5 — Detail G of Figure D.3: contact between plane and tube-in-tube

D.4 Measurement results

Figure D.6 shows a compilation of transfer impedance measurements made on one test samjple
with different shorting.plane distances applied. The closer the plane gets to the test sample,
the higher the cut-off frequency is located in the diagram.

Since the test.sample is of a very short elongation, it therefore provides a locally concentralted
coypling area. This results in measurement curves with steadily increasing maximum vallies
with a rippled character. The ripples are generated by a quarter wave cancellation of fhe
reflected wave at the shorting plane. The envelope curve in red indicates the theoretical trangfer
impedance character of a single coupling area (as of the connector under test).
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Figure D.6 — Compilation of transfer impedance test results
with different shorting plane distances

In principle, the undefined range could be covered by varying the length of the device under
test. But varying the length of the device under test is not always desired or possible in the case
of DUTs with fixed length, for example, cable assemblies.

Hence, it should be discussed how the coupling transfer function could be the measure for the
screening effectiveness, including transfer impedance and screening attenuation.
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IEC 62153-4-7 is being revised. During this revision, it should be discussed how to introduce
the coupling transfer function as shown in Figure D.1. The length of the test setup could be
fixed to 1 m. The value of the minimum of the screening attenuation at f,,;,.,5 could be extended
to fihax-zT @nd be the measure of the screening attenuation. With this extension, the screening
effectiveness, consisting of transfer impedance and screening attenuation, is explicitly
described over the complete frequency range.

Furthermore, with the new procedure of IEC 62153-4-3, the cut off frequency f,,,4.z1 Of the
transfer impedance can be moved towards higher frequencies and the undefined range can be

re

uced

To
col

3

compare different devices and for qualification purposes, the proposed applicat@of
pling transfer function is useful in any case. N

the
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Annex E
(informative)

Correction in the case that the receiver input impedance R is higher
than the characteristic impedance of the outer circuit Z,

E.1 Impedance Z, lower than the input impedance of the receiver

If thetharacteristic impedance of the outer circuit Z 15 fower than the mputtmpedance of the
receiver, then the envelope curve (maximum values) of the measured forward trangfer
scattering parameter S,; will depend on the input impedance of the {(receiver

(see IEC TS 62153-4-1:20432014, Clause 9 and Figure E.1). In this case, a correction fagtor
shall be used to correct the test results.
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Figure E.1 — Example of forward transfer.scattering parameter S,, for different
impedances in the outer circuit where the receiver input impedance is 50 Q
The characteristic impedance of Z, ofithe outer circuit can either be measured with a time
domain reflectometer TDR or — if thesDUT has a uniform cylindrical shape — be calculateq in
acgordance with Equation (E.1).
4602 (15 D)
&, d)
60 Q D
Zy = -In(1 ,27-—] (E.1)
Ve d
where
Epo &p Is the dielectric permittivity in the outer circuit;

d
D

is the diameter of the device under test, in mm;

is the width of the cell, in mm.
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Outer conducteur

E.3

Fo

than the receiver input impedance, a correction factor is _obtained with Equation (E.2). T|

cor
an

suf

rection factor shall be added to the measured forward-transfer scattering parameter S,
egative dB value, see Annex G).
R
Qoore =520 -1g| — H
corr, g[zzj (
ere
-+ is the correction factor;
is the input impedance* of the receiver, in Q;
is the characteristic impedance of the outer circuit, in Q.
nonuniform DUTs, the correction is not straightforward because additional reflecti

/
}DUT
Q m / /

IEC

Figure E.2 — DUT with uniform cylindrical shape in the centre:of the cell

) Correction

a DUT with uniform cylindrical shape resulting in an impedance of the outer circuit lo

erpose the results. This case is under further study.

ver
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Annex F
(informative)

Tes

t adapter

When measuring transfer impedance or screening attenuation on connectors or cable
assemblies, test adapters are required, see Figure F.1 and Figure F.2.

Test adapters may limit the sensitivity of the test setup. Therefore, test laboratories shall

corfduct qualiticaton tests with their existing adapler hardware 1o estaplish the noise 1100f(s)
for|the entire test system. Should the qualification test require connecting cables, thesé-shall

haye a tubular outer conductor. Measurements are considered as 'valid' as longkas

mejasured value is at least 6 dB above the sensitivity established.

the

Tesgt adapters shall be assembled in agreement between the manufacturer (or the supplier) of
thel device under test and the test laboratory.

Generator
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\

Connector under test

\ Adapter

Receiver
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Extension tube
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Figure F.1 — Principle_of the test setup to measure transfer impedance
and screening or coupling attenuation of connectors
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Figure F.2 — Principle of the test setup to measure transfer impedance
and screening attenuation on a cable assembly
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Annex G
(informative)

Attenuation versus scattering parameter §,,

Sometimes, confusion arises between attenuation and the forward transfer scattering parameter
S54. By definition, attenuation is the logarithmic ratio of the power at the input of a DUT to the

power at the output of the DUT. The forward transfer scattering parameter S,, relates the output
signal to the input signal.

Fo

attq
cof
scd

SC{

of {he S, term (see 9.3.2 and 9.4.2).

Fu

Fig

bnuation" or "two-port attenuation" or "operational (Betriebs) attenuation" und
ditions] is positive (as the output signal is smaller than the input signal),(x/ reas
ttering parameter S,, is negative. Therefore, in the equations to conver, th& measu

ttering parameter S,, to the screening or coupling attenuation, a minus sgj s used in fr
/
“b’b‘

ther details are described in IEC TR 62152. y\<0

(l/

ure G.1 and Figure G.2 show the S,; measurement of a 3 déf(?enuator. The measureme)

passive components, the image attenuation [depending on the device also nam@/vxve
r tc

ed
the
red
pnt

nts
as

haye been done with two different network analyzers and tl@results show negative values,
expected. o
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Figure G.1 — Measurement with HP8753D of §,, of a 3 dB attenuator
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Figure G.2 — Measurement with ZVRE of §,, of a 3 dB attenuator
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-15: Electromagnetic ¢

ompatibility (EMC) — Test method for

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is tovpromote internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to asM“EC Publication(s)"). T|
preparation is entrusted to technical committees; any IEC National Committee intefested in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai

ith the IEC also participate in this preparation. IEC collaborates closely withithe International Organizatior
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

The formal decisions or agreements of IEC on technical matters expréss; as nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, IEC-National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible intheir national and regional publications. Any divergence betw
pny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation>of conformity. Independent certification bodies provide confor
pssessment services and, in some areas,»access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

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

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

Attention is drawnsto the Normative references cited in this publication. Use of the referenced publication
ndispensabledforithe correct application of this publication.
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Attention is-dfawn to the possibility that some of the elements of this IEC Publication may be the subject of pafent

rights. IEC_shall not be held responsible for identifying any or all such patent rights.

brpational Standard IEC 62153-4-15 has been prepared by IEC technical committee

46:

bles, wires, waveguides, R.F. connectors, R.F. and microwave passive components and

accessories.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

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

a)

b)
c)

measurement of coupling attenuation of balanced connectors, assemblies and compone
with balun and balunless added;

application of a test adapter was added,;
application of a moveable shorting plane;

nts
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d) application of the triaxial "absorber" cell;
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e) correction of test results in the case that the receiver input impedance R is higher than the

characteristic impedance of the outer circuit Zs.

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

FDIS

Report on voting

46/814/FDIS

46/822/RVD

Full information on the voting for its approval can be found in the report on voting indicated i

thel above table.

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

This document was drafted in accordance with ISO/IEC Directives, Part 2,'and developed

in

acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availapble

at www.iec.ch/members_experts/refdocs. The main document typesndeveloped by IEC
degcribed in greater detail at www.iec.ch/standardsdev/publications,

A list of all the parts in the IEC 62153-4 series, published under the general title Mets
communication cable test methods — Electromagnetic compatibility (EMC), can be found on

IECQ website.

The committee has decided that the contents of this'fdocument will remain unchanged until
stapility date indicated on the IEC website undef/webstore.iec.ch in the data related to

specific document. At this date, the document willkbe

e [reconfirmed,
e [withdrawn,
e |replaced by a revised edition, or.

e |amended.
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IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that
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.

t



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

IEC 62153-4-15:2021 © IEC 2021 -7 -

METALLIC CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-15: Electromagnetic compatibility (EMC) — Test method for
measuring transfer impedance and screening attenuation —
or coupling attenuation with triaxial cell

Scope

This part of IEC 62153 specifies the procedures for measuring with triaxial cell the trang

impedance, screening attenuation or the coupling attenuation of connectors, cable assemblies

andg components, for example accessories for analogue and digital transmission systems,
equiipment for communication networks and cabling.

Me
wit

2

asurements can be achieved by applying the device under test difectly to the triaxial cel
n the tube-in-tube method in accordance with IEC 62153-4-7.

Normative references

fer

nd

or

constitutes requirements of this document. For dated references, only the edition cited app

Fo
am

The following documents are referred to in the text in stch a way that some or all of their conIznt
li

undated references, the latest edition of ‘the referenced document (including
endments) applies.

IEG 61196-1, Coaxial communication cables — Part 1: Generic specification — Gene
definitions and requirements

IEQ TS 62153-4-1:2014, Metallicy communication cable test methods - Part 4
Eldctromagnetic Compatibility ~“(EMC) - Introduction to electromagnetic screen
melasurements

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

IEG 62153-4-4:2015, Metallic communication cable test methods — Part 4-4: Electromagn

cofl
ab

bve 3 GHz, triaxial method

S.
ny

ral,

-1:
ing

ptic

ptic

ppatibility (EMC) — Test method for measuring of the screening attenuation ag up to and

ptic

IEQ ©2153-4-7, Metallic communication cable test methods — Part 4-7: Electromagn
compatibility (EMCJ] — Test method for measuring the transfer impedance Zr and the screening
attenuation as or coupling attenuation ac of connectors and assemblies up to and above 3 GHz
— Triaxial Tube in tube method

IEC 62153-4-8, Metallic cables and other passive components — Test methods — Part 4-8:
Electromagnetic compatibility (EMC) — Capacitive coupling admittance

IEC 62153-4-9:2018, Metallic communication cable test methods — Part 4-9: Electromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method

IEC 62153-4-10, Metallic communication cable test methods — Part 4-10: Electromagnetic
compatibility (EMC) — Transfer impedance and screening attenuation of feed-throughs and

ele

ctromagnetic gaskets — Double coaxial test method
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IEC 62153-4-16, Metallic communication cable test methods — Part 4-16: Electromagnetic
compatibility (EMC) — Extension of the frequency range to higher frequencies for transfer
impedance and to lower frequencies for screening attenuation measurements using the triaxial

set

3

-up

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61196-1 and the
following apply.

3.1
trid
red

non-ferromagnetic metallic material

Not

3.2
su
Zt
for
Cirg

Not

xial cell
tangular housing in analogy to the principles of the triaxial test procedure, consisting ¢

P 1 to entry:  The triaxial test procedure is described in IEC 62153-4-3 and IEC 62153-4-4"

face transfer impedance

an electrically short screen, quotient of the longitudinal volfage U, induced to the in
uit by the current I, fed into the outer circuit or vice versa, [Q] (see Figure 1)

e 1 to entry:  The value Z; of an electrically short screen is expressed in ohms [Q] or decibels in relation to

]2 ]2
<7110
o >

Figure 1 — Definition of Z;

IEC

_U

7+ =
TI2

Z7 dB(Q) = 20-Ig il
T 1Q

her

3.3

effective transfer impedance

A=
impedance defined as:

ZTE = maX|Z|: iZT|

where Zg is the capacitive coupling impedance

)


https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

IEC 62153-4-15:2021 © IEC 2021 -9-

3.4

screening attenuation

dg

for electrically long devices, i.e. above the cut-off frequency, logarithmic ratio of the feeding
power P4 and the periodic maximum values of the coupled power P, ., in the outer circuit

P
ag =10-1g| Env|—"— (4)
r,max
Notg 1 to entry: The screening attenuation of an electrically short device is defined as:
150Q
ag =20-Ig (5)
ZTE
whdre
150[Q is the standardised impedance of the outer circuit.
3.5
coupling attenuation
ac
for|a screened balanced device, sum of the unbalance atténuation a, of the symmetric pair and
the| screening attenuation ag of the screen of the devige under test
Notg 1 to entry:  For electrically long devices, i.e. above the, cut-off frequency, the coupling attenuation a_ is defined
as the logarithmic ratio of the feeding power P, and the periodic maximum values of the coupled power P, infthe
outer circuit.
3.6
colpling length
lenjgth of cable that is inside the testyig, i.e. the length of the screen under test
Notg 1 to entry: The coupling length'is electrically short, if
2
% >10-Je;,  or  f<—0 (6)
10-L-\/ey
or glectrically long, fif
A 19
% < 2‘|~’8r1 — /& or > — (7)
2-L- e 2
where
L is the effective coupling length, in m;
o isthe free space wavelength, in m;
4 is the resulting relative permittivity of the dielectric of the cable;
¢, Iis the resulting relative permittivity of the dielectric of the secondary circuit;
ya is the frequency, in Hz;

is the velocity of light in free space, in m/s.
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3.7

device under test

DUT

connector with mating connector and attached connecting cables or cable assembly consisting
of the assembly with their attached mated connectors and with connecting cables

4 Physical background

See IEC TS 62153-4-1, IEC 62153-4-3, IEC 62153-4-4, and Annex A to Annex F.

5 | Principle of the test methods

5.1 General

U

The IEC 62153-4 series describes different test procedures to measure screefhing effectivengss
on [communication cables, connectors and components.

Table 1 gives an overview of the test procedures of the IEC 62153-4 Series carried out with the
trigxial test setup.

Table 1 — IEC 62153-4 series, Metallic communication cable test methods —
Test procedures with triaxial test'setup

IEC 62153-4 series Metallic communication cable test methods — Electromagnetic compatibility
(EMC)

IEC TS 62153-4-1 Introduction to electromagnetic<screening measurements

IEC 62153-4-3 Surface transfer impedance —\Iriaxial method

IEC 62153-4-4 Shielded screening attenGation, test method for measuring of the screening attenuation

ag up to and above 3 GHz

IEC 62153-4-7 Shielded screening attenuation test method for measuring the Transfer impedance Z
and the screening attenuation ag or the coupling attenuation a, of RF-connectors and
assemblies,up-to and above 3 GHz, tube in tube method

IEC 62153-4-9 Coupling.attenuation of screened balanced cables, triaxial method

IEC 62153-4-10 Shielded screening attenuation test method for measuring the screening effectiveneds
of\feedtroughs and electromagnetic gaskets double coaxial method

IEC 62153-4-15 Test method for measuring transfer impedance and screening attenuation — or coupling
attenuation with triaxial cell

IEC 62153-4-16 Extension of the frequency range to higher frequencies for transfer impedance and t
lower frequencies for screening attenuation measurements using the triaxial setup

Langer.connectors, cable assemblies, and components do not fit into the commercially availa|ble
test 1igs (tubes) of the triaxial test procedures of IEC 62153-4-3, IEC 62153-4-4, and
IEC 62153-4-7, respectively, which were designed originally to measure transfer impedance
and screening attenuation on communication cables, connectors, and assemblies.

Since rectangular housings with RF-tight caps are easier to manufacture than tubes, the "triaxial
cell" was designed to test larger devices, such as connectors, assemblies and components.
The principles of the triaxial test procedures in accordance with IEC 62153-4-3, IEC 62153-4-4
and IEC 62153-4-7 can be transferred to rectangular housings. Tubes and rectangular housings
may be operated in combination in one test setup (see Figure 2 and Figure 3).
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Measuring tube Connector
’/ under test
Generator / Matching Receiver
’/ resistor \
o
Hm T T AT T A = e g 1{'_‘
Y R RGN A

”

Screening cap

Tube in tube Connecting cable 126

Figure 2 — Principle depiction of the triaxial test setup (tube) to measure transfer
impedance and screening attenuation with tube in tube in accordance with IEC 62153-4-

~

In principle, the triaxial cell can be used in accordance with all triaxialprocedures of Tablg 1,
where originally a cylindrical tube is used. The screening effectiveness of connectgrs,
asgemblies or other components can be measured, in principlei(in the tube as well as in the
triaxial cell. Test results of measurements with tubes and with\triaxial cells correspond well

Connector
uhder test
/
Generator Receiver
9 \ 1 o
\ % ) (A)
Test head with
/ screening cap
Tube in tube Housing Connecting cable

IEC

Figure 3 — Principle depiction of the triaxial cell to measure transfer
impedance and screening attenuation of connectors or assemblies
with tube in tube in accordance with IEC 62153-4-7

Thetriaxial cell test setup is based on the triaxial system in accordance with IEC 62153-§4-3
and TETC 627T53-4-4, consisiing of the DUT, a solid metallic housing and an RF-tight extension
tube (optional). The matched device under test (DUT), which is fed by a generator via a
connecting cable, forms the disturbing circuit, which may also be designated as the inner or the
primary circuit.

The disturbed circuit, which may also be designated as the outer or the second circuit, is formed
by the outer conductor of the device under test, connected to the connecting cable (or the tube
in tube, if applicable) and a solid metallic housing or cell having the DUT in its axis.
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5.2 Transfer impedance

The test determines the screening effectiveness of a shielded device by applying a well-defined
current and voltage to the screen of the cable, the assembly or the device under test and
measuring the induced voltage in the secondary circuit in order to determine the surface transfer
impedance. This test measures only the galvanic and magnetic components of the transfer
impedance. To measure the electrostatic component (the capacitance coupling impedance), the
method described in IEC 62153-4-8 shall be used.

The triaxial method for the measurement of the transfer impedance is in general suitable in the
fre gueney-rangedp-te-30-MHzforat-m-sampletength-and400-MHzfera-0-3-m-sampletength,
wh|ch corresponds to an electrical length less than 1/6 of the wavelength in the samplel A
defailed description can be found in Clause 9 of IEC TS 62153-4-1:2014 as welN.as| in

IEG 62153-4-3.

5.3 Screening attenuation

The disturbing (or primary) circuit is the matched cable, assembly or component under test. The
disfurbed (or secondary) circuit consists of the outer conductor (or the otutermost layer in the
cage of multiscreen cables or devices) of the cable, or the assembly-or the device under fest
and a solid metallic housing, having the device under test in its axis (See Figure 3).

The voltage peaks at the far end of the secondary circuit have_to be measured. The near ¢nd
of the secondary circuit is short-circuited. For this measurément, a matched receiver is hot
neg¢essary. The expected voltage peaks at the far end are not dependent on the input
impedance of the receiver, provided that it is lower than the characteristic impedance of the
segondary circuit. However, it is an advantage t0. have a low mismatch, for example,|by
selecting housings of an appropriate size. A detailed description can be found in Clause 1Q of
IEG TS 62153-4-1:2014, as well as in IEC 62153:4-4.

5.4 Coupling attenuation

electromagnetic interference (EMI)~and takes into account the screening attenuation of fthe
screen and the unbalance attenuation of the pair. A detailed description of coupling attenuafion
can be found in IEC 62153-4-9:

The¢ coupling attenuation of screenéd balanced pairs describes the global effect aga}nst
i

5.5 Tube-in-tube method

If required, measurements in accordance with IEC 62153-4-7 can also be achieved in the triaxial

cell, using the triaxial cell instead of the tube fixture (see Figure 2 and Figure 3).

6 | Test procedures

6.1 General

The measurements shall be carried out at the temperature of (23 = 3) °C. The test method
determines the transfer impedance and the screening or the coupling attenuation of a DUT by
measuring in a triaxial test setup in accordance with IEC 62153-4-3 and IEC 62153-4-4.

6.2 Triaxial cell

The triaxial cell consists of a rectangular housing in analogy to the principles of the triaxial test
procedures in accordance with IEC 62153-4-3 and IEC 62153-4-4. The material of the housing
shall be of non-ferromagnetic metallic material. The length of the housing should be
preferably 1 m.
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Reflections of the transmitted signal can occur (in the outer circuit) owing to the deviation of
the characteristic impedances. The plane of the short circuit at the near end (generator side)
should be therefore preferably directly on the wall of the housing.

At the receiver side, the transition of the housing to the coaxial system impedance (50 Q-
system) should be also directly on the wall of the housing.

6.3 Cut-off frequencies, higher-order modes

The triaxial test procedure uses the principle of transverse electromagnetic wave propagation
(TEVM—=waves). At higher irequencies, the triaxial cell becomes In principle a cavity resonator,
or [a rectangular waveguide, which exhibits resonances depending on its dimensions;
se¢ Figure 4.

Abpve these resonance frequencies, propagation of TEM waves is disturbed and.measurements
of $creening attenuation with triaxial test method are limited.

N
b AT 4P
//‘ M

a IEC

Figure 4 — Rectangular waveguide

The cut-off frequency f; of a rectangular:.cavity resonator is given by:

fe=ot (8)

For a rectangular cavity resonator, the resonance frequencies can be calculated using Equafion
(9)] For this calculationy'one of the parameters M, N, P can be set to zero.

2 2 2
_G (M [NV (P
s =4 () +(2) o

wWheré

M, N are the number of modes (even, 2 of 3 > 0);
a,b,c are the dimensions of the cavity;
o is the velocity of light in free space.

NOTE Conductive parts inside the cavity resonator or a poor centring of the DUT in the triaxial cell can lead to
deviating resonance frequencies or to muting them.

Measurements of screening attenuation can be achieved up to the first cut-off frequency
(M, N=1).

The frequency range of the triaxial cell can be extended up to and above 3 GHz by using
absorber material placed on the bottom of the cell, see Annex C.
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Test equipment

The measurements can be performed using a vector network analyser (VNA) or alternatively a
discrete signal generator and a selective measuring receiver.

The measuring equipment consists of the following:

a)

a vector network analyser (with S-parameter test set), or

b) 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 power amplifier,

d)

Op

6.5

Thd
the
ran

WH
be

eqlipment. The reference”planes for the calibration are the connector interface of

corj

Wh
spl

necessary, 10r very high screening attenuation, in combination with a receiver with optiol
low-noise amplifier for very high screening attenuation;

impedance-matching circuit if necessary:

— primary side: nominal impedance of generator,

— secondary side: nominal impedance of the inner circuit,
— loss: > 10 dB.

if
al

balun for impedance matching of the unbalanced generatoroutput signal to fhe

characteristic impedance of balanced cables for measuring,the” coupling attenuatip

a mixed mode option may be used, see IEC TR 61156-1-2,

fional equipment is:

with maximum frequency up to 5 GHz and time domain capability;
absorber material.

Calibration procedure

e calibration shall be established at the same frequency points at which the measurement

ge, which is specified for the transfer impedance.

established, including #he connecting cables used to connect the test setup to the

necting cables.

tter, a THRW-\calibration shall be established that includes the test leads used to connje

en using a vector network analyser with S-parameter test-set, a full two-port calibration s:l\eall

n.

Requirements for the balun are given in IEC 62153-4-9:2018, 6)3." Alternatively, a VNA with

time domain reflectometer (TDR) with a rise time of tess than 200 ps or network analygser

of

transfer impedance is done, i.e. in@logarithmic frequency sweep over the whole frequency

st

the

en using a (vector) network analyser without an S-parameter test-set, i.e. by using a poyer

ct

0)

the| test setuplto the test equipment.
Whenrusing a separate signal generator and receiver, the composite loss of the test leads shall
be me&asured and the calibration data shall be saved, so that the results can be corrected:
P
deal :10'|9(_1j:_20'|g(s21) (1
B
where
aca s the attenuation obtained at the calibration procedure, in dB;
P, is the power fed during calibration procedure, in W;
Py is the power at the receiver during calibration procedure, in W;

is the measured S-parameter.
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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 or balun is used, the attenuation shall be measured over the
above-mentioned frequency range, and the data shall be saved.

6.6 Test leads and connecting cables to the DUT

Test leads and connecting cables to the DUT shall be well screened.

WHhen measuring transfer impedance, the transfer impedance Z,, of the connecting cables

insjde the test setup can be measured separately, either in the triaxial tube or in the triaxial gell,
expressed in mQ/m, in accordance with IEC 62153-4-3. The length of the connecting ‘€able$ in
the| set up shall be measured, the transfer impedance Z.,, calculated and be subtracted frlom

thel measured transfer impedance of the DUT.

con

WHen measuring screening attenuation or coupling attenuation, the screening attenuation or
thel coupling attenuation of the connecting cables can be measured separately, either in fhe
trigxial tube or in the triaxial cell, expressed in dB, in accordanceywith IEC 62153-4-4] or
IEG 62153-4-9.

The measured screening attenuation or coupling attenuation“of the connecting cables insjide
the| setup shall be at least 10 dB better than the measured value of the DUT.

7 | Sample preparation

7.1 Coaxial connector or assembly or quasi-coaxial component

The connector or the assembly or the component under test shall be connected to its mating
pait in accordance with the specifications of the manufacturer.

A well-screened coaxial connecting cable shall be mounted to the connector, the assembly or
thel component under test and/orvits mating part(s). One end of the connecting cable shall|be
connected to the test head 6f the test setup and matched with the nominal characterigtic
impedance of the DUT.

The screen of the otherend of the connecting cable shall be connected to the wall of the housling
(the short circuit at the generator side).

In {he case of/a‘tube-in-tube procedure, the other end of the connecting cable shall be passed
thrpugh the RF-tight tube in tube and connected to the generator. On the side of the deVice
under test; the screen of the feeding cable shall be connected to the extension tube with a low
contact resistance. On the generator side, the screen of the connecting cable shall not|be
connected to the extension tube. The extension tube shall be connected to the wall of the
housing (the short circuit at the generator side).

7.2 Balanced or multipin connectors or components

The device under test shall be connected to its mating part in accordance with the specifications
of the manufacturer.

A balanced or multi-conductor cable, which is usually used with the connector or the device
under test, shall be mounted to the connector under test and its mating part or to the device
under test in accordance with the specification of the manufacturer.
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Screened balanced or multiconductor cables or multipin conductors or components are treated
as a quasi-coaxial system when measuring transfer impedance or screening attenuation.
Therefore, at the open ends of the feeding cable, all conductors of all pairs shall be connected
together. All screens, also those of individually screened pairs or quads, shall be connected
together at both ends. All screens shall be connected over the whole circumference (see
Figure 5 and Figure 6).

One end of the connecting cable shall then be connected to the test head where the connecting
cable is matched with the characteristic impedance of the DUT.

Mated connector under test

/

1

Load resistor
IEC

Screen

Figure 5 — Preparation of balanced“or multipin connectors
for transfer impedance and screening attenuation

WHen measuring the coupling attenuation,the connecting cable shall be fed by a balun or shall
be [balunless with a VNA with multimode “option. The pair under test shall be matched by a
symmetrical/asymmetrical load. The pairs that are not under test shall be matched.

Mated connector under test

Balun
(or multiport NWA) 4!/

SRR
0

I . Symmetrical
e 8 1 asymmetrical
|| load
Sereerrof fccd‘iﬂ‘g'eab:c TEC

Figure 6 — Preparation of balanced or multipin connectors
for coupling attenuation measurement

7.3 Cable assemblies
The connectors of the assembly under test shall be connected with their mating parts on both

ends, on one end in the case of single-ended assemblies, in accordance with the specifications
of the manufacturer.

The mating connectors shall be connected with well-screened coaxial feeding cables.
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In the case of multi-pin conductor assemblies, all conductors of the assembly under test shall
be short circuited on both ends in the mating connector. If the assembly under test is connected
in its intended use directly to a specific unit and no mating connecter is available, the
manufacturer of the assembly shall provide an appropriate mating connector or an appropriate
adaptation. The mating connector or the adaption shall be well screened, at least 10 dB better
than the device under test. Care shall be taken to ensure that the connection of the connecting
cable to the mating connector or the adaption is well screened.

7.4 Other screened devices

Thn ceraanina—affactivanaocc of athar chinaldad aor coroanad daovicoc o o coroaanod o ble
p—o CTre e g— e oty e eSO ot e o TG e o— O tre e a— otV e CoT— g CTre e e e—C

conduits, may also be measured with the triaxial cell. They shall be prepared and treated| as
quasi-coaxial systems.

8 | Transfer impedance (short-matched)

8.1 General
IEC 62153-4-3 describes three different triaxial test procedures:

— [test method A: matched inner circuit with damping resistor in-outer circuit;

— |test method B: inner circuit with load resistor and outer circuit without damping resistor;
— |test method C: (mismatched)-short-short without damping’resistor.

The procedure described herein is in principle the same as test method B of IEC 62153-4-3 (the

tuble being replaced by a cell): Matched inner circuitywithout the use of the impedance matchjing
adTpter and without the damping resistor R,. It has‘a higher dynamic range than test methofl A

of [EC 62153-4-3.

0]

—

her procedures in accordance with 62153-4-3 may be applied accordingly, if required.

8.2 Principle block diagram of transfer impedance

A block diagram of the test setup.to measure transfer impedance in accordance with test method
B gf IEC 62153-4-3 is shown:ir Figure 7.

Terminating resistor R,

Coupling length L _ Triaxial Cell
Cable’sheath | > /
[ Callibrated receiver
/ or network analyzer
Signal \
generator | |
[ ]
1 U.
1 2
A ~ h Uy
/ | : -
[ ] I'I
Input voltage U, /
/ Tube
Cable screen IEC

Figure 7 — Test setup (principle) for transfer impedance measurement
in accordance with test method B of IEC 62153-4-3
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8.3 Measuring procedure

The length of the connecting cables inside the cell to connect the DUT shall be measured.

The transfer impedance of the connecting cables, which connect the DUT, shall be measured
in accordance with IEC 62153-4-3. The measured value shall be related to the length of the
connecting cables inside the cell to connect the DUT, the result being the transfer impedance
of the connecting cables, Z .

The DUT shall be connected to the generator and the outer circuit (cell) to the receiver.

Thd

fre
as

b

p attenuation, a,.,5, Shall be measured in a logarithmic frequency sweep over the wh

juency range, which is specified for the transfer impedance and at the same frequency po
for the calibration procedure:

ole
nts

P
meas =10~Ig[—1j=—20~lg(521) 11)
B
where
Améas is the attenuation measured at measuring procedudre;’in dB;
Py is the power fed to inner circuit, in W;
Py is the power in the outer circuit, in W;
So1 is the measured S-parameter.
8.4 Evaluation of test results
Theé conversion from the measured attenuation to the transfer impedance is given by followjing

for

mula:

dmeas —dcal
Zr :@-10_(2"] Zeon 12)
where
Z1 is the\transfer impedance, in Q;
Zy is the system impedance (in general 50 Q);
Ambas is the attenuation measured at measuring procedure, in dB;

procedure of the test equipment, in dB;

R, is the terminating resistor in inner circuit (either equal to the impedance of the inner
circuit or the impedance of the generator), in Q;
Zson is the transfer impedance of connecting cables, in Q.

NOTE Contrary to the measurement of the transfer impedance of cable screens, the transfer impedance of
connectors or assemblies is not related to length.

8.5 Testreport

The test report shall record the test results and shall conclude if requirements of the relevant
detail specification are met.
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9 Screening attenuation

9.1 General

This method is in principle the same as that described in IEC 62153-4-4.

9.2 Impedance matching

Measuring of screening attenuation can be achieved with or without impedance matching.

If the characteristic impedance of the DUT is unknown, the nominal characteristic impedance
of the quasi-coaxial system can either be measured by using a TDR with a maximum-200| ps
ris¢ time or using the method described in Annex A of IEC 62153-4-4:2015.

Anlimpedance matching adapter to match the impedance of the generator and-the impedance
of the quasi-coaxial system is not recommended because it reduces the dynamic range of the
test setup and may have sufficient matching (return loss) only up to 100 MHz"when using sglf-
made adapters that are necessary for impedances other than 60 Q or 75 Q (see Annex H of
IEC 62153-4-4:2015).

9.3l Measuring with matched conditions
9.3.1 Procedure

The¢ DUT shall be connected to port 1 and the test head &P the setup shall be connected to gort
2 of the vector network analyser (Figure 7).

The scattering parameter S5, shall be measured:

Only the peak values of the obtained screening attenuation graph are used to determine fthe
enyelope curve.

9.3.2 Evaluation of test results

The screening attenuation ag shall be calculated with the arbitrary determined normalised value
Zg F 150 Q.

r,max PZ,max R
=Env{—20|g|521|+10|g 30200‘}—0%& 14)
where
ag is the screening attenuation related to the radiating impedance of 150 Q, in dB;
Env is the minimum envelope curve of the measured values, in dB;
So4 is the scattering parameter S,, (complex quantity) of the setup where the primary side

of the two port is the DUT and the secondary side is the tube;
Z, is the characteristic impedance of the device under test, in Q;

R Is the input impedance of the receiver;
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ag  is the attenuation of the impedance matching adapter — if used and if not taken i

account otherwise, e.g. during the calibration procedure of the network analyzer.

nto

This conversion — Equations (13) and (14) — from the measured forward transfer scattering
parameter S, to screening attenuation is only valid if the characteristic impedance of the outer

circuit Z, is higher than the input impedance of the receiver R (see IEC TS 62153-4-1:2014,

Clause 9). In the case where the receiver input impedance R is higher than the characteristic
impedance of the outer circuit Z,, a correction factor may be applied (see Annex E).

De
An

At
be

9.4.

The DUT shall be connected to port 1 and the test head of the setdp shall be connected to g
2 of the vector network analyser.

If not known, the characteristic impedance Z, of the DUT ghall be measured (see 9.2).

The scattering parameter S,4 shall be measured.

On
en

9.4.2 Evaluaton of test results

The screening attenuation ag, which is comparable to the results of the absorbing clamp meth
sh3ll be calculated with the arbitrary determined normalised value Zg = 150 Q.

Q.j Measuring with mismatch
1

in

ails of attenuation versus the forward transfer er\nffnring pnrnmnfnr QLI are gi\/nn
hex G.
requencies lower than the limit of the electrically long coupling length, the measurement

similar to that for surface transfer impedance.

General

y the peak values of the obtained screeningrattenuation graph are used to determine
elope curve.

B 2-Zg
R

B

a; =10-Ig =10-Ig

r,max P2,max

will

ort

the

15)

16)

:E”V'{—20'|9|521 |+10~|g‘1—r2‘+10-lg‘ 3020 Q ‘}
y
where
ag is the screening attenuation related to the radiating impedance of 150 Q, in dB;

is the receiver input impedance, in Q;

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

1

is the scattering parameter S,, (complex quantity) of the setup where the primary s
of the two port is the DUT and the secondary side is the tube;

Z is the normalised value of the characteristic impedance of the environment of a typical cable installation.
in no relation to the impedance of the outer circuit of the test setup.

ide

Itis
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r is the reflection coefficient between the generator's impedance and the nominal
characteristic impedance of the cable under test: r = [%] ;

Zy is the characteristic impedance of system, in Q, (usually 50 Q);

Z4 is the characteristic impedance of the device under test, in Q.

This conversion — Equations (15) and (16) — from the measured forward transfer scattering
parameter S, to screening attenuation is only valid if the characteristic impedance of the outer

cirguit Zo 1S Nigher than the Input Impedance of the receiver i (see IEL 15 02105-4-1:4U 14,

Clduse 9). In the case where the receiver input impedance R is higher than the characterigtic
impedance of the outer circuit Z,, a correction factor may be applied (see Annex E).

9.5 Test report

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

If g limiting value of the radiating power is specified for a system operated with a defined poyer
level, the difference between the power level and the limit of radidting power shall not be gregter
than the screening attenuation of the cable provided for the system.

10| Coupling attenuation

101 General

Mejasuring of coupling attenuation shall be in_accordance with IEC 62153-4-9.

IEG 62153-4-9 describes both, measuring with balun and balunless measurements. To measpre
the coupling attenuation, as well as todmeasure the unbalance attenuation, a differential signal
is nequired. This can, for example, be generated using a balun which converts the unbalang¢ed
sighal of a 50 Q network analysertinto a balanced (usually 100 Q) signal.

Alternatively, a balanced signal may be obtained by using a vector network analyser (VNA)
haying two generators with'a phase shift of 180°. Another alternative is to measure with a mylti-
poit VNA (virtual balun)>The properties of balanced pairs are determined mathematically frlom
thel measured values) of each single conductor of the pair against reference ground. The
coyerable frequency range for the determination of the reflection and transmissipns
characteristicstof*symmetrical pairs is no longer limited by the balun, but by the VNA and the
connection technique.

A detailed description of mixed mode parameters is given in Annex C of 62153-4-9:2018.

10.2 Procedure
10.2.1 Coupling attenuation with balun

The DUT is connected to the connecting cables in accordance with the instructions of the
manufacturer and terminated at the far end by differential and common mode terminations in
accordance with IEC 62153-4-9. The sample is then centred in the cell.

The DUT shall be connected via a balun to port 1 (i.e. it is exited in differential mode) and the
test head of the setup shall be connected to port 2 of the vector network analyser. The forward
transfer scattering parameter S, shall be measured.
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Only the maximum peak values of the measured forward transfer scattering parameter S5, shall
be recorded as a function of the frequency in order to determine the envelope curve.

Attenuation introduced by the inclusion of adapters, instead of direct connection, and the
attenuation of the balun shall be taken into account when calibrating the triaxial apparatus.

The maximum peak values of the measured forward transfer scattering parameter S, are not

dependent on the diameter of the outer tube of the triaxial test setup or on the characteristic
impedance Z, of the outer system, provided that Z, is larger than the input impedance of the

regetver-

10/2.2 Balunless coupling attenuation

IEG 62153-4-9 describes the measurement with a standard test head as well as-with an open
test head. The method described herein is the method with a standard head. According to
IEG 62153-4-9, measurements can be performed with balun or balunless) The balunlg¢ss
prgcedure with the standard test head is shown in Figure 8.

The DUT is connected to the connecting unit and terminated at the . farend by differential and
common mode terminations, in accordance with IEC 62153-4-9. The sample is then centred in
the] cell.

Generator

Tube Balanced/
‘! unbalanced load
@ TP-connecting f
\ unit CUT Screenlng cap Receiver

Generator
IEC

Figure 8 — Principle test setup for balunless coupling attenuation
measurement according to IEC 62153-4-9

Cohnecting cables shall be connected to the TP connecting unit in accordance with
IEC 62153-4-9.

The voltage ratio Uyi/Uoax Shall be measured with calibrated VNA (or calibrated genergtor
and receiver) and corrected with regard to the influence of test leads and connecting units.

10.3 Expression of results

The attenuation of the balun or the TP-connecting unit shall be subtracted from the measuring
results. The coupling attenuation a_ shall be calculated with the normalised value Zg = 150 Q:

Fiff +10.|g\ Poom | dB, (17)

Feom ‘ r, max

. =10-Ig/-24_| _10.1g

r,max

o =20-1g| it 0. |g{Z°°m}+2o jg| -Jeom_

com diff 2,max

+1o.|g{2'28} B, (18)

com
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i 2-Z
aczzo-lgﬂno-lg[—s} dB, (19)
2,max Z i
where
ag is the coupling attenuation related to the radiating impedance of 150 Q, in dB;

Pyiss s the input power in the differential mode, in W;

P.om is the output power which couples to the common mode, in W;

P, hax is the periodic maximum value of the common mode radiated power, in W;
Ugite  is the input voltage in the differential mode, in V;

U.dm is the output voltage in the common mode, in V;

Uy Imax i1 maximum output peak voltage in the common mode, in V;

Zq4itr  is the nominal characteristic differential mode impedance of the differential mode
(balanced), in Q;

Z.dm the characteristic common mode impedance (unbalanced),in"Q;

Zg is the normalised value of the characteristic impedanceof the environment of the calle,
in Q.

104 Test report

th

The test report shall indicate whether the results @minimum coupling attenuation comply W
thel value indicated in the relevant cable specification.

If a limiting value of the radiating power is spéCcified for a cable system operating with a defiped
power level, the difference between the power level and the limit of radiating power shall pot
be |greater than the coupling attenuation*of the cable provided for the system.
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Annex A
(informative)

Principle of the triaxial test procedure

A.1 General

With the triaxial test setup, one can measure the transfer impedance at the lower frequency

ra

Thd

ge and the Qr‘rppning attenuation or the r‘mlpling attenuation at highpr frpqnpnr‘ipq

a gelective measuring receiver) and a tube with terminations to the cable screen ‘and
nefwork analyser or receiver. The material of the tube shall be well conductive and n

fer

omagnetic, for example brass or aluminium.

The cable under test (CUT), which is centred in the middle of the tube, forms together with

tubl

is formed by the screen under test and the tube.

Generator Screen under Tube Matching resistor Receiver
/ test (DUT) /
- '/ R S T A
7
| - r ! (2
AY) - (2
Short circuit

Screening cap [EC

Figure A.1 — Principle test setup to measure transfer impedance
and screening attenuation

The CUT is terminated with-its"characteristic impedance at the far end (see Figure A.1).

e test setup consists of a network analyser (or alternatively a discrete signal generatotr and

the
bn-

the

e a triaxial system (see Figure A.1). The inner system is the CUT itself'and the outer system

The screen under test.is short circuited with the tube at the near end of the generator. Owjing
to this short circuit, the influence of capacitive parts is excluded.

A generator wjith the voltage U, feeds the inner system. The voltage U, is measured wit

me

@asuring (receiver with an input impedance larger or equal to the characteristic impedancg

thel outerseircuit, see Figure A.2.

N a
of
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Short Z, (v,) i Up Py
i 4
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Thd

regpectively the outer system. At the short circuit at the near end side’of the generator,
ve is totally reflected, so that the receiver measures the complete energy that couples

wa
thr

A.]

At
Uy

IEC

A.]

At

U, P T
Zg () o 'z Z,, (vy) Z, (R)
I
|
}
|

IEC

Figure A.2 — Equivalent circuit of the principle of the test setup in Figure A.1

bugh the screen.
P Transfer impedance
Uj:

L

1

detailed description of the_ctransfer impedance is given in IEC 62153-4-1 and
[ 62153-4-3.

8 Screening attenuation

il Ui 22

2
Z4

—
0
-

2 2

7 ]:2049(
P max U

aS=10-lg[ J+10~Ig
max

if Z; << Z, A

b energy, which couples through the weak screen, travels into both directions of the tupe,
the

he low frequency range, the transfer impedance Zyinay be calculated from the voltage ratio

1)

nigh frequencies, the logarithmic ratio of the input power P, to the measured power P, in fthe
outer circuit gives the screening attenuation ag.

2)

In order to compare the screening attenuation with other test procedures in accordance with
IEC 62153-4-4, the measured ratio of power P, to P, is related to the standardized characteristic

impedance of the outer system of Z, = 150 Q (for further details see IEC TS 62153-4-1:2014,
Clause 9):

P1 2'Zs

ool

i

r,max 2,max R 2,max Z1 ZR

aS=10-|g[

2
]zm..g (LJ 2R 275 A3
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aS:’IO-Ig(i ]:ZO-Ig(ﬂ ]+1o-|g‘2'zS (A.4)
£ lmax U2lmax Z

where

P, is the power fed to the DUT (inner system), in W;

Py is the power measured at the receiver (outer system), in W;

P, is radiated power related to the normalised impedance of the environment

Zg =150 Q;

U, is the input voltage of the DUT, in V;,

U, is the voltage measured at the receiver, in V,

ZR is the input impedance of the receiver, in Q;

Zg is the output impedance of the generator, in Q;

Zg is the arbitrary determined normalized impedance of the enviroriment of a typical caple

installation Zg = 150 Q.

A (detailed description of the screening attenuation is{given in IEC 62153-4-1 and| in
IEC 62153-4-4.

A.4 Coupling attenuation

Balanced cables, connectors, assemblies or ‘devices that are driven in the differential m¢de
maly radiate a small part of the input power, . due to irregularities in the symmetry of the pair. for
unsgcreened balanced cables, connectors,“assemblies or devices, this radiation is related to the
unbalance attenuation a,. For screenéd balanced cables, connectors or assemblies, fhe

unbalance causes a current in the screen that is then coupled by the transfer impedance and

capacitive coupling impedance into) the outer circuit. The radiation is attenuated by the scrg¢en
of {he component and is related_to the screening attenuation ag.

Copsequently, the effectiveness against electromagnetic disturbances of shielded balang¢ed
cables, connectors or.assemblies is the interaction of the unbalance attenuation a of the gair

and the screening, attenuation ag of the screen.

DUT Tube Balanced/
’/ unbalanced load

\

Generator Balun Screening cap Receiver o

Figure A.3 — Coupling attenuation, principle of test setup
with balun and standard tube

Coupling attenuation ac is determined from the logarithmic ratio of the feeding power P;; and
the periodic maximum values of the power P, nax (Which may be radiated due to the peaks
of voltage U, in the outer circuit).
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To measure the coupling attenuation, as well as to measure the unbalance attenuation, a
differential signal is required. This can, for example, be generated using a balun that converts
the unbalanced signal of a 50 Q network analyser into a balanced signal.

Alternatively, a balanced signal may be obtained by using a vector network analyser (VNA)
having two generators with a phase shift of 180°. Another alternative is to measure with a multi-
port VNA (virtual balun). The properties of balanced pairs are determined mathematically from
the measured values of each single conductor of the pair against reference ground. The

coverable frequency range for the determination of the

reflection and transmissions

characteristics of symmetrical pairs is no longer limited by the balun, but by the VNA and the

Col

' 4 loiart
NTUUHUITT ICUTITITYuUcT.

A detailed definition of mixed mode S-parameters for measurements with virtual balufi/is”gi

in [EC 62153-4-9:2018, Annex C.

Generator

Tube

Balanced/
unbalanced load

4

©

TP-connecting
unit

\

Generator

The coupling attenuation ag, which is:=Comparable to the results of the absorbing clamp meth
shall be calculated with the arbitrary determined normalized value Zg = 150 Q:

\

CuUT

\

Screening cap

Figure A.4 — Coupling attenuation, principle of setup
with multiport:VNA and standard head

@

/

Receiver

IEC

en

ac =10-1g/8T | 4 10.1g|Feom | dB, (A.5)
com r, max
ag = 20.Ig| i +1O-Ig{zcom}+204lg Yeom_ +1o.|g{2'28} dB, (A.6)
com diff 2,max com
N Ugg | 275 ]
ac = 20-1g +IU.IQL J A7)
U2 max Ziff
A detailed description of the coupling attenuation is given in IEC 62153-4-1 and in

IEC 62153-4-9.


https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

Lar
the

- 28 — IEC 62153-4-15:2021 © IEC 2021

Annex B
(informative)

Triaxial cell

ger connectors and cable assemblies do not fit into the commercially available test rigs of
triaxial test procedure, which were designed originally to measure transfer impedance and

screening attenuation on communication cables, connectors, and assemblies.

Th¢
calf
car

Tu

B Triaxi W i Vi ies, iany HV
les and components for electromotive vehicles. The principles of the triaxial test procedufes
be transferred to rectangular housings.

bes and rectangular housings can be operated in combination in one test rig. (Thé screenjing

effectiveness of larger connectors or devices can be measured in the tube, asiwell as in the

trig

Thd
pra
shd

Re

xial cell. Test results of tube and cell measurements correspond well.

b triaxial cell consists of a rectangular housing in analogy to the principles of the triaxial fest
cedure, in accordance with IEC 62153-4-3 and IEC 62153-4-4, The material of the housfing
Il be of non-ferromagnetic metallic material; see Figure B.1 and/Figure B.2.
DUT
\
Generator Receiver
Test head with
/ f screening cap
Tube in tube Housing Connecting cable IEC

gure B.1 — Principle depiction of the triaxial cell to measure transfer impedance and
screening attenuation on a connector with tube-in-tube according to IEC 62153-4-7|

flexions of therransmitted signal may occur (in the outer circuit), owing to the deviation of

the| charactetistic impedances. The plane of the short circuit at the near end (generator sife)
shaquld be.therefore preferably directly on the wall of the housing of the cavity without any

additiomahtube.

At

he Teceiver side, the transition of the housing to the coaxiat 50 systenT shoutd be also

directly on the wall of the housing.
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Annex C
(normative)

Triaxial absorber cell

C.1 Cut-off frequencies, higher order modes

The triaxial test procedure uses the principle of transverse electromagnetic wave propagation

or

(TFM wn\/pq) At highpr frpqupnr‘ipc the triaxial cell hecomes in prinr‘iplp a r‘a\/ify resonator

a
Fig

Ab
of 4

Thd

The
the

leald to deviating resonance frequencies or to mute them.

ectangular waveguide, which exhibits resonances depending on its dimensions;\
ure C.1.

pve these resonance frequencies, propagation of TEM waves is disturbed and measureme)
screening attenuation with the triaxial test method are limited.

N
b AT 4P
//‘ M

a JEC

Figure C.1 — Cavity orrectangular waveguide

p cut-off frequency f,, of a cavity is givenby:

_‘ (
Je 2a (

b resonance frequencies-can be calculated with Equation (C.2). For this calculation, one
parameters M, N, R.may be set to zero. Conductive parts inside the cavity resonator

e -2 (3 (&) :

bee

nts

1)

of
ban

.2)

wh

Bre

M, N, P are the number of modes are the numbers of modes, where M, N stands for the
transverse and P for the longitudinal integral multiple of the half of a wavelength (M, N,

P=1,2,3 where M or N can be set to zero);

a, b, ¢ are the dimensions of cavity where a, b are coupled to the transverse and ¢ to

€o

longitudinal dimension;
is the velocity of light in free space.

the

According to Equation (C.2), the cut off frequency for a triaxial cell with dimensions of, for
example, 1 000 mm by 300 mm by 300 mm is about 500 MHz; for a triaxial cell with dimensions
of 1 000 mm by 150 mm by 150 mm, it is about 1 GHz. Above the cut-off frequencies, different

res

onance peaks can be observed; see Figure C.2.
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Figure C.2 shows comparable measurements screening attenuation of a cable RG 214 with a
single-braid construction between a standard tube with a 40 mm inner diameter and different

triaxial cells.
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thelse frequencies, measurements with triaxial cells are unreliable.

C.

The problem of resonances and/or higher-order modes in the cell can be solved easily by u
abgorber material,
namnocrystalline-material or magnetic flat absorbers, see Figure C.3.

Figure C.2 — Comparison of the measurements of a RG 214
cable with 40 mm“tube and triaxial cells

mpared to a measurement in the tube, different resonance peaks can be observed in

asurements with a triaxial cell of*1 000 mm by 150 mm by 150 mm, and of 1 000 mm
mm by 300 mm, from aboutx500 MHz upwards and 1 GHz upwards, respectively. Ab

Absorber

placed on the bottom of the cell. The absorbers may be ferri

DUT

\j

IEC

the
by
pve

ing
Sa

Generator Receiver

A\

(2)

Ay

Ferrite tiles
s s Y | — —

f

Housing

[ ] ]

Test head with
screening cap

/

Tube in tube Connecting cable

IEC

Figure C.3 — Principle of the triaxial cell with tube in tube and ferrite tiles as absorber
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Figure C.4 shows measurements in triaxial cells with magnetic flat absorbers. Resonances
and/or higher-order modes are suppressed. With absorber material in the cell, the usable
frequency range can be extended up to and above 3 GHz. The maximum peak values of the
measurements with absorber in the cell show a difference respectively an additional attenuation
of about 3 dB at 3 GHz.
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Figure C.4 — Comparison‘of the measurements of an RG 214
with 40 mm tube and.triaxial cells with magnetic absorber

Although other absorber materials, such as ferrites or nanocrystalline absorbers, could|be
useful, magnetic flat absorbérs are recommended because of their good mechanical
characteristics and easy handling; see Figure C.5.

IEC

Figure C.5 — Examples of magnetic flat absorber
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C.3 Influence of absorber

Measurements of Figure C.4 with absorber in the cell show an additional attenuation of about
3 dB at 3 GHz owing to the influence of the absorber.

The influence of the absorber in the cell can be measured by an S11 measurement, in
accordance with Figure C.6. The test head of the cell is connected with a tube of copper or
brass with the same diameter as the connecting case of the test head. The copper or brass
tube is short circuited at the generator side (near end).

Perform a measurement without absorber and a measurement with absorber in the cell] in
acgordance with Figure C.6.

The difference of both measurements is the influence of the absorber and shall bé used for the
correction of the test results.

Generator Test head Tube in tube Short circuit
A

N 1

> <

" Total reflexion
O A N
\J Bridge Magnetio,absorber

(S S e e e I | =)

Receiver Housing, or triaxial cell
IEC

Figure C.6 = Setup for correction measurement

Figure C.7a and Figure C.7b.show examples of S11 measurements in the cell without and with
abgorber.

Frequency, 1 (MHz) Frequency, * (MHz)
500 1000 %\ _1 500 2000 2500 3000 0 500 1000 1500 2000 2500 300p

Return loss (dB) --

VX
- Return {4 &4 N -
=16 |-loss (dB) -2l

IEC oV IEC

a) S11 measurement without absorber b) S11 measurement with absorber

Figure C.7 — Correction measurement
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Annex D
(informative)

Application of a moveable shorting plane

D.1 Coupling transfer function

IEC 62153-4-15:2021 © IEC 2021

Depending on the length of the device under test and the frequency, the screening effectiveness

is

ivided into the transfer imlnpr'lnnr‘p and the Qnrppning attenuation The r‘nnpling transfer

function in Figure D.1 shows the transfer impedance Z; and the screening attenuation ag\g

cable screen versus frequency.

Wi

mefsured in one test setup.

Coupling transfer function (Ed.2) RG 214

20

Undefined

Transfer impedance, Z. (mOhm/m)

0,1

A 30 kHz - 3 GHz Test length: 0,93 m
P00 . ‘
 fe(ti) (IEC 62153-4-3) v fc(sa) (IEC 62153-4-4)
00 | S S SO S IS N 3 3 3
L S Y o NN S N Screéning ,,,,,,

attenuation

h the triaxial procedure, the transfer impedance Z; and the screening attenuation ag can

fa

be

Screening attenuation as(150), (dB)

200

50

0,5 1 2 5 10 20
Frequency, f (MHz)

-
1 lsul .

screen versus frequency with the triaxial cell

500 1000 2000

JEC

In the DC range, at very low frequencies, the transfer impedance of a braided screen is equal
to the DC resistance. In the range of about 1 MHz to 10 MHz, the value of the transfer
impedance drops down to lower values (at optimized braids) and increases then by about 20 dB

per decade towards higher frequencies.
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The coupling transfer function T, ¢ gives the relation between the screening attenuation ag and
the transfer impedance Zt of a cable screen. In the lower frequency range, where the cable
samples are electrically short, the transfer impedance Z; can be measured up to the cut-off
frequencies f., . Above these cut-off frequencies f;, s in the range of wave propagation, the
screening attenuation ag is the measure of screening effectiveness. The cut-off frequencies f,

may be moved towards higher or lower frequencies by varying the length of the cable under
test.

The upper cut off frequency f,,,,.z1 for measuring the transfer impedance depends on the test
method used (see IEC 62153-4-3) and may be approximated by:

0]
< (D.1)
fmax ZT 6. 1—8”1 'Lc

th

The lower cut off frequency f,i,.as fOr measuring the screening attenuation.in accordance V
IEG 62153-4-4 is given by:

'LC

fmin—as 2 =

WhHere

f | is the frequency, in Hz;

cg | is the velocity of light in free space, in m/s;

&4| is the relative dielectric constant of the.inner system;
&o-| is the relative dielectric constant of,the outer system;
L. | is the coupling length, in m.

FigLure D.1 shows the cut-offifrequencies of the transfer impedance Zt and of the screenfing
attgnuation ag. For a cable/of 1 m in length and a relative dielectric permittivity of the inper

sygtem ¢, of 2,28, one_obtains an undefined range or a "grey zone" in the frequency range from
about 30 MHz to about 300 MHz.

D.2 Effect'of the measurement length on the measurement cut-off frequency

The distance of the shorting plane of the outer system of the triaxial test setup and the screenjing

cap of'the test head ("measurement length") defines the cut-off frequency for the measurement
barmmmmmmmw i T i = L fred; ter

distance between shorting plane and test head is needed. A detailed description of this context
can be found in Clause 9 of IEC TS 62153-4-1:2014 as well as in IEC 62153-4-3.

D.3 Details of the movable shorting plane

The introduction of a movable shorting plane to the triaxial setup in combination with the tub-
in-tube method is shown in Figure F.1. It gives full flexibility in choosing the shorting plane
distance and therefore the cut-off frequency of the screening measurement.
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Figure D.2 — Cross-section of triaxial cell with movable shorting plane

The¢ main requirements for such a plane are a sufficient conductivity of the.plane material,| as
well as a sufficiently low contact resistance between the tube-in-tube and\the plane, as well as
thel contact resistance between the plane and the outer housing, of/the triaxial cell. The
application of suitable spring contacts, which are also used in other,EMC applications, help$ to
engure these contact requirements. Figure D.2, Figure D.3 and Figtre D.4 give design examplles
of such a plane-to-housing contact solution, and a plane-to-tube‘contact solution.

IEC



https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

IEC 62153-4-15:2021 © IEC 2021 - 37 -

IEC

Figure D.4 — Detail H of Figure D.3: contact between plane and housing
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Figure D.5 — Detail G of Figure D.3: contact between plane and tube-in-tube

D.4 Measurement results

Figure D.6 shows a compilation of transfer impedance measurements made on one test samjple
with different shorting.plane distances applied. The closer the plane gets to the test sample,
the higher the cut-off frequency is located in the diagram.

Since the test.sample is of a very short elongation, it therefore provides a locally concentralted
coypling ared. This results in measurement curves with steadily increasing maximum vallies
with a rippled character. The ripples are generated by a quarter wave cancellation of fhe
reflected wave at the shorting plane. The envelope curve in red indicates the theoretical trangfer
impedance character of a single coupling area (as of the connector under test).
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Figure D.6 — Compilation of transfer impedance test results
with different shorting plane-distances

principle, the undefined range could be covered by varying the length of the device un

DUTs with fixed length, for example, cable,assemblies.

hce, it should be discussed how the_goupling transfer function could be the measure for
eening effectiveness, including transfer impedance and screening attenuation.

coupling transfer functionas shown in Figure D.1. The length of the test setup could
d to 1 m. The value of the'minimum of the screening attenuation at 1,,;,.55 could be extend

EC

der

t. But varying the length of the device under, test is not always desired or possible in the case

the

62153-4-7 is being revised. During this revision, it should be discussed how to introdlice

be
ed

max-zT and be the measure of the screening attenuation. With this extension, the screenfing

bctiveness, consisting of transfer impedance and screening attenuation, is explig
cribed over thé complete frequency range.

thermorejwith the new procedure of IEC 62153-4-3, the cut off frequency f,,4.z1 Of
nsfer impedance can be moved towards higher frequencies and the undefined range can

itly

the
be

To

compare different devices and for qualification purposes, the proposed application of

coupling transfer function is useful in any case.

he
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Annex E
(informative)

Correction in the case that the receiver input impedance R is higher
than the characteristic impedance of the outer circuit Z,

E.1 Impedance Z, lower than the input impedance of the receiver

If t|

reg
scattering parameter S,; will depend on the input impedance of the {(receiver

(see IEC TS 62153-4-1:2014, Clause 9 and Figure E.1). In this case, a correction factor shall
be used to correct the test results.

Frequency (MHz)
0 100 200 300 400 500 600 700 800 900 1.00d

Z, =150 Ohm

-100 ~\

‘ IEC

S,, (dB)

\ E4_E oot f | ‘ : ordife

impedances in the outer circuit where the receiver input impedance is 50 Q

The characteristic impedance of Z, of the outer circuit can either be measured with a time
domain reflectometer TDR or — if the DUT has a uniform cylindrical shape — be calculated in
accordance with Equation (E.1).

ZZ:GOQ-In(LZ?-gj (E.1)

5
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where

&y

d
D

E.2 Correction

is the dielectric permittivity in the outer circuit;

is the diameter of the device under test, in mm;
is the width of the cell, in mm.

A
/

IEC

Figure E.2 — DUT with uniform cylindrical shape in the centre of the cell

For a DUT with uniform cylindrical shape _resulting in an impedance of the outer circuit loyer
than the receiver input impedance, a correction factor is obtained with Equation (E.2). This
cofrection factor shall be added to the measured forward transfer scattering parameter S, {for
a nlegative dB value, see Annex G).
R i
Aeorr = —20~Ig[—j (E.2)
Zy
WhHere
agopr is the correction factor;
R is theJinput impedance of the receiver, in Q;
Zy is the characteristic impedance of the outer circuit, in Q.
Fornonuniform DUTS, the correction is not straightiorward because additional reflections

superpose the results. This case is under further study.
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Annex F
(informative)

Test adapter

When measuring transfer impedance or screening attenuation on connectors or cable
assemblies, test adapters are required, see Figure F.1 and Figure F.2.

Test adapters may limit the sensitivity of the test setup. Therefore, test laboratories shall

confduct qualtification tests with their existing adapter hardware 1o establish the noise 1100f(s)
for|the entire test system. Should the qualification test require connecting cables, thesé-shall

haye a tubular outer conductor. Measurements are considered as 'valid' as long.as

mejasured value is at least 6 dB above the sensitivity established.

the

Test adapters shall be assembled in agreement between the manufacturer (or the supplier) of
thel device under test and the test laboratory.

:

Measuring tube

Generator \‘

Connector under test
\ Adapter

&)

Receiver

Generator

y

= D
A

/

Extension tube

\ Screening cap

Connecting cable IEC

Figure F.1 — Principle of the test setup to measure transfer impedance

and screening or coupling attenuation of connectors

Connector interface

Measuring tube

1

Assembly under test
Connector interface

Receiver

&)

N

= o

1A

Extension tube,

variable length

Screening cap

Connecting cable

IEC

Figure F.2 — Principle of the test setup to measure transfer impedance
and screening attenuation on a cable assembly
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Annex G
(informative)

Attenuation versus scattering parameter §,,

Sometimes, confusion arises between attenuation and the forward transfer scattering parameter
S54. By definition, attenuation is the logarithmic ratio of the power at the input of a DUT to the

power at the output of the DUT. The forward transfer scattering parameter S,, relates the output
signal to the input signal.

For passive components, the image attenuation [depending on the device also named "vae
attgnuation" or "two-port attenuation" or "operational (Betriebs) attenuation" under“matched
conditions] is positive (as the output signal is smaller than the input signal), whereas the
scattering parameter S,, is negative. Therefore, in the equations to convert,thé measured

scgttering parameter S, to the screening or coupling attenuation, a minus sign.is used in frpnt
of {he S, term (see 9.3.2 and 9.4.2).

Further details are described in IEC TR 62152.

Figure G.1 and Figure G.2 show the S,, measurement of a 3 dB attenuator. The measuremeints

haye been done with two different network analyzers and the results show negative values|as
expected.

CH2 S54q log MAG 1 dB/ REE/O dB 2_:-2.9732dB
(100.00Q 000 MHz
1]:-2.9146 dB
40 MHz
7
i
BRm3"
e€?
1
START 40.000 000 MHz STOP 100.000 000 MHz

IEC

Figure G.1 — Measurement with HP8753D of §,, of a 3 dB attenuator
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Figure G.2 — Measurement with ZVRE of §,, of a 3 dB attenuator
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODES D’ESSAIS DES CABLES METALLIQUES
ET AUTRES COMPOSANTS PASSIFS -

Partie 4-15: Compatibilité électromagnétique (CEM) — Méthode d’essai

d’écran — ou de I’affaiblissement de couplage avec cellule triaxiale
AVANT-PROPOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nornialisation compd
He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). WTEC a pour obje

‘électricité et de I'électronique. A cet effet, '|[EC — entre autres activités — publie des<Normes internationg
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée“a des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut™ participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison ayec/A’'|IEC, participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationate de Normalisation (ISO), selon

Conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'|EC concernant les questions. techniques représentent, dans la mesur
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intéreq
sont représentés dans chaque comité d’études.

| es Publications de I'lEC se présentent sous la forme de“recommandations internationales et sont agrg
comme telles par les Comités nationaux de I'IlEC. Tous les efforts raisonnables sont entrepris afin que |
5'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsablg
‘éventuelle mauvaise utilisation ou interprétation qui“en’ est faite par un quelconque utilisateur final.

PDans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nation

Fégionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend

conformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificg
ndépendants.

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

Aucune responsabilité me 'doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai
y compris ses experts ‘particuliers et les membres de ses comités d'études et des Comités nationaux de Il
pour tout préjudicé causé en cas de dommages corporels et matériels, ou de tout autre dommage de que
hature que ce sait, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les déper]
pécoulant de-lapublication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I'l
bu au crédif qui lui est accordé.

| 'attention~est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
référéncées est obligatoire pour une application correcte de la présente publication.
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de

La Norme internationale IEC 62153-4-15 a été établie par le comité d'études 46 de I'lEC:
Cables, fils, guides d'ondes, connecteurs, composants passifs pour micro-onde et accessoires.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2015. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) le mesurage de l'affaiblissement de couplage des connecteurs, cordons et composants

symeétriques avec ou sans symétriseur a été ajouté;
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b) l'application d’'un adaptateur d’essai a été ajoutée;
c) application d’un plan de court-circuit amovible;
d) application de la cellule "absorbeuse" triaxiale;

e) correction des résultats d'essai dans le cas ou I'impédance d’entrée du récepteur R
supérieure a I'impédance caractéristique du circuit externe Z,.

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

FDIS Rapport de vote

est

46/814/FDIS 46/822/RVD
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METHODES D’ESSAIS DES CABLES METALLIQUES
ET AUTRES COMPOSANTS PASSIFS -

Partie 4-15: Compatibilité électromagnétique (CEM) — Méthode d’essai
pour le mesurage de I'impédance de transfert et de I’affaiblissement
d’écran — ou de I’affaiblissement de couplage avec cellule triaxiale

La
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trid

analogique, et les équipements de réseaux de communication et de cablage, avec une ce
xiale.
mesurages peuvent étre réalisés en appliquant le dispositifren* essai directement su
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Domaine d’application

présente partie de I'lEC 62153 spécifie les procédures de mesure de I'impédance

hposants, par exemple les accessoires pour les systémes de transmission” numériqu

ule triaxiale ou avec la méthode du tube concentrique conformément a I'lEC 62153-4-7.

Références normatives

documents suivants sont cités dans le texte desorte qu’ils constituent, pour tout ou pa
leur contenu, des exigences du présent dociment. Pour les références datées, se
ition citée s’applique. Pour les références.nan datées, la derniére édition du document
brence s'applique (y compris les éventuels, amendements).

61196-1, Cables coaxiaux de communication — Partie 1: Spécification génériqug
néralités, définitions et exigences

[ TS 62153-4-1:2014, Metallic communication cable test methods — Part4
ctromagnetic Compatibility (EMC) - Introduction to electromagnetic screen
asurements (disponible en anglais seulement)

62153-4-3, Metallic communication cable test methods — Part 4-3: Electromagn
npatibility (EMC),= Surface transfer impedance - Triaxial method (disponible en ang
lement)

62153:4-/4:2015, Metallic communication cable test methods — Part 4-4: Electromagn

ab(rve 3-GHz, triaxial method (disponible en anglais seulement)
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npatibility (EMC) — Test method for measuring of the screening attenuation as up to and

IEC 62153-4-7, Méthodes d'essai des cables métalliques de communication — Partie 4-7:
Compatibilité électromagnétique (CEM) — Méthode d’essai pour mesurer lI'impédance de
transfert Zt et I'affaiblissement d’écrantage ag ou [l'affaiblissement de couplage a. des

connecteurs et des cordons jusqu’a 3 GHz et au-dessus — Meéthode ftriaxiale en tubes
concentriques

IEC 62153-4-8, Cables métalliques et autres composants passifs - Méthodes d'essai —
Partie 4-8: Compatibilité électromagnétique (CEM) — Admittance de couplage capacitif

IEC 62153-4-9:2018, Méthodes d’essais des cables métalliques de communication —
Partie 4-9: Compatibilité électromagnétique (CEM) — Affaiblissement de couplage des cables
symeétriques écrantés, méthode triaxiale
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IEC 62153-4-10, Méthodes d’essai des cables métalliques de communication — Partie 4-10:
Compatibilité électromagnétique (CEM) — Impédance de transfert et affaiblissement d'écran des

traversées et des joints d’étanchéité électromagnétiques — Méthode d'essai coaxiale double

IEC 62153-4-16, Metallic communication cable test methods — Part 4-16: Electromagnetic
compatibility (EMC) — Extension of the frequency range to higher frequencies for transfer
impedance and to lower frequencies for screening attenuation measurements using the triaxial
set-up (disponible en anglais seulement)

celflule triaxiale

boitier rectangulaire analogue aux principes de la procédure d'essai triaxiale, constitué d
mafériau métallique non ferromagnétique

Not
3.2
im
Z7

polir un écran électriquement court, quotient de la-ténsion longitudinale U, induite dans
uit interne par le courant I, délivré au circuit externe ou vice versa [Q] (voir la Figure 1)

cird

Not
rap

b 1 a l'article:

bédance surfacique de transfert

b 1 a l'article:
orta1Q.

La procédure d'essai triaxiale est décrite dans I'lEC 62153-4-3/et dans I'|EC 62153-4-4.

L'impédance Z; d'un écran électriguement court est exprimée en ohms [Q] ou en décibels

1<A/10
U i

IEC

Figure 1 — Définition de Z;

3.3

U1
Z1 =—1
T
Z7 dB(Q) = 20-1g il
10

impédance de transfert efficace

Al=
impédance définie comme:

ZTE = maX|ZF + ZT|

ou Z est I'impédance de couplage capacitif

un

par
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34
affaiblissement d’écran

dg

pour les dispositifs électriquement longs, c'est-a-dire au-dela de la fréquence de coupure, le
rapport logarithmique de la puissance d'alimentation P, et des valeurs maximales périodiques

de la puissance couplée P ., dans le circuit externe

B

ag =10-Ig[Env
\ [

1 ‘
Tax |

D
T

) (4)
J

Note 1 a l'article: L'affaiblissement d'écran d'un dispositif électriquement court est défini par:

150Q
ag =20-1g (5)
ZTE
ou
150[Q est I'impédance normalisée du circuit externe.
3.5
affaiblissement de couplage
dg

podir un dispositif symétrique équipé d'un écran, somnde de l'affaiblissement asymétrique a [de
la paire symétrique et de I'affaiblissement d'écran agde I'écran du dispositif en essai

Notg 1 a l'article: Pour les dispositifs électriquement<longs, c'est-a-dire au-dela de la fréquence de couplre,
I'affpiblissement de couplage a_ est défini comme le rgpport logarithmique de la puissance d'alimentation P, et|des

valgurs maximales périodiques de la puissance couplee P, . dans le circuit externe.

3.6
longueur de couplage
longueur du cable situé dans le, montage d’essai, c’est-a-dire longueur de I’écran en essai

Notg 1 a l'article: La longueur de couplage est électriquement courte si

)./ C
o/ >10-4/e ou < —2— (6)
L 1 10-L-\[e,,

ou g¢lectriqgueménttongue si

Ve ~ &

A
(< 2.

P I i @)

ou

L est la longueur de couplage effective en m;

Lq  estlalongueur d'onde de I'espace libre en m;

est la permittivité relative résultante du diélectrique du céable;

est la permittivité relative résultante du diélectrique du circuit secondaire;

f est la fréquence en Hz;

¢, estlavitesse de la lumiére dans I'espace libre en m/s.


https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

- 54 - IEC 62153-4-15:2021 © IEC 2021

3.7

dispositif en essai

DUT

connecteur avec connecteur d’accouplement et cables de connexion attachés ou cordon
constitué de I'ensemble et de ses connecteurs accouplés et avec des cables de connexion

Note 1 a I'article: L’abréviation "DUT" est dérivée du terme anglais développé correspondant "device under test".

4 Contexte physique

I’Amnexe F.

5 | Principe des méthodes d'essais

5.1 Généralités

La|série IEC 62153-4 décrit différentes procédures d'essais permettant de mesurer I'efficagité
de |a protection par écran sur les cables de communication, les connegteurs et les composants.

Le|Tableau 1 donne une vue d'ensemble des procédures d'essais de la série IEC 62153-4
réglisées avec le montage d'essai triaxial.

Tableau 1 — Série IEC 62153-4, Méthodes d'essai des cables métalliques
de communication — Procédures d'essais.avec montage d'essai triaxial

Série IEC 62153-4 Méthodes d'essais des cables.métalliques de communication — Compatibilité
électromagnétique (CEM)

IEC TS 62153-4-1 Introduction to electromagnétic screening measurements (disponible en anglais
seulement)

IEC 62153-4-3 Impédance surfaciguesde transfert — Méthode triaxiale

IEC 62153-4-4 Shielded screening attenuation, test method for measuring of the screening attenuatjon

ag up to andsabove 3 GHz (disponible en anglais seulement)

IEC 62153-4-7 Méthode @'essai pour mesurer I'impédance de transfert Z; et I'affaiblissement
d’écrantage ag ou l'affaiblissement de couplage a. des connecteurs et des cordons
jusqu’a 3 GHz et au-dessus — Méthode triaxiale en tubes concentriques

IEC 62153-4-9 Affaiblissement de couplage des cables symétriques écrantés, méthode triaxiale

IEC 62153-4-10 Impédance de transfert et affaiblissement d'écran des traversées et des joints
d’étanchéité électromagnétiques — Méthode d'essai coaxiale double

IEC 62153-4-15: Méthodes d’essais des cables métalliques et autres composants passifs — ou de
I'affaiblissement de couplage avec cellule triaxiale

IEC 62153-4-16 Extension of the frequency range to higher frequencies for transfer impedance and t
lower frequencies for screening attenuation measurements using the triaxial setup
(disponible en anglais seulement)

Les connecteurs, cordons et composants plus grands ne rentrent pas dans les socles
conventionnels d’essai (tubes) disponibles dans le commerce pour les procédures d'essais
triaxiales respectivement de I'lEC 62153-4-3, de '|EC 62153-4-4 et de '|EC 62153-4-7, qui ont
été congues a l'origine pour mesurer I'impédance de transfert et I'affaiblissement d’écran des
cables de communication, des connecteurs et des cordons.

Puisque les boftiers rectangulaires avec capots ne laissant pas passer les radiofréquences sont
plus faciles a fabriquer que les tubes, la "cellule triaxiale" a été congue pour soumettre a I’essai
des dispositifs plus grands comme les connecteurs, les cordons et les composants. Les
principes des procédures d’essais triaxiales conformément a I'l[EC 62153-4-3, I'l|EC 62153-4-4
et I'EC 62153-4-7 peuvent étre transposés aux boitiers rectangulaires. Les tubes et boitiers
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rectangulaires peuvent étre exploités conjointement dans un seul montage d'essai (voir la
Figure 2 et la Figure 3).

Tube de mesure Connecteur
’/ en essai

Générateur Résistance Récepteur

’/ d’adaptation \
] — e — E—
A A B T e e A ] 2

Capot d’écran
Tube concentrique Cable de connexion IEC
Figure 2 — lllustration du principe du montage d'essai‘triaxial (tube)
pour mesurer I'impédance de transfert et I’affaiblissement d’écran
avec un tube concentrique conformément a I'lEC 62153-4-7

Enjprincipe, la cellule triaxiale peut étre utilisée conformément’a toutes les procédures triaxidles
du [Tableau 1 pour lesquelles un tube cylindrique est utilisé a I'origine. L’efficacité d'écran gles
connecteurs, cordons ou autres composants peut étre-mesurée en principe dans le tube et dans
la ¢ellule triaxiale. Les résultats d'essai des mesurages avec les tubes et les cellules triaxigles

conrespondent bien.
Dispositif
en essai
/

Générateur Récepteur
N \ 1 o
% ) (7]

Téte d’essai avec
/‘ capot d’écran
Tube concentrique Boitier Cable de connexion IEC
Figure 3 — lllustration du principe de la cellule triaxiale pour mesurer

I’'impédance de transfert et I’affaiblissement d’écran des connecteurs
ou cordons avec un tube concentrique conformément a 'lEC 62153-4-7

Le montage d'essai a cellule triaxiale repose sur le systéme triaxial de I'lEC 62153-4-3 et de
I''EC 62153-4-4, comprenant le DUT (dispositif en essai), un boitier métallique massif et un
tube d'extension ne laissant pas passer les radiofréquences (facultatif). Le dispositif en essai
(DUT) adapté, alimenté par un générateur par I'intermédiaire de cables de connexion, forme le
circuit perturbant, qui peut également étre appelé circuit primaire ou circuit interne.

Le circuit perturbé, qui peut également étre appelé circuit secondaire ou circuit externe, est
formé par le conducteur externe du dispositif en essai, relié au cable de connexion (ou au tube
concentrique, si applicable) et a un boitier métallique massif ou a une cellule dans I'axe duquel
se trouve le DUT.
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5.2 Impédance de transfert

L'essai détermine l'efficacité d’écran d'un dispositif blindé en appliquant un courant et une
tension bien définis a I'écran du cable, du cordon ou du dispositif en essai, et en mesurant la
tension induite dans le circuit secondaire afin de déterminer l'impédance surfacique de
transfert. Cet essai mesure seulement la composante magnétique et la composante galvanique
de l'impédance de transfert. Pour mesurer la composante électrostatique (I'impédance de
couplage capacitif), la méthode décrite dans I'lEC 62153-4-8 doit étre utilisée.

électrique inférieure a 1/6 de la longueur d'onde dans I'échantillon. Une description détaillée
peuit étre consultée a I'Article 9 de I'lEC TS 62153-4-1:2014, ainsi que dans I'lEC 62153-4-3.

5.3 Affaiblissement d'écran

Le [circuit perturbant ou primaire est le cable, cordon ou composant en essai~adapté. Le cirguit
pefturbé ou secondaire comprend le conducteur externe (ou la couche, la’plus extérieure dans
le ¢as de cables ou de dispositifs a plusieurs écrans) du cable, du ¢oerdon ou du dispositiffen
esgai et un boitier métallique massif, ayant le dispositif en essai dansson axe (voir la Figure|3).

Les crétes de tension a l'extrémité éloignée du circuit secandaire doivent étre mesurées.
L'extrémité la plus proche du circuit secondaire est en ,ceurt-circuit. Pour ce mesurage,|un
régepteur adapté n'est pas nécessaire. Les crétes de tension attendues au niveau de I'extrémité
la plus éloignée ne sont pas dépendantes de l'impédance d'entrée du récepteur, a condifion
qchette derniere soit inférieure a I'impédance caratctéristique du circuit secondaire. Toutefpis,

il est préférable d'avoir un faible défaut d'adaptation, par exemple en choisissant des boitiers
d’'upe taille appropriée. Une description dgétaillée peut étre consultée a ['Article 10 |de
I'EIC TS 62153-4-1:2014, ainsi que dans I'lEC 62153-4-4.

5.4 Affaiblissement de couplage

L'affaiblissement de couplage de paires symétriques écrantées décrit I'effet global contre |les
pefnturbations électromagnétiques (EMI) et tient compte de I'affaiblissement d’écran de I'écfan
et de I'affaiblissement d0 a 'asymétrie de la paire. Une description détaillée de I'affaiblissemgnt
de [couplage peut étre consultée dans I'lEC 62153-4-9.

5.5 Méthode du tube concentrique
Si ¢tela est exigé, les mesurages conformes a I'lEC 62153-4-7 peuvent également étre réaligés

dans la cellulestriaxiale, en utilisant la cellule triaxiale a la place du tube (voir la Figure 2 et la
Figure 3).

6 | Procédures d'essais

6.1 Généralités

Les mesurages doivent étre réalisés a une température de (23 + 3) °C. La méthode d'essai
détermine I'impédance de transfert et I'affaiblissement d'écran ou I'affaiblissement de couplage
d'un DUT en les mesurant dans un montage d'essai triaxial conformément a I'lEC 62153-4-3 et
al'lEC 62153-4-4.

6.2 Cellule triaxiale

La cellule triaxiale est constituée d’'un boitier rectangulaire analogue aux principes des
procédures d'essais triaxiales conformément a I'l[EC 62153-4-3 et a I'l[EC 62153-4-4. Le
matériau du boitier doit étre un matériau métallique non ferromagnétique. Il convient que la
longueur du bofitier soit de préférence de 1 m.
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Des réflexions du signal transmis peuvent se produire (dans le circuit externe) en raison de
I'écart des impédances caractéristiques. Il convient que le plan du court-circuit a I'extrémité la
plus proche (c6té générateur) se situe par conséquent et de préférence directement sur une
paroi du boitier.

Du cété récepteur, il convient également que la transition du boftier a 'impédance du systéme
coaxial (50 Q- systéme) se situe directement sur une paroi du boitier.

6.3 Fréquences de coupure, modes d’ordre supérieur

électromagnétiques transverses (ondes TEM - transverse electromagnetic wave). A de-glus
tes fréquences, la cellule triaxiale devient en principe un résonateur a cavité oudunvgufide
d’onde rectangulaire, qui présente des résonances selon ses dimensions; voir la Figure 4.

Autdela de ces fréquences de résonance, la propagation des ondes TEM est-perturbée et|les
mejsurages de I'affaiblissement d'écran avec la méthode d'essai triaxiale sontlimités.

N
b AT 4P
//‘ M

a IEC

Figure 4 — Guide<d’onde rectangulaire

La fréquence de coupure f. d’un résonateur a cavité rectangulaire est donnée par:

- %
fomgd ®

Pour un résonateur a‘cavité rectangulaire, les fréquences de résonance peuvent étre calculg¢es
avec I'Equation (9).\Pour ce calcul, 'un des paramétres M, N, P peut étre réglé sur zéro.

(MY (NY [ﬁf
fMNP—2 (aj+(bj+ . 9)

ou

M, N sontle nombre de modes (pair, 2 sur 3 > 0);
a,b,c sont les dimensions de la cavité;

o est la vitesse de la lumiére dans I'espace libre.

NOTE Les parties conductrices dans le résonateur a cavité ou un mauvais centrage du DUT dans la cellule triaxiale
peuvent mener a un écart des fréquences de résonance ou a les inhiber.

Les mesurages de I'affaiblissement d'écran peuvent étre réalisés jusqu’a la premiére fréquence
de coupure (M, N=1).

La plage de fréquences de la cellule triaxiale peut étre étendue jusqu’a 3 GHz et au-dela en
utilisant un matériau absorbant placé au fond de la cellule, voir 'Annexe C.


https://iecnorm.com/api/?name=6abc5efa1f8752df50dae70d84677605

- 58 - IEC 62153-4-15:2021 © IEC 2021

6.4 Equipements d’essai

Les mesurages peuvent étre effectués en utilisant un analyseur de réseau vectoriel
(VNA - vector network analyser) ou, en variante, un générateur de signaux discrets et un
récepteur de mesure sélectif.

Les équipements de mesure comprennent ce qui suit:

a) un analyseur de réseau vectoriel (avec lI'appareil d'essai de paramétres S); ou

b) un générateur de signal avec la méme impédance caractéristique que le systeme coaxial
du cable en essal ou avec un adaptatedr d impedance et complete d un ampliticateur|de
puissance, si nécessaire, pour un affaiblissement d’écran trés élevé, combinég™a |un
récepteur avec amplificateur a bruit faible facultatif pour un affaiblissement d'éCran tres
éleve;

¢) |un circuit d’adaptation d’'impédance si nécessaire:

— c6té primaire: I'impédance nominale du générateur;

— cOté secondaire: I'impédance nominale du circuit interne;
- perte: > 10 dB.

d) [un symétriseur pour adapter I'impédance du signal de sortie de\générateur asymétrique sur
I'impédance caractéristique de cables symétriques, pour le mesurage de |'affaiblissement
de couplage. Les exigences relatives au symétriseur sont ' données dans
I'EC 62153-4-9:2018, 6.3. En variante, un VNA avec\Ure option mode mixte peut Gtre
utilisé, voir 'lEC TR 61156-1-2.

Ll

-

quipement facultatif est le suivant:

— |un réflectometre dans le domaine temporel (DR - time domain reflectometer) présentant
un temps de montée inférieur a 200 ps ouun analyseur de réseau de fréquence maximiale
allant jusqu'a 5 GHz et capable de fonctionner dans le domaine temporel;

— |un matériau absorbant.
6.5 Procédure d’étalonnage

L’étalonnage doit étre établi aux mémes points de fréquence que ceux auxquels le mesurage
de | l'impédance de transfert-est effectué, c’est-a-dire, selon un balayage en fréquence
logarithmique sur I'ensemble de la plage de fréquences, spécifiée pour I'impédance |de
trapsfert.

Si un analyseur de) réseau vectoriel est utilisé avec l'appareil d'essai de paramétres S,|un
étalonnage complet doit &tre établi sur deux ports, en y incluant les cables de connexion utiligés
poatllr raccorder-'le montage d'essai a I'équipement d'essai. Les plans de référence ppur
I'étplonnage_sont les interfaces de connecteur des cables de connexion.

n‘analyseur de réseau (vectoriel) est utilisé sans un appareil d'essai de paramétres S, c'gst-
3-di , : . , , R , - ) les
conducteurs d'essai utilisés pour raccorder le montage d'essai a I'équipement d'essai.

Si un générateur de signal et un récepteur séparés sont utilisés, I'affaiblissement composite
des cables d'essai doit étre mesuré et les données d'étalonnage doivent étre enregistrées, de
fagon a pouvoir corriger les résultats.

P,
dgal =10-I9[F;J=—20-I9(S21) (10)

ou
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as,  estl'affaiblissement obtenu avec la procédure d’étalonnage, en dB;
P, est la puissance introduite lors la procédure d'étalonnage, en W,
Py est la puissance au niveau du récepteur lors la procédure d'étalonnage, en W;

So1 est le paramétre S mesuré.

Si des amplificateurs sont utilisés, leur gain doit étre mesuré sur la plage de fréquences
mentionnée ci-dessus, et les données doivent étre enregistrées.

Si prmadaptateur dimpedance oo unm symetriseur estutitisg; taffaibtissermentdoit&tremesuré
surn la plage de fréquences mentionnée ci-dessus, et les données doivent étre enregistrées

6.60 Conducteurs d’essai et cables de connexion au DUT

Leg conducteurs d’essai et cables de connexion au DUT doivent étre bien écraniés.

En|cas de mesurage de I'impédance de transfert, 'impédance de transfert’Z.,, des cables|de

connexion dans le montage d'essai peut étre mesurée séparément dans’e tube triaxial ou déns
la gellule triaxiale, et est exprimée en mQ/m, conformément a I'lEC_62453-4-3. La longueur dles
cables de connexion du montage doit étre mesurée, I'impédancede transfert Z.,, doit 4tre

calpulée et soustraite de I'impédance de transfert mesurée du'DUT.

En| cas de mesurage de l'affaiblissement d'écran ou\\de [I'affaiblissement de couplage,
I’affaiblissement d'écran ou I'affaiblissement de couplage des cables de connexion peuvent &tre
mejsurés séparément, dans le tube triaxial ou dans.facellule triaxiale, et sont exprimés en B,
conformément a I'lEC 62153-4-4 ou a I'lEC 62153~4-9.

L’affaiblissement d'écran ou l'affaiblissement de couplage mesuré des cables de connexion
danms le montage doit étre d’au moins 10 dB.'supérieur a la valeur mesurée du DUT.

7 | Préparation d'échantillon

71 Connecteur ou cordon €oaxial ou composant quasi coaxial

Le connecteur, le cordon.otrle composant en essai doit étre connecté a sa partie accouplemgent
conformément aux spécifications du fabricant.

Un|céble de connexion coaxial bien écranté doit étre monté au connecteur, au cordon ou|au
composant entessai et/ou a sa ou ses parties accouplement. Une extrémité du cable|de
connexion dait étre reliée a la téte d'essai du montage d'essai et doit étre adaptée a I'impédance
caractéristique nominale du DUT.

L’écran  de I'autre extrémité du cable de connexion doit étre relié a la paroi du boitier (le coprt-
circuit du coté générateur).

En cas de procédure a tube concentrique, I'autre extrémité du cable de connexion doit passer
a travers le tube concentrique ne laissant pas passer les radiofréquences et étre reliée au
générateur. Du c6té du dispositif en essai, I'écran du cable d'alimentation doit étre relié au tube
d'extension avec une faible résistance de contact. Du c6té du générateur, I'écran du cable de
connexion ne doit pas étre relié au tube d'extension. Le tube d'extension doit étre relié a la
paroi du boftier (le court-circuit du c6té générateur).

7.2 Connecteurs ou composants symétriques ou a plusieurs broches

Le dispositif en essai doit étre relié a sa partie accouplement conformément aux spécifications
du fabricant.
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Un cable symétrique ou multiconducteur utilisé habituellement avec le connecteur ou le
dispositif en essai doit étre monté sur le connecteur en essai et sa partie accouplement ou au
dispositif en essai conformément aux spécifications du fabricant.

Les cables symétriques écrantés ou multiconducteurs, les conducteurs a plusieurs broches ou
les composants sont traités comme des systémes quasi coaxiaux lors du mesurage de
I'impédance de transfert ou de I'affaiblissement d'écran. Ainsi, au niveau des extrémités
ouvertes du cable d'alimentation, tous les conducteurs de toutes les paires doivent étre reliés
les uns aux autres. Tous les écrans, également ceux des paires ou des quartes comportant un
écran individuellement, doivent étre reliés les uns aux autres aux deux extrémités. Tous les

écr

Un
cor

Lor
paf

doift étre adaptée par une charge symétrique/asymétrique. Les paires qui ne sont pas en eg

doi

ol o ok [H4 n 4 1 H £2 H | = I | = oo
dlTo UUIVTIIL TUT TTITOS SUT TUULT Ta CITUVUTTITTTTIVT VUIT Ta T Tyurc J Tl Iada T Tyurc Uj.

b extrémité du cable de connexion doit ensuite étre reliée a la téte d'essai si ledegable
nexion est adapté a l'impédance caractéristique nominale du DUT.

Connecteur accouplé en essai

/

1

Résistance
de charge

Ecran IEC

Figure 5 — Préparation des connecteurs symétriques ou a plusieurs broches
pour I'impédance .de transfert et I’affaiblissement d'écran

un symétriseur ou sans\symetriseur avec un VNA a option multimode. La paire en es

vent étre adaptées.

Connecteur accouplé en essai
Symetriseur
(ou VNA2 plusieurs ports) /

o

A . Charge
E Y 1 symétrique/
|| asymétrique
Ecran du cable d’alimentation IEC

Figure 6 — Préparation des connecteurs symétriques ou a plusieurs broches
pour le mesurage de I’affaiblissement de couplage

de

s du mesurage de l'affaiblissement de couplage, le cable de connexion doit étre alimenté

sai
sai
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7.3 Cordons

Les connecteurs du cordon en essai doivent étre reliés avec leurs parties accouplement sur
chaque extrémité, respectivement sur une extrémité en cas de cordons a une seule extrémité,
conformément aux spécifications du fabricant.

Les connecteurs d’accouplement doivent étre reliés aux cables d’alimentation coaxiaux bien
écrantés.

En cas de cordons de conducteurs a plusieurs broches, tous les conducteurs du cordon en
i doiv urt-circul UX deux ex [ ] ] :
Si le cordon en essai est relié pour son utilisation prévue directement a une unité spécifique et
gu’aucun connecteur d’accouplement n’est disponible, le fabricant du cordon doit fournirfun
connecteur d’accouplement approprié ou une adaptation appropriée. Le Jeonnectpur
d’accouplement ou I'adaptation doit étre bien écranté, a au moins 10 dB au-dessus du dispositif
en|essai. Des précautions doivent étre prises pour assurer que la connexjon~du cable|de
connexion au connecteur d'accouplement ou a I'adaptation est bien écrantéér

7.4 Autres dispositifs écrantés

cable écrantés, peut aussi étre mesurée avec la cellule triaxiale) Ils doivent étre préparég et

L’etlfficacité d’écran des autres dispositifs écrantés ou blindés, par exemple des conduits|de
trajtés comme des systémes quasi coaxiaux.

8 | Impédance de transfert (court-circuit-adaptation)

8.1 Généralités
L'IEC 62153-4-3 décrit trois procédures d'essais triaxiales différentes:
— |méthode d’essai A: circuit interne adapté avec résistance d'amortissement dans le cirguit

externe;

— |méthode d’essai B: circuit interhe avec résistance de charge et circuit externe sans
résistance d'amortissement;

— |méthode d'essai C: court-court (désadapté) sans résistance d'amortissement.

La|procédure décrite ici ést en principe la méme que la méthode d'essai B de I'lEC 62153-4-3
(le|tube est remplacéipar une cellule): Circuit interne adapté n'utilisant pas l'adaptatpur
d'impédance et ne-présentant pas de résistance d'amortissement R,. Sa plage dynamique jest

plus élevée quetle.Tircuit de la méthode d'essai A de I'lEC 62153-4-3.

D'qutres procedures conformes a I'lEC 62153-4-3 peuvent par conséquent étre appliquées si
celp est-exigé.

8.2 —PBiagramme-deprincipe-detimpédance-de-transfert

Un diagramme du montage d'essai utilisé pour mesurer I'impédance de transfert conformément
a la méthode d'essai B de I'lEC IEC 62153-4-3 est présenté a la Figure 7.
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