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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC-COMMUNICATION CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-7: Electromagnetic compatibility (EMC) —
T thod-f . £ 4 for i I z I :
attenuation ag or coupling attenuation ac of connectors and assembligs

up-to-and-above 3-GHz — Triaxial tube in tube method
FOREWORD

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

the subject dealt with may participate in this preparatory work. (nternational, governmental and |non-
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl¢sely
ith the International Organization for Standardization (ISO) in aceofdance with conditions determinef by
greement between the two organizations.

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

=0 1 Q < © = 7 = Q

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

Ih order to promote international uniformity;“s[EC National Committees undertake to apply IEC Publicafions
tfansparently to the maximum extent passible in their national and regional publications. Any divergpnce
Hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicatgd in
the latter.

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

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
ther damage ,ofhany nature whatsoever, whether direct or indirect, or for costs (including legal fees)| and
xpenses arising” out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications:

8) Attention-is drawn to the Normative references cited in this publication. Use of the referenced publicatiops is
indispensable for the correct application of this publication.

ct of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 62153-4-7:2015+AMD1:2018 CSV. A vertical bar
appears in the margin wherever a change has been made. Additions are in green text,
deletions are in strikethrough red text.


https://iecnorm.com/api/?name=f5855e8910a8b635c62bc127cbed5c6d

IEC 62153-4-7:2021 RLV © IEC 2021 -7-

IEC 62153-4-7 has been prepared by IEC technical committee 46: Cables, wires, waveguides,
RF connectors, RF and microwave passive components and accessories. It is an International

Stan

dard.

This third edition cancels and replaces the second edition published in 2015 and its

Ame

ndment 1:2018. This edition constitutes a technical revision.

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

The

IEC

Megsurements of the coupling attenuation can be achieved now by using)a’mixed m
network analyser (virtual balun). The following new annexes have been added:

— Annex E contains informative information about the direct measSufement of scree
bffectiveness of connectors;

— Annex F gives normative information about mixed mode parametérs;

— Annex G contains normative information about accessories for measuring coup
bttenuation;

— Annex H discusses the low frequency screening attenuation.

The]

Full

the j[above table.

The

Thig

document is revised and updated. It now includes IEC 62153-4-7:2015/COR1:2046 [and
IEC|62153-4-7:2015/AMD1:2018. Furthermore, the changes of the revised

62153-4-9:2018 are included.

text of this International Standard is based on the/following documents:
FDIS Report on voting
46/812/FDIS 46/820/RVD

information on the voting for its agproval can be found in the report on voting indicate

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

document was drdfted in accordance with ISO/IEC Directives, Part 2, and develope

ode

ning

ling

d in

d in

accprdance with ISO/MEC Directives, Part1 and ISO/IEC Directives, IEC Supplemient,

ava
IEC

A ligt of all'parts of the IEC 62153 series, under the general title Metallic cables and o
paspgive(components test methods can be found on the IEC website.

lable at www.iec.ch/members_experts/refdocs. The main document types developeg
are described.in greater detail at www.iec.ch/standardsdev/publications.

by

ther
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021

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

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

un
CO|

PORTANT — The 'colour inside’' logo on the cover page of this publication indicat

erstanding of its contents. Users should therefore print this document using
our printer.

thF it contains colours which are considered to be useful for the  corré¢ct

es

a
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INTRODUCTION

The shielded screening attenuation test set-up according to IEC 62153-4-3 and
IEC 62153-4-4 have been extended to take into account the particularities of electrically short
elements like connectors and cable assemblies. Due to the concentric outer tube of the
triaxial set-up, measurements are independent of irregularities on the circumference and outer
electromagnetic fields.

With the use of an additional resonator tube (inner tube respectively tube in tube), a system is
created where the screening effectiveness of an electrically short device is measured in
realfStic and controlled conditions. AISO, a lower cut off frequency for the transition beiween
elegtrically short (transfer impedance Z1) and electrically long (screening attenuation_ag) [can
be gchieved.

A wjide dynamic and frequency range can be applied to test even super screegfied connecfors
and| assemblies with normal instrumentation from low frequencies up to the limit of defined
tranlsversal waves in the outer circuit at approximately 4 GHz.
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METALLIC-COMMUNICATION CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-7: Electromagnetic compatibility (EMC) —
Test method for measuring of transfer impedance Z; and screening
attenuation ag or coupling attenuation a; of connectors and assemblies

up-to-and-above 3-GHz — Triaxial tube in tube method

1 |Scope

Thig part of IEC 62153 deals with the ftriaxial tube in tube method. This triaxial methof is
suitpble to determine the surface transfer impedance and/or screening ‘attenuation jand
coupling attenuation of mated screened connectors (including the connection between cable
and| connector) and cable assemblies. This method could also be extended to determine|the
tranlsfer impedance, coupling or screening attenuation of balanced ofrmultipin connectors jand
muliicore cable assemblies. For the measurement of transfer impedance and screeningf or
coupling attenuation, only one test set-up is needed.

2 |Normative references

The| following documents are referred to in the text.in such a way that some or all of tiheir
confent constitutes requirements of this document. For dated references, only the edition
citefl applies. For undated references, the latest‘edition of the referenced document (including
any|amendments) applies.

IEC|TS 62153-4-1:2014, Metallic communication cable test methods - Part @-1:
Ele¢tromagnetic compatibility (EME) — Introduction to electromagnetic screeping
megsurements

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

IEC|62153-4-4, Metallic communication cable test methods — Part 4-4: Electromagretic

compatibility (EMC),=—Shielded—screening—attenuation, Test method for measuring of|the

scrgening attenuation as up to and above 3 GHz, triaxial method

IEC|62153<4-8, Metallic cables and other passive components — Test methods — Part §-8:
Eleg¢trontagnetic compatibility (EMC) — Capacitive coupling admittance

|EC82153=4=9-2018Metatfic Ttormmumication cabte test mettrods — Part 4=9—Efectrormagrietic
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
electromagnetic gaskets - Double coaxial test method

IEC 62153-4-15:2015, Metallic communication cable test methods - Part 4-15:
Electromagnetic compatibility (EMC) — Test method for measuring transfer impedance and
screening attenuation — or coupling attenuation with triaxial cell
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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-up

EN 50117-9-2:2019, Coaxial cables — Part 9-2: Sectional specification for coaxial cables for
analogue and digital transmission — Indoor droop cables for systems operating at 5 MHz —
3 000 MHz

3

Terms and definitions

For

ISO|
add

[ ]

[ ]
3.1
sur
Z7
for
circ

Note

Notel
1Q.

Note|

the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization ak the folloy
fesses:

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

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

face transfer impedance

an electrically short screen, quotient of the longitudinal voltage U, induced to the ir
Uit by the current I, fed into the outer circuit or vice’yersa

1 to entry: The surface transfer impedance is expresseddn ohms.

2 to entry: The value Z; of an electrically short séreen is expressed in ohms [Q] or decibels in relati

12 12
1< 710
U, >

Figure 1 — Definition of Z;

3 to entry: See Figure 1.

IEC

ving

ner

n to

3.2

yA
Z. dB(Q) = +20xl0g,, ['1 §T1|J

effective transfer impedance

Z1E

maximum absolute value of the sum or difference of the capacitive coupling impedance Z

and

the transfer impedance Zt at every frequency:
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Zre =MaXx|Z. £ Z;|

screening attenuation

a

r.max IN the outer circuit

(3)

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

([ 1p |
“T.ma
as =—-10xlog,, | Env - (4)
S 10
I
s ey
. L £ 41 . B
Notel 1 to entry: The screening attenuation of an electrically short device is defined as:
150Q
ag = 20x |Og10 — (5)
TE
whete
150 2 is the standardized impedance of the outer circuit.
3.4
coupling attenuation
ac
for p screened balanced device, the sum of the unbalance attenuation a of the symmetric
pairfand the screening attenuation ag of the.screen of the device under test
Notel 1 to entry: For electrically long devicesy,i-e. above the cut-off frequency, the coupling attenuation ¢ is
defirled as the logarithmic ratio of the feeding*power P, and the periodic maximum values of the coupled ppwer
P, 4y in the outer circuit.
3.5
coupling length
landt nf cahla incida the fact 1ia hatweoaan tha and of tha aviancion tiitha and tha ceranohing
tengtn—otcabteinsicethetest {igbetweenthe—enaotthe—extensiontube—and-the-screefng
.
length of device under)test
Notel 1 to entry: The coupling length is electrically short, if
A C
—>10x,/g,, o f<—"F—F= (6)
/ 10x/x /€,
or electrically long, if
4o <2 (7)
] =< £ —4|Ep2|OF > A

CO
2.1 o~z

o

o f2 S
X[ x \/ai\/g

STTX €4 TA/E,

where
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is the effective coupling length, in m;

)\o 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;
f is the frequency, in Hz;
¢o is the velocity of light in free space.
3.6
devjice under test
DUT
devjce consisting of the mated connectors with their attached cables
4 (Physical background
Sed respective clauses of IEC TS 62153-4-1, IEC 62153-4-3, |IEC 62153<4-4, |[EC 62153}4-9
and|Annex C and Annex D.
5 |[Principle of the test methods
5.1 General
IEC|62153-4 (all parts) describes different testy‘procedures to measure screening
effectiveness on communication cables, connectors/and components with triaxial test set-Up.
Table 1 gives an overview about IEC 62153-4 (all parts) test procedures with triaxial [test
set-up.
Table 1 — IEC 62153, Metallic communication cable test methods —
Test procedures with triaxial test set-up
Metallic communication cable test methods — Electromagnetic compatibility (EMC)
IECHR TS 62153-4-1 Introduction to electromagnetic (EMC) screening measurements
IEC62153-4-3 Surface transfer impedance — Triaxial method
IEC[62153-4-4 Shielded-screening-attenuation; Test method for measuring of the screening attenuat{on
as up to and above 3 GHz, triaxial method
IEC62153-4-7 Shielded-screening-attenuation Test method for measuring the transfer impedance Z;
and the screening attenuation a, or coupling attenuation a. of RF-connectors and
assemblies up to and above 3 GHz — Triaxial tube in tube method
IEC 62153-4-9 Coupling attenuation of screened balanced cables, triaxial method
IEC [62153-4-10 d
o d o d ial-methed Transfer |mpedance and
screening attenuatlon of feed-throughs and electromagnetlc gaskets — Double coaxial
test method
IEC 62153-4-15 Test method for measuring transfer impedance and screening attenuation — or coupling
attenuation with triaxial cell{under-consideration)
IEC 62153-4-16
Exten3|on of the frequency range to higher frequenCIes
for transfer impedance and to lower frequencies for screening attenuation measurements
using the triaxial set-up

Usually, RF connectors have mechanical dimensions in the longitudinal axis in the range of
20 mm to maximum 50 mm. With the definition of electrical short elements, we get cut off or
corner frequencies for the transition between electrically short and long elements of about
1 GHz or higher for usual RF-connectors.
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To measure the screening attenuation instead of transfer impedance also in the lower
frequency range, the tube in tube procedure was designed. The electrically length of the
RF-connector is extended by a RF-tightly closed metallic extension tube (tube in tube).
See Figure 2.

Measuring Connector
tube under test

Generator / / Matching resistor
/ R, =2

.4

A |

&

&)

’ / \ Rece{/er
|
l

The
IEC
tubd
circ
cab

The]

formped by the outer conductor of'the device under test (and the extension tube), connecte

the

5.2

The]
defi
and
tran
imp
the

Extension Connecting cable Screening cap
tube .

Figure 2 — Principle of the test set-up to measure transfer impedance
and screening or coupling attenuation of connectors with tube in tube

tube in tube test set up is based on the triaxial system according to IEC 62153-4-3
62153-4-4 consisting of the DUT, a solid metallic tube and (optional) a RF-tight exten
. The matched device under test, DUT, which is fed by a generator, forms the distur
it which may also be designated asthe inner or the primary circuit. The conneg
es to the DUT are additionally screened by the tube in tube.

disturbed circuit, which may also be designated as the outer or the second circui

connecting cable and a solid'metallic tube, having the DUT under test in its axis.

Transfer impedance

test determines_the screening effectiveness of a shielded cable by applying a v
hed current and_voltage to the screen of the cable, the assembly or the device under
measuringsthe induced voltage in secondary circuit in order to determine the surf
sfer impédance. This test measures only the magnetic component of the tran
bdance.~Fo measure the electrostatic component (the capacitance coupling impedan
method described in IEC 62153-4-8 should be used.

and
5ion
hing
ting

, is
d to

ell-
test
ace
sfer
ce),

The

rraxial method o1 the measurement IS In general suitable In the Trequency range u

D 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 is
found in Clause 9 of IEC TS 62153-4-1:2014 as well as in IEC 62153-4-3.

5.3

Screening attenuation

The disturbing or primary circuit is the matched cable, assembly or device 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).
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The voltage peaks at the far end of the secondary circuit-have-te shall 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 of the receiver, provided that it is lower than the characteristic impedance of the
secondary circuit. However, it is an advantage to have a low mismatch, for example, by
selecting of housings of sufficient size. A detailed description-ceutd can be found in Clause 10
of IECTS 62153-4-1:2014 as well as in IEC 62153-4-4. Additional Information on the
interpretation of screening attenuation test results at frequencies below the cut-off frequency
can be found in Annex H.

5.4rﬁa.u.p.l.i.n.g_a.1.|.gnuatinn
Balanced cables, connectors, assemblies or devices which are driven in the differential mode

may radiate a small part of the input power, due to irregularities in the symmetry. |For
unsgreened balanced cables, connectors, assemblies or devices, this radiationis-relatef to
the lunbalance attenuation a,. For screened balanced cables, connectors or.assemblies,|the
unbplance causes a current in the screen which is then coupled by the transfer impedance
and| capacitive coupling impedance into the outer circuit. The radiation s, attenuated by|the
scrgen of the component and is related to the screening attenuation ag,

Corlsequently, the effectiveness against electromagnetic disturbances of shielded balanced
cables, connectors or assemblies is the sum of the unbalance. attenuation a; of the pair jand
the |screening attenuation ag of the screen. Since both quantities usually are given in a
logarithmic ratio, they may simply be added to form the couplirig attenuation ag:

ae = a, +ag (8)

Coypling attenuation ac is determined from the'logarithmic ratio of the feeding power P, fand
the [periodic maximum values of the power®; ., (which may be radiated due to the peaks of
voltage U, in the outer circuit):

r,max

10xlo Env /= h
=-10x
Y10 P (9)
whdre
. . : i dB.

The| relationship-of the radiated power P, to the measured power P, received on the imput
impedance Rs:

PR - PRmax _ R 10)
P2 })2max 2XZS

There will be a variation of the voltage U, on the far end, caused by the electromagnetic
coupling through the screen and superposition of the partial waves caused by the surface
transfer impedance Z;, the capacitive coupling impedance Zg (travelling to the far and near
end) and the totally reflected waves from the near end.

To feed the balanced device under test, a differential mode signal is necessary. This can be
achieved with a two-port network analyser (generator and rece|ver) and a balun or a mult|port
network analyser :

The procedures to measure coupllng attenuat|on are
described in Clause 10. Annex G gives normative information on accessories for coupling
attenuation measurements.
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Test procedure

General

021

The measurements shall be carried out at the temperature of (23 + 3) °C. The test method
determines the transfer impedance or the screening attenuation or the coupling attenuation of
a DUT by measuring in a triaxial test set-up according to IEC 62153-4-3, IEC 62153-4-4 and

IEC

6.2

62153-4-9.

Tube in tube procedure

20
cor
abo

In t
eled
the
med§

By
extq

frequency is moved towards the lower frequency range. 'In this way, also in the Io

freq
imp

The]
exte
dist

The

USLVJEIIy, RF connectors have mechanical dimensions in the longitudinal axis in the rang

m to maximum 50 mm. With the definition of electrically short elements, we get-cuto

ut 1 GHz or higher for usual RF-connectors.

he frequency range up to the cut off frequency, where the device under test (DUT
trically short, the transfer impedance of the DUT can be measured. For frequencies ab
cut-off frequency, where the DUT is electrically long, the screening attenuation can
sured.

extending the electrically length of the RF-connector liy,a RF-tightly closed met
nsion tube (tube in tube), the tested combination becomies electrically long and the cu

uency range, the screening attenuation may be’,measured and the effective tran
edance of electrical short devices calculated.

nsion tube. The matched device under test, DUT, which is fed by a generator forms
Lirbing circuit which may also be designated as the inner or the primary circuit.

disturbed circuit, which may also“be designated as the outer or the second circui

e of
if or

er frequencies or corner for the transition between electrically short and long elements of

) is
ove
be

allic
t-off
wer
sfer

test set up is a triaxial system consisting of\the DUT, a solid metallic tube and a RF-tight

the

, is

formed by the outer conductor of the device under test, connected to the extension tube and a

soli

The]
med
the

] metallic tube having the DUT under test in its axis.

principle of the test set-up is shown in Figure 2 and Figure 3. The set-up is the samsg
suring the transfer impedance and the screening- or the coupling attenuation, whej
ength of the innerfand the outer tube may vary.

for
eas
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Connector Assembly
Measuring tube interface under test

\ / / Matching resistor
R =2,

Receiver

9

S S RR
B OB BB BN

Generator
/ Y /(
Connecting cable Extension tube, Screening cap
variable length

IEC

Figure 3 — Principle of the test set-up to measure transfer-impedance
and screening attenuation of a cable assembly

The] voltage ratio of the voltage at the near end (U,) of the inner circuit (generator) and|the
volthge at the far end (U,) of the secondary circuit (receivef)’shall be measured (U,/U,). [The

neaf end of the secondary circuit is short-circuited.

Depending on the electrical length of the tested combination, the DUT and the extension tibe,

the

impedance or the screening attenuation (or the coupling attenuation).

result may be expressed either by the .transfer impedance, the effective transfer

For|this measurement, a matched receiver.is not necessary. The likely voltage peaks at|the

far
tha

end are not dependent on the inputiimpedance of the receiver, provided that it is Igwer
n the characteristic impedance of.the secondary circuit. However, it is an advantage to

have a low mismatch, for example by selecting a range of tube diameters for-several varjous

sizgs of-coaxial-cables DUTs.

6.3

Thel| principle of the test\set-up is shown in Figure 2 and Figure 3 and consists of:

Test equipment

An apparatus of _a triple coaxial form with a length sufficient to produce a superimposition
bf waves in«qarfow frequency bands which enable the envelope curve to be drawn,

ubes withyvariable lengths, e.g. by different parts of the tubes and/or by a movable tube in
ube. dnxcase of larger connectors or components, the triaxial tubes may be replaced by a
riaxia) cell according to IEC 62153-4-15.

RFE-tight extension tube (fube in tube), variable in length, which should preferably have a
diameter such that the characteristic impedance to the outer tube is 50 Q or equal to the
nominal characteristic wave impedance of the network analyser or the generator and
receiver. The material of the extension tube shall be non-ferromagnetic and well
conductive (copper or brass) and shall have a thickness >1 mm such that the transfer
impedance is negligible compared to the transfer impedance of the device under test,

a signal generator and a receiver with a calibrated step attenuator and a power amplifier if
necessary for very high screening attenuation. The generator and the receiver may be
included in a network analyser,

a balun for impedance matching of the unbalanced generator output signal to the
characteristic wave impedance of balanced cables for measuring the coupling attenuation.
Reqwrements for the balun are g|ven in IEC 62153 4-9:; 29982018 6 3. Attemahvely%e%

a+e—ende{—eene4ele+tahen9— Alternatlvely mstead of a balun a Vector Network analyser
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(VNA) with mixed mode option and a twisted-pair (TP) connecting unit may be used. The
requirements for the TP connecting unit are given in IEC 62153-4-9:2018, 6.4.

Optional equipment is:

— time domain reflectometer (TDR) with a rise time of less than 200 ps or network analyser
with maximum frequency up to 5 GHz and time domain capability.

6.4 Calibration procedure

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

H ol £ Ll 4 £ H =l
Spegtrrearor e transrermpeaance:

Wheén using a vector network analyser with S-parameter test-set, a full two port €alibration
sha|l be established including the connecting cables used to connect the test set-up to|the
test| equipment. The reference planes for the calibration are the connector interface of|the
conhecting cables.

Wheén using a (vector) network analyser without S-parameter test-set;, i<€. by using a pgwer
splifter, a THRU calibration shall be established including the test |€ads used to connect|the
test|set-up to the test equipment.

When using a separate signal generator and receiver, the,composite loss of the test Idads
shal|l be measured and the calibration data shall be saved, so that the results may] be
corrected.

a = 10xlog10[§j 20 x10g,o(S,,) 11)
2

whdre

P, |is the power fed during calibration procedure;
P, |is the power at the receiverduring calibration procedure.

If amplifiers are used, the€ir,'gain shall be measured over the above-mentioned frequgncy
range and the data shall be saved.

If ap impedance matching adapter is used, the attenuation shall be measured over the abgve-
mentioned frequency range and the data shall be saved. This can be achieved e.g] by
conhecting two impedance matching adapters of the same type and the same manufactprer
“ba¢k to backi‘together and measure:

(P o

10 _ QN 12)
imd — "V AN 5 [T Y M Y0\P21)
5

(o)
~

u

Further information on impedance matching adapters is given in IEC 62153-4-3, Annex B.

6.5 Connection between extension tube and device under test

The connection between the extension tube and the attached cables of the device under test
shall be such that the contact resistance is negligible. A possible connection technique as
well as a description of the influence of contact resistances is given in Annex D. Annex E
gives information about the direct connection of the extension tube to connectors under test.
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6.6 Dynamic range respectively noise floor

With the verification test, the residual transfer impedance respectively the noise floor due to
the connection of the feeding cable to the extension tube shall be determined.

The feeding cable is matched with its characteristic impedance and connected to the test
head. The extension tube shall then be connected to the feeding cable (without DUT), using
the same connection technique as during the test. The piece of cable between the connection
points shall be as short as possible (see Figure 4).

Measuring tube Short cable piece

'/ RF-tight
Matching resistor

R, =2,

Generator R&eiver

) / = )

Extension High screened cable,
tube e.g. semi rigid cable

Screefing’cap

IEC

Figure 4 — Principle set-up'for verification test
The] voltage ratio U,/U, shall be measured with the-VNA NWA.

The] noise floor a, of the connection of-the extension tube to the feeding cable is then gjven
by:

a, =20xlog,, (U, /U,) 12)
Thel noise floor shall betat least 10 dB better than the measured value.

Thel residual transfer impedance of the connection of the extension tube to the feeding cable
is g|ven by:

U,

13)
)
U1

6.7 Impedance matching

If unknown, the nominal characteristic impedance of the (quasi-)coaxial system can either be
measured by using a TDR with maximum 200 ps rise time or using the method described in
Annex A. An impedance matching adapter to match the impedance of the generator and the
impedance of the (quasi-)coaxial system is not recommended as it reduces the dynamic range
of the test set-up and may have sufficient matching (return loss) only up to 100 MHz-when

(see Annex B).
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6.8 Influence of adapters
When measuring transfer impedance and screening attenuation or coupling attenuation on

connectors or cable assemblies, test adapters are required if no mating connectors to the
connectors of the DUT are available.

Test adapters and/or mating connectors may limit the sensitivity of the test set up and may
influence the measurement.

The type and/or the design of the test adapter shall be stated in the test report.

A more detailed description on the design and the influence of test adapters is™under
conpideration.

7 |Sample preparation

71 Coaxial connector or device

A fgeding cable shall be mounted to the connector under test and it’s mating part according to
the [specification of the manufacturer. One end shall be connected to the test head where|the
feeding cable is matched with the nominal characteristic impedance of the device under fest.
It may be short circuited, when measuring the transfer“impedance with—method[-C:
(migmatched)-short-short without damping resistor according*to IEC 62153-4-3.

Thel other end of the connecting cable shall be passed through the extension tube [and
conhected to the generator. On the side of the dévice under test, the screen of the feedling
cable shall be connected to the extension tuberwith low contact resistance (see 6.2 jand
Annex B). On the generator side, the screen of'the feeding cable shall not be connectefl to
the jextension tube.

7.2 Balanced or multiconductor dévice

A balanced or multiconductor cable which is usually used with the connector under test ghall
be [mounted each to the cornector under test and it's mating part according to |the
spetification of the manufacturer.

Wheén measuring transfer impedance or screening attenuation, screened balanced or
multiconductor cable€s)are treated as a quasi-coaxial system. Therefore, at the open ends of
the | feeding cable, all conductors of all pairs shall be connected together. All scregns,
including those«of individually screened pairs or quads, shall be connected together at poth
ends. All scfeens shall be connected over the whole circumference (see Figure 5 jand
Figdre 5b):

Ong end shall then be connected to the test head where the feeding cable is matched with| the

Cha dbtclibt;b ;IIIPGUICIII\.;U (bblccll;lly dttUlludt;Ull dlluI tldllbfcl ;Illpcddllbc VV;til bilUltllllldtbhed
procedure) or with a short circuit (transfer impedance with short/short procedure).

The other end shall be led through the extension tube and shall be connected to the feeding
port (VNA or generator) by the use of an appropriate adapter.
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Extension tube Contact slice Screening case
- . |
| | [ e ]
LLAALLLLALALLALALALAAAA Short circuit

[t A A A A A A A A A A A A
b\ ' ' JX I
Screen Mated connector
under test IEC

a) Principle preparation of balanced or multiconductor connectors
for transfer impedance (short/short)

Extension tube Contact slice Screening case
J | L 4 |
| | r [ |
LA AAAAL L AAA Load resistor
’d
LA AL LA L LLAAAA
b | S

Screen Mated connector

under test EC

b) Principle preparation of balanced or multiconductor connectors
for transfer.impedance (short/matched) and screening attenuation

Screening case

Extension tube
/ / Contact slice
/

N\ | |
| [ |

[
1 ip
——_ balanced
unbalanced

EECECC T e Eeey: AL load
| | A

\ N\ |
Screen Mated connector

under test

IEC 605/06

c) Principle preparation of balanced or multiconductor connectors
for coupling attenuation using a balun

NOTE 1 Add terminations for all pairs if the cable is not pair screened. If a pair screen is added, the termination
of all pairs is not mandatory but preferred.
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TP-connecting unit Extension tube Contact slice Screening case
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Generator IQa-d
—— - \3\/ '
l N
\
Screen Mated connector
under test

IEC

d) Principle preparation of balanced or multiconductor connectofs,
for coupling attenuation using a virtual balun

F 2 Add terminations for all pairs if the cable is not pair screened. If a pair screen is added, the termin
pairs is not mandatory but preferred.

Figure 5 — Preparation of balanced or multiconductor connectors

Cable assembly

e cable assembly fits into the tube, it shall be m€asured according to Figure 3. Lofr
e assemblies can be cut, and each side measured’/separately.

Measurement of transfer impedance

General

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

fFest-methed-A-matched inner circuit with damping resistor in outer circuit,
fFest-method-B—inner citcuit with load resistor and outer circuit without damping resistof
fFest-method-C—-(mismatched)-short-short without damping resistor.

procedure descfibed herein is in principle the same as-test-method-B in IEC 62153-4-3
ched inner Circuit without the use of the impedance matching adapter and without
ping resistor R,. It has a higher dynamic range than-test-method-A—-oftEC62153]
ng with(damping resistor in outer circuit.

htion

ger

vith
the

the

power splitter instead of S-parameter test set.

NOT

8.2

E Other procedures of 62153-4-3-may can be applied accordingly if required.

Principle block diagram of transfer impedance

lead resistor R4 could be either equal to the impedance of the inner circuit or be equal to
X | The | s of i | ; I I T ith

A block diagram of the test set-up to measure transfer impedance according to test method-B
of IEC 62153-4-3 with load resistor in inner circuit and without damping resistor in outer circuit
is shown in Figure 6.
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Coupling length Z_

8.3

Wheén measuring a connector or a component without tubé.in tube, the transfer impedanc]

the

The
acc
con
imp

8.4

The]

The
the
freq

wheg

-1 > Terminating Triaxial cell
resistor R,
Cable sheath I
I Callibrated receiver
I or network analyzer
Signal \
generator | |
[ 1
1 U.
N - 2 Ur
/ [ T |1 T I-I
Input voltage U, / \
Tube
/
Cable screen IEC

Figure 6 — Test set-up (principle) for transfer impedance measurement
according to test-method-B of IEC 62153-4-3 with load resistor’in inner circuit
and without damping resistor in outer circuit

Measuring procedure — Influence of connecting cables

connecting cables inside the tube to connect the DUT shall be measured.

transfer impedance of the connecting cables.which connects the DUT shall be meast
prding to IEC 62153-4-3. The measured¢value shall be related to the length of
hecting cables inside the test set-up to, connect the DUT, the result is the tran
edance of the connecting cables, Z_,.

Measuring

DUT shall be connected to the-generator and the outer circuit (tube) to the receiver.

attenuation, ap,q,s, Shall'be preferably measured in a logarithmic frequency sweep

uency points as forthe calibration procedure:

ameas = 1 0 x Iog10 (%j = _20 x Iog10(S21)

2

re

red
the
sfer

pver

whole frequency range, which is specified for the transfer impedance and at the same

Py
Py

8.5

is the power fed to inner circuit;

is the power received in the outer circuit.

Evaluation of test results

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

Ameas ~%cal
Brh g0 TR g

Z
T 2 con

(16)
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R1 + Zo _( meas — cal)

or Z.="1"2010 0 ® _7 (17)
2
when using the tube in tube method.
where
Z1 is the transfer impedance;
Zy is-the-system-impedance-{in-general-50-Q)
Ambas is the attenuation measured at measuring procedure;
ac4 is the attenuation of the connection cables if not eliminated by the calibration
procedure of the test equipment;
R, is the terminating resistor in inner circuit (either equal to the impedance of the
inner circuit or the impedance of the generator);
Zsdn is the transfer impedance of connecting cables;
Z1 is the residual transfer impedance, see 6.6.
NOTE Contrary to the measurement of the transfer impedance of cable screens, the transfer impedange of
connlectors or assemblies is not related to length.
8.6| Testreport
The| test report shall record the test results and shall conclude if requirements of the releyant
detail specification are met.
Thel use and the design of test adapters (if\any) shall be described.
9 [Screening attenuation
9.1| General
Thig method is in principlé.the same as described in IEC 62153-4-4.
9.2 Impedance(matching
9.2/ General
Megsuring-of screening attenuation can be achieved with or without impedance matching.
If the characteristic impedance of the DUT is unknown, the nominal characteristic impeddnce

of the quasi-coaxial system can either be measured by using a TDR with maximum 200 ps

rise

time or using the method described in Annex A-eftEC62153-4-4.

An impedance matching adapter to match the impedance of the generator and the impedance
of the system device under test (see Figure 7) is not recommended as it reduces the dynamic
range of the test set-up and may have sufficient matching (return loss) only up to 100 MHz
when using self-made adapters which are necessary for impedances other than-58 60 Q or
75 Q (see Annex B-ofHEC62153-4-4).
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Thel DUT with the connected extension tube shall be installed in theomeasuring tube.
extgnsion tube shall be short circuited to the measuring tube at the hear end of the geners
Thel| feeding cable shall be connected to the generator (via an impedance matching devig
necessary) and the output of the measuring tube shall be connected to the receiver.

Thel scattering parameter S,4 shall be measured.

Only the peak values of the obtained screening atténuation graph are used to determine
envglope curve.

9.2.2 Evaluation of test results with matched conditions

The] screening attenuation ag shall be calculated with the arbitrary determined normal
valde Zg = 150 Q1.

whdre

1

ag is the screening attenuation related to the radiating impedance of 150 Q _indB

Impedance Tube Connector
n;gécqg}g / under test
P / Matching resistor

R =Z,

Generator /
a
\ \

Receiver

9

Screening cap

Tube in tube Connecting cable nY

Figure 7 — Measuring the screening attenuation with tube in tube
with impedance matching device

P] 2XZS
R

A

a. =10x10019

S :10><Iog10

~ %md

r,max 2,max

=Env {—20 xlog,y| S| +10xlog,, BOZ£ ‘ - aimd}
1

The
tor.
e if

the

sed

18)

19)

Aimd is the attenuation of the impedance matching device (if appropriate);

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

primary side of the two port is the DUT and the secondary side is the tube;

Z, is the characteristic impedance of the cable under test, in Q.

Zg is the normalized value of the characteristic impedance of the environment of a typical cable installation.
not in relation to the impedance of the outer circuit of the test set-up.

is the scattering parameter S,; (complex quantity) of the set-up where the

Itis
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At frequencies lower than the limit of the electrically long coupling length, the measurement
will be similar to that for surface transfer impedance.

9.2.3 Measuring with mismatch

The DUT shall be connected to port 1 and the test head of the set-up shall be connected to
port 2 of the vector network analyser.

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

The[scattering parameter 5,5, shall be measured.
Only the peak values of the obtained screening attenuation graph are used to detérmine|the
envglope curve.
9.24 Evaluation of test results
The| screening attenuation ag which is comparable to the results of the absorbing clamp
method shall be calculated with the arbitrary determined normalised value Zg = 150 Q1.
P P 2x7Z
aS :10><|Og10 L :1O><|()g10 L S 20)
Pr,max 2,max R
300Q
2
= Env{-20x10g,q| S, |+10410g,,| 1-7*|+10xlog,, = 21)
1
whdre
ag is the screening attenuation related to the radiating impedance of 150 Q, in dB;
Eny is the minimum envelope curve of the measured values, in dB;
Ss is the scattering parameter S,; (complex quantity) of the set-up where the
primary side of the two port is the DUT and the secondary side is the tube;
Zy -7,
r is the reflection coefficient =|| ——— | ;
Zy+7,
Zy is the characteristic impedance of system, in Q (usually 50 Q);
Z, is the characteristic impedance (in complex form) of the device under test, in .

9.3 Test report

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

The use and the design of test adapters (if any) shall be described.
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Coupling attenuation

10.1 General

Coupling attenuation of balanced transmission devices including differential pairs describes
the overall effect against electromagnetic interference (EMI) considering both the unbalance
attenuation of the pair and the screening attenuation of the screen. Subclause 5.4 of this
document gives additional information on coupling attenuation. The principles of measuring
the coupling attenuation of balanced cables are described in IEC 62153-4-9. Parts of the
information given therein as well as the specific information needed for measuring connectors

and

cable assemblies is given in the following subclauses

10.2 Procedure for testing connectors

The| coupling attenuation measurements of connectors can be performed with(either a {
por] VNA (or a generator and a receiver) and a balun (see Figure 8) or with)\@ multiport

mix

bd mode) VNA and a TP-connecting unit (see Figure 9) in both cases sith’the use of]

tubg-in tube procedure.

Thel DUT is connected to the connecting cables at the near end aceording to the instruct

of

ag
the

BUF

he manufacturer and terminated at the far end by differential and common m)

terr];lnatlons according to Figure 5c. The sample is then centred in the tube and fed by either

nerator-in-the-differential-modevia—a balun—see-Figuredd (0Or port 1 of a 2-port VNA
balun to provide the differential mode (Figure 8) or¢ithis fed by 2 ports building U

diffgrential palr of a muIt|port VNA W|th the TP connectlng un|t (Flgure 9) —Mte#nah#ely—

WO-
(or
the

ons
ode

ith

p a
Lthe

The| quotient of the voltages at the output of the: outer circuit and the input of the cablg is
megsured, either directly by a network analyseror with a calibrated step attenuator [assun
thatl the receiver has the same input imp&dance as the output impedance of the si

gen

Onl

erator (R = Z4)] which is inserted as an‘alternative to the triaxial apparatus.

mugt shall be measured and recorded as a function of the frequency in order to determine

env
con
volt
set

elope curve. Attenuation jintroduced by the inclusion of adapters, instead of di
hection,—must shall be-taken into account when calibrating the triaxial apparatus.
hge ratio measured is not dependent on the diameter of the outer tube of the triaxial
up or on the charagteristic impedance Z, of the outer system, provided that Z, is la

than the input impedance of the receiver.

ning
pnal

the peak values of the maximum’ of the voltage ratio or the minimum of the attenuation

the
rect
The
test
rger

NOTE—TFhe—procedure—lo—measure—with—a—\VNA—with—mixed—mode—opliop—instead—ol—using—a—balun—is—tjnder
Connector
Tube under test Balanced/
Generator Balun unbalanced load
N

Receiver

Screening cap

Tube in tube Connecting cable

IEC

—
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evaluation of the test result is given in 10.4.
Tube DUT Balanced/
/ / unbalanced load
Generator Receiver
@ o 3
: ¢ x g |
""""""" '\ | !

| | \
Balun Tube- Screening cap A
in-tube Q}éc
N
N
Figure 8 — Coupling attenuation, principle test set-up with 2-portb\‘$A’ and balun
s/
Senerator Tube DUT (deaanced
'/ / load

Receiver

®
D l <

10.3

Mogt of the basics of t

con

The]l measurement

the

cab
ass
the

complete cr%. sembly can be tested at once as shown in Figure 10. The near end of]

benerator TP-connecting K\%?‘S

unit

N

Figure 9 — Coupling atte.@%tion, principle set-up with multiport VNA
\@nd TP-connecting unit

b Procedure for testi@&ble assemblies

’p'rocedure for testing cable assemblies are comparable to the tes
scribed in 10.2. The following additional precautions shall be ta

nhectors which ar,

length of thettest objects. If the assembly is shorter than the length of the outer tube,

e ass
3mb§wear end. This adapter provides the test signals (near end or feeding adapter
f d

ada

t of
en.

able assemblies can be divided in two different problems depending on

the
the

is connected to an adapter that contains the mating counterpart of the cable

. At

, the cable assembly is connected to a second adapter (far end or matching
P that contains the mating counterpart of the cable assemblies far end connector. [The

far end adapter includes the matching resistors of the differential pairs according to Figure 5c.
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Generator Tube DUT Balanced

/ / load

J Receiver

CI=

Generator

TP-connecting Tube- Screening cap
unit in-tube

IEC

If th
two
Thig

the [TP-connection unit to the generators (2-ports of the multiport \NA)Y building the differe

pair

rempving the cable sheath. The far end of the measured cabfé,assembly halve is contai

Figure 10 — Coupling attenuation, principle test set-up with multiport VNA and
TP-connecting unit for measuring complete cable assemblies

e cable assembly which is to be tested is longer than the outer tube, it shall be cut
halves which shall be measured separately without the use of the \tub-in-tube proc
situation is depicted in Figure 11. The near end of the measured balve is connected

. The screen of the halved cable assembly at the near endisconnected to the tube

the |connector. It is connected to the far end adapter contaifiing the matching resistors of|
diffgrential signal pairs according to Figure 5c.
Generator Tube DUT
/ / Balanced

into
PSS,
via
ntial
by
ning
the

l load Receiver

]

9

\

— }

\

@_ =t
&

q

10.4

The]
atte)

TP-connecting Screening cap
unit

benerator
IE]

Figure 11 = Coupling attenuation, principle test set-up with multiport VNA
and TP-connecting unit for measuring halved cable assemblies

| Expréssion-ofresults Evaluation of test results when using a balun

attenuation of the balun shall be subtracted from the measuring results. The coup
nuation ac shall be calculated with the normalised value Zg = 150 Q:

T

ling

P P, 2% 7
ag =10xlogo|—— =10><|0910|P o RS| (22)
r,max | 2,max
=20-logqg Us +10-logqg 3002 (23)
U2max 1
=dm,min—4z +10~|Og10 30002 (24)
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ag = 20xlogyo| —21—| +10xlogyo | 2278 (23)
2max
ac = ammin — 4z +10xlogqq 2xZs (24)
where
ac is the coupling attenuation related to the normalised radiating impedance of
150 Q, in dB;
Al min is the attenuation recorded as minimum envelope curve of the measured\values,
in dB;
a, is the additional attenuation of an inserted balun, if not otherwise/eliminafed
e.g. by the calibration, in dB;
U, is the input voltage of the primary circuit formed by the cable, in*V;
U, is the output voltage of the secondary circuit, in V;
Z, is the (differential mode) characteristic impedance of the-cable under test, in Q.
10.% Evaluation of test results when using a multipork VNA
Thel voltage ratio Ui/ Usmay Shall be measured with-a<calibrated multiport VNA (or calibrated
gengrator and receiver) and corrected with regard to the influence of test leads jand
conhecting units.
NOTE The voltage ratio Uy /U, . COrresponds tQ iR€ invers of the mixed mode S-parameters S_,,, and Jy.15

resp

Thel

bctively according to the conventions shown in Ahnex F.

coupling attenuation a¢ which is g@mparable to the results of the absorbing clamp method

shall be calculated with the arbitrary™determined normalized value Zg = 150 Q:
Uy 2x7
bie)= 20 xlogyg | —3—| +10 xlogyg S 25)
2max diff
whdre
ac is”the coupling attenuation related to the normalised radiating impedance| of
150 Q, in dB;
Uqlse is the differential voltage at the calibrated generator ports;
Uskas is the output voltage of the secondary circuit, in V;
Zg is the arbitrary determined normalised impedance (150 Q);
Z 4ifs is the (differential mode) characteristic impedance of the cable under test, in Q.
The envelope curve over the minimum values shall be used as result.

10.6 Test report

The test report shall indicate whether the results of minimum coupling attenuation comply with

the

value indicated in the relevant cable specification.
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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.

The use and the design of test adapters (if any) shall be described.

A typical measurement graph of a connector is given in Figure 12.

Frequency, F (MHz)
1 10 100 1000 10 000

n -

-80 /A

= N T

v Connector, tube in tube 1 m/4 cm
IEC

Figure 12 — Typical measurement of a,connector of 0,04 m length
with 1 m extension'tube
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Generator Tube (CoMeT 40) Balanced/
unbalanced load
@ Receiver
\/7 |
e (. @
DUT Screening cap
Connecting
Generator device
IEC
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Annex A
(normative)

Determination of the impedance of the inner circuit

If the impedance Z, of the inner circuit is not known, it may be determined using a TDR with
maximum 200 ps rise time or using the following method with a (vector) network analyser
(VNA).

On end of the prnpnrnd campln 1S connected to the \II\IA, which is calihrated for impnrl nce
megdsurements at the connector interface reference plane. The test frequency shalll be
approximately the frequency for which the length of the sample is 1/8 A, where~x.is|the
wavelength.

Co

Jiest ® (A1)
8><Lsample x 8r1
whgre
Jrest is the test frequency;
0 is the speed of light (3 x 108 m/s);
[ sample is the length of sample.

The| sample is short-circuited at the far end. The impedance Zg,,,, is measured.

The|l sample is left open at the same pointowhere it was shorted. The impedance Zopehn is
megsured.

Z4 i calculated as:

Zy=\Zehon X Z (A.2)

open
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Annex B
(informative)

Example of a self-made impedance matching adapter

IEC 62153-4-7:2021 RLV © IEC 2021

The graphs in Figure B.1 and Figure B.2 show the attenuation and return loss of a 50 Q to 5 Q
impedance matching adapter. A DUT impedance of 5 Q is typical when measuring multipair
cables with individually screened pairs or when measuring high voltage cables for electrical

vehicles.

The| attenuation and return loss were obtained from an open/short measurement. Onge

obtain that the matching adapter only works up to 10 MHz.

A
-5

dB
o

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

10
15
20
25
30
35
40
45
50
55

60
0,01

50 Q side 560
5Q side — alpha dB

— RL

0,1 1 10 100 1000 10 000

IEC

Figure B.1 — Attenhuation and return loss of a 50 Q to 5 Q impedance

matching adapter, log scale

can
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Self made 50/5 Ohm impedance matching adapter open/short measurement

-5
L0 >
//_\ﬁ MHz
5
10
15
20
25
47,5Q
1
30 —_—
35 50 Q side 56Q
5 Q side — alpha dB :
— RL
40 A Y
500 1000 1500 2000 2500 3000

IEC

Figure B.2 — Attenuation and return loss of a 50 Q'to 5 Q impedance

matching adapter, lin scale
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Annex C
(informative)

Measurements of the screening effectiveness
of connectors and cable assemblies

General

to _the increasing use of all kinds of electric or electronic equipment, electromagnetic

ition is on the increase. To reduce this electromagnetic pollution, all components
em, especially the connecting cables (assemblies) shall be screened. It is obviQus
needs standardised measuring procedures to compare the screening effectivenes

diffgrent screen designs. The basic screening parameters are the transfer impedance Z;

the
met
ass
con

emblies. However, for the measurement of the screening ag or coupling‘ac attenuatio
nectors and cable assemblies, an easy and cost effective method does not exist.

The following new method, which fills this gap, is described hereafter. It is based on
recently introduced shielded screening attenuation (long Ariaxial) test method for
megdsurement of the screening or coupling attenuation of cables[7], [8]2.

C.2

Cc.2

For
atte)
(9],

The
prin

Physical basics

1 General coupling equation
the measurement of the coupling, it is, éxpedient to use the concept of operati

[10]. The general coupling transfer function is then defined as:

;o an,f/\/z _ VEons
N,

electromagnetic~influence between the sample under test and the surrounding i

—~

nuation with the square root of power\waves, as in the definition of scattering parame

pf a
that
5 of
and

screening attenuation ag or coupling attenuation ac. Either the triaxial or the)line injegtion
hod can be used to obtain the transfer impedance Z; of cables, connectors and cable

n of

the
the

bnal
ters

5 in

ciple the crosstalk’between two lines and is caused by capacitive and magnetic coupling.

At the near endj the magnetic and capacitive coupling adds whereas at the far end tfhey

sub
infin
whg
fung
folld

n summing up the infinitesimal couplings along the line is expressed by the sum

ract [10]4[11]. The coupling along the sample length is obtained by integrating|the
itesimal coupling distribution along the sample with the correct phase. The phase effect,

ing

tion\S' [10]. When the sample attenuation is neglected, then S could be expressed by|the
wing equation, where B, ., are the phase velocities of the primary respectively |the

secondary circuit and [ the coupling length. The indices n and f denote the near respectively

the

The

far end.

equivalent circuit for two coupled lines is given in Figure C.1.

2 Figures in square brackets refer to the Bibliography.

exp(—/(B,+B,)-1/2) (C.2)
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Z1n ’

\Lw Z1; er1; V1 U1f\L

U2 72, €2, V2 Uot

lle—ﬂ

]

Figdre C.2 shows the summing function which is in principle a sin (x)/x function. For

freq

And

IEC

square root of the feeding power
square root of the coupled power, near end
square root of the coupled power, far end

matching resistors, 1 = primary circuit, 2 = secondary circuit, n = nearehd, f = far end
characteristic impedance, 1 = primary circuit, 2 = secondary circuit
dielectric constant, 1 = primary circuit, 2 = secondary circuit

velocity of propagation, 1 = primary circuit, 2 = secondary, circuit

Figure C.1 — Equivalent circuit of\coupled transmission lines

uencies, the asymptotic value becomes:

2
%—
(B, +B,)x!

n
f

for low frequencies, the summing function becomes:

—

—

nigh
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Figure C.2 — Summing function §

The| point of intersection between the asymptotic values for low and high frequencies is th¢ so
called cut-off frequency f.. This frequency gives the condition for'€lectrical long samples:

whdre

.1 |is the relative dielectric permittivity of the inner system;
€0 |is the relative dielectric permittivity?of the outer system;
[ |is the cable length.

C.2{2 Coupling transfer function
C.2)21 Homogenous screens

The| primary screening‘quantities of a screen are the surface transfer impedance Z; and|the
cappcitive coupling impedance Zg or the effective transfer impedance Z;g. For homogengous
scrgens such as\for connectors or cables, they can be assumed to be constant along|the
length. The integration could then be easily solved. The coupling between the sample and|the
surfounding.could be expressed by the following coupling transfer function. For matched lines
it is|[9], [10Q:

T, =(Z £Z; ) x ———=x=xS§ (C.6)
f

For low frequencies, when § = 1, the coupling transfer function corresponds to the frequency
behaviour of the surface transfer impedance and capacitive coupling impedance. After a rise
with 20 dB per decade, the coupling transfer function shows different cut-off frequencies f., ¢
for the near and far end. Above these cut-off frequencies, the samples are considered as
electrically long.

The calculated coupling transfer function of a coaxial cable is given in Figure C.3. The
principle set-up of the triaxial test procedure is given in Figure C.4.
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e = |

igure C.3 — Calculated coupling transfer function (/=1 m; e =2,3; ef3 =1; Zg = 0))

Belpw the cut-off frequencies, the surface transfer impedance Z; is the measure of|the
scrgening effectiveness. The value of the transfer impedance Z; increases with the sample
length.

Abgve the cut-off frequencies in the range of wave propagation, respectively in the range
whgre the samples are electrically long, the screening attentiation ag is the parameter for|the
scrgening effectiveness. The screening attenuation is a length-independent quantity.

C.2]2.2 Cable assembly screens

Calle assemblies are composed by the cablecitself and a connector at each end. In addition
to the coupling of the components itself, the coupling of the transition between cable jJand
conpector also should be taken into account: Mounting a good connector to a good cable|will
not jautomatically lead to a good assembly because the connection between the cable and|the
conhector may be worse.

Eacdh part of it has a different coupling, thus one has to integrate in sections along|the
sample, i.e. one section forCeach component (connector A, transition, cable, transifion,
conhector B). In a first approach, the velocity in each section could be assumed to be ecjual.
Thel coupling transfer function for matched lines is then expressed by:

n Z +Z ~(V1+v2) Xili
]:1 Bl 7 il ¥ MO r= 1_6—(Y1+V2)><L| -7
\(1+\(2 ' 2><,/Z ><Z ( ) 7
- C ( ) ,24: |
=YaL n . -/ Yi—Y2) xQ L
yp— x» | —H—TL_xe = x(1 et Vz)*”) (C.8)
Y V2 i=1 2X«[Z XZ

where

Y12 is the complex wave propagation constant of inner, respectively outer circuit;

L, is the whole coupling length (sum of the segment lengths);
L; is the length of segment ;;
n is the number of segments (for cable assemblies, 3);

T, ¢ s the coupling transfer function at the near respectively far end;
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Z4 o s the characteristic impedance of inner, respectively outer circuit;
Z is the capacitive coupling impedance;
Zt  is the surface transfer impedance;
Y is the propagation constant
= (a +jB ), where a is the attenuation constant and B is the phase constant.

c.2.2.3 Coupling in the triaxial set-up

The above-mentioned coupling transfer functions are valid if the primary and secondary circuit
are Illdtbhcd. ::UVVUVCI, ;II thc tlid}\;a: bct-up, thc chulldaly Dybtclll (uutcl b;lbu;t |S
misfnatched (see also Clause C.3). At the near end, one has the short circuit between|the
sample screen. At the far end, one has the mismatch between the impedance of/the’ outer
circlit and the receiver input impedance resulting in the reflection coefficient r, ;. In this case,
the resulting coupling transfer function (at the receiver end) is obtained by: :

147y,
—2xypxLg

—
CJ
(o]

~

r =(];_7:'X€_VZXLC)X1+r2‘fxe

C.3| Triaxial test set-up

C.3/1 General

Thel triaxial test set-up is one of the,classical methods to measure the transfer impedance jand
has| been recently extended for-the measurement of the screening attenuation of cable
scrgens [7]. The triaxial set-up’is described in IEC 62153-4-3 and IEC 62153-4-4 and congists
of a tube of brass or alumifiium with an inner diameter of about 40 mm. Other diameters may
be ysed depending on the frequency range to be measured.

Screen Tube Matching resistor
under test R =Z

(Senerator / 7 Receiver
) °
- o
e

Screening case

" NN
s

IEC

Figure C.4 — Triaxial set-up for the measurement of the screening attenuation ag
and the transfer impedance Z;

For the measurement of the transfer impedance (electrically short coupling length), the tube
length is 0,5 m to 1 m. For the measurement of the screening attenuation (electrically long
coupling length), the measuring tube is extended to a length of 2 m to 3 m (see also the
above theoretical explanation).
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In the outer circuit, at the near end, the screen under test is short circuited with the measuring
tube. The electrical waves, which are coupled over the whole cable length from the inner
system into the outer system, propagate in both directions, to the near and to the far end. At
the short circuited end, they are totally reflected, so that at the measuring receiver, the
superposition of near and far end coupling can be measured as the disturbance voltage ratio
U,/U,. The screening attenuation as a power ratio is then related to a standardised
characteristic impedance of the outer system Zg = 150 Q.

as :20><qu( Y, )+10x|0q(2xzsw
UV e ) 2
whdre
Z4 |is the characteristic impedance of the sample under test and Zg is 150 Q.
C.32 Measurement of cable assemblies
C.3]121 General

Wheén measuring cable assemblies in the triaxial test set-up, ther@'is the problem in that

leng
of 2

a)

b)

C.3

or assemblies longer than the measuring tubey,it™is sufficient to measure just
hccessible assembly ends;

or assemblies shorter than the measuring tube; one can extend the assembly by a v
screened cable inside a closed copper tubesThis is the so called tube in tube method.

2.2 Assembly longer than the measuring tube

(C.10)

heir

ths differ widely and are either shorter or longer than the commonly used measuring flube
m or 3 m. However, the investigations of the above-given.coupling functions show that:

oth

ell-

In gcreening attenuation measurements” of cable assemblies, it is evident that the result is

cha
cab

is gqufficient to measure the assembly from both ends (provided that the cable scree
homogenous). The worst caserof both measurements is then the screening attenuation of]
whdle assembly. The simulated graphs given in Figure C.5 and Figure C.6 underline
evidence.

The| simulation parameters are:

racterised by the weakest part. Either the cable or the connector or the transition betw
e and connector. Thus, for cable assemblies which are longer than the measuring tub

cable screen

b)

c)

een
e, it
h is
the
that

ength: 500 cm

DC resistance: 13 m Q/m

meaghetic-cotphng: B8;04mHfm

capacitive coupling: 0,02 pF/m

connector screen including transition from cable to connector
length: 5cm

DC resistance: 2m Q/m

magnetic coupling: 0,002 mH

capacitive coupling: 0 pF/m

outer circuit (secondary system)
impedance: 150 Q
dielectric permittivity: 1.1
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d) inner circuit (primary system)

impedance: 50 Q
dielectric permittivity: 2,3
0 0 . :
— assy cmpl
10 — assy cmpl L 10 — assy part L
— assypart min

20 20
30 30
40 40 47 47
50 N 50 T ) L Ay .
60 P Mﬁbﬁ £ -
70 1 | o e VT T !
80 80 ! |
90 90

100
100 0 500 1000 1500 2000 ¢ 2500 30po

d,1 1 10 100 1000 EC
IEC
Figure C.5 — Simulation of a cable Figure C.6 — Simulation of a cable
assembly (logarithmic scale) assembly (linear scale)

The| blue line shows the result of the complete cable assefmbly, i.e. 500 cm cable and both
conhectors. The red line shows the result for just one parfcof the assembly, i.e. 195 cm of|the
cable and one connector. In the lower frequency rangej“where the samples are electrigally
short, one gets a length dependent result. Howevern‘the higher frequency range, where|the
samples are electrically long, one gets the same&/minimum value, i.e. the same screefing
attejnuation of 47 dB.

C.3]2.3 Assembly shorter than the measuring tube

When the assembly is shorter than thg-measuring tube, the assembly can be extended ﬂJy a
well screened connecting cable inside a closed copper tube. This is the so called tube in fube
method (see also Figure C.7 and Figure C.8).

The| extension tube then ,acts’ as a resonator. The same principle is also used for|the
megsurement of connectors</Further details can be obtained from the following explanation of
the measurement of connectors.

C.3i3 Measurement of connectors
C.3]3.1 General
Usdal RF<connectors have mechanical dimensions in the longitudinal axis in the rang¢ of

10 mhm te50 mm. With the definition of electrical long elements, we get cut-off frequencies of
aboEt 3 GHz or higher for standard RF-connectors. Above that frequency, they are considgred

to be electrically long.

The screening attenuation is by definition only valid in the frequency range above the cut-off
frequency, where the elements are electrically long. Thus, the screening attenuation of a RF
connector itself can only be measured at frequencies above 3 GHz.

However, by extending the RF-connector by a RF-tight closed metallic tube, a cable assembly
which is electrically long is built. Thus, the cut-off frequency, respectively the lower frequency
limit, to measure the screening attenuation is extended towards lower frequencies. If one
connects this extension tube directly to the connector under test, one is measuring the
screening attenuation of the connector (and its mated adapter). If one connects the extension
tube to the connecting cable close to the connector, one measures the screening attenuation
of the combination of the connector (and its mated adapter) and the transition between cable
and connector (see also figures below).
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NOTE Although the connector itself stays electrically short, the combination of the connector and the extension
tube shows the behaviour (the screening attenuation) of the connector when connected to a well screened cable,
which has a screening effectiveness better than the one of the connectors (or the transition between cable and
connector). See also the explanation in C.3.3.2.

C3

For
resy

SCreg

ectively
(see Figure8)< The extension tube is either connected to the connector under test or to
en of_the connecting cable of the connector under test. At the far end, the conne
under testis connected to the screening cap of the triaxial test set-up via its mated adapte

Tube Connector Assembly
% interface under test
/
Generator Receiver
\ S
Connecting Screening cap
cable
Extension

tube IEC

Figure C.7 — Triaxial set-up with extension tube for short,cable assemblies

Connector Mated
under test adapter,
Generator \ Receiver

~) =2 ,
7] -

[ \ Screening cap
Extension  Connecting Measuring
tube cable tube

IEC

Figure C.8 —(Triaxial set-up with extension tube for connectors

Measurenient set-up

the measurement of RF connectors, the triaxial set-up according to IEC 62153
IE€C62153-4-4 has been extended by a RF-tight closed metallic fube

[4-3

the
ctor
r.

The measurement of the screening attenuation itself is the same as the measurement of cable
screens according to IEC 62153-4-4.

C.3.3.3

Measurement results and simulations

In a first approach, one has measured short cable pieces instead of a connector. The
advantage is that the results are not influenced by a mating adapter or the transition between
cable and connector. The cable is a coaxial cable with an impedance of 75 Q, foam PE
dielectric and a single braid screen (not optimised, i.e. under-braided). The simulations have
been done with the equations (C.7), (C.8) and (C.9) where the number of sections is 2. The
first section is the connecting cable with the RF-tight extension tube.
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Thus, the transfer impedance and capacitive coupling impedance of that section is neglected.
The second section is the cable under test with following parameter:

DC resistance: 8 m Q/m
magnetic coupling: 0,6 mH/m
capacitive coupling: 0,02 pF/m
impedance: 75 Q

dielectric permittivity: 1,35

- ‘ as4 esults
(Figu In the lower frequency range, when

frequency range, one can see the influence of the extension tube. The 10 cm samplg is
elegtrically short over the whole frequency range, as the cut-off frequency is 59 GHz. Thus,
the [coupled power increases with increasing frequency. However, the quasi~cable assembly
conposed of the connector and the extension tube is electrically long above 590 MHz, which
resylts in a constant maximum coupled power. One characteristic of an electrically long ohject
is also that the maximum coupled power is independent of the sample lerigth (see C.2.1). This
is upderlined in Figure C.13 and Figure C.14, where the simulated results of a 4 cm sample in
a 1| m respectively 2 m tube, i.e. with a 96 cm, respectively 196 cm extension tube, |are
shon. The envelope of both curves is identical.
0 ‘\HH [ TTTTI [ T 1T 0 H‘S‘B‘HHO \_\H\H\\tb\ [ TTTIT
10 1= S8 Amint miube 10 I~ Shaominimube
20 20
30 30
40 40
50 50
60 - 60 = 7
70 aulf 70 L i |
. A . Al
90 e 90 Al . |
100 LTl [T 100 all Il
a1 1 10 100 1000 10 000 0,1 1 10 100 1000 10po0
IEC IEC
Figure C.9 — Simulation, Figure C.10 — Measurement,
logarithmic frequency scale logarithmic frequency scale
° \—‘SB10 "10 b‘ ° \ 33‘10 i 18 tub ‘
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v
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0,1 500 1000 1500 2000 2500 3000 0,1 500 1000 1500 2 000 2 500 3000
IEC IEC
Figure C.11 — Simulation, Figure C.12 — Measurement,

linear frequency scale linear frequency scale
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Figure C.13 — Simulation, Figure C.14 — simulation,
logarithmic frequency scale linear frequency scale

C.4 Conclusion

Cugtomers and users of RF cables, cable assemblies and connectors ask more often| for
scrgening effectiveness values in decibels (dB) instead of transfer impedance values in W
mQ|respectively mW mQ/m. The tube in tube method replies to that need since it offefs a
simple and reliable method to measure the screening attenuation in dB of connectors |and
cable assemblies. That method is an extension of the shielded screening attenuation (long
triaxial) test set-up according to IEC 62153-4-4.

Thel comparison of the measured and the calcéated curves show good concordance.

The| advantages of the tube in tube method for connectors and assemblies are the samg as
for fhe measurement of the screening attenuation of cable screens in the tube:
e simple and easy test set-up;

¢ |nsensitive against electromagnetic disturbances from outside;

e high dynamic range >130)dB;

e good reproducibility:.
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Annex D
(informative)

Influence of contact resistances

2021

Contact resistances between the feeding cable and the extension tube or the screening case
in the test head may influence the test result. Contacts shall be prepared carefully with low
resistance or with low impedance. Contacts shall be achieved over the complete
circumference of the screen. Critical contacts are shown in Figure D.1.

The]

Connector
under test

/

Tube Contact R,

Generator

&)

Receiver

@

Screening case

—
\\
Contact R 4 \

Extension Connecting Contact R,

tube cable IEC

Figure D.1 — Contact resistances of the test set-up

equivalent circuit of the complete test'set-up including the contact resistances is giveln in

sion
the

Figdre D.2. The test set-up shall be designed such that contact resistances of the exten
tube are in series with the input impgedance of the receiver and the contact resistance of|
scrgening case including the matching load of the DUT is in series with the generator.
\__/> Umeas
1
| S|
50 Q
Ry
extension tube
1
2 Uzt
50Q anme _>
1 | 1
—] —] | IS—
ZTDUT
Uq Rmatch
IEC
Key
R,, R, and R, contact resistances depicted in Figure D.1.
Z cable characteristic impedance of the connecting cable (see Figure B.1)
Z

DUT

transfer impedance of the DUT

Figure D.2 — Equivalent circuit of the test set-up
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In this case, contact resistances of a few mQ in series with the 50 Q input resistance of the
generator or the receiver are negligible.

The test set-up should be designed such that contact resistances are not in series with the
transfer impedance of the DUT. If contact resistances are in series with the transfer
impedance of the DUT, they will influence the result considerably.
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Annex E
(informative)

Direct measurement of screening effectiveness of connectors

General Scope

This document describes the measurement of transfer impedance and screening or coupling
attenuation of connectors and cable assemblies with the tube in tube procedure. As shown in

Figdre 2, connectors usually are measured with a short piece of connecting cable.

In @
con
con

E.2

The]
this

Con
and

Figyre E.1; e.g. by a screwing joint of the connectorunder test to the extension tube and

scCre
mar
mo\
Anyj
resq

ifferent cases, it may be required to measure the screening effectiveness direCt on

nectors. Clause E.2 describes the test set-up for direct connector measurement.

Test set-up

test set-up and measurements are in principle the same as_in Clause 8 to Clause 1
document.

the screening cap are directly connected to the)connector under test (CUT),

ening cap. The torque of this screwing joint/shall be specified by the conne
ufacturer. In order to vary the test lengtth and therefore the cut off frequencieq
eable shorting plane can be used as an option, see also IEC 62153-4-15:2015, Anne
contact solution providing a 360-degreezeontact with sufficiently low resistance to a
nances can be used for the sliding shart.

Wtoveable short
Measuring tube (optional) Connector
& under test

Matching resistor

the

hector or without connecting cable, e.g. to evaluate the EMC of the interface-of*the mated

D of

trary to the set-ups in Clause 8 to Clause 10 of this document, the RF-tight tube in fube

see
the
ctor
, a
K F.
oid

V R1 = Z1
Generator )
Receiver

=== s=1e

Figure E.1 — Principle of the test set-up to measure transfer impedance
and screening attenuation of a connector

H bl fa H
::::::::::::::: TR eetg—tatTe —eeeH g taP EC

The same applies in principle to the set-up for measuring cable assemblies, see Figure E.2.
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) Connector Assembly Matching resistor
Measuring tube interface under test R,=Z,

Generator .
Receiver

. 4
NN N P,
@ R R I RRKe - @

Extension tube, Connecting Sceening cap
variable length cable IEQ

Figure E.2 — Principle of the test set-up to measure transfer impedance
and screening attenuation of a cable assembly

If a|multi conductor cable is tested instead of a single-conductor e€able, a combination of inner
confluctors (cores) shall be selected such that their impedance to“the screen is closest to| the
intefnal impedance of the test receiver, see Figure E.3 (€.g7 determined by means o¢f a
reflgctometer).

K ey

IEC

Key
1 donnection

2 terminating impedance50 Q
3

ihner contact frem"\RF connector connected to the shielded tube

Figure E.3 — Example of sample preparing

E.3| < XConstruction details of test set-up

The connection of the RF-tight tube as well as the RF-tight connection of the screening cap
may influence the test results considerably. Worse mounted connections may lead to
leakages and to poor test results.

Figure E.4 and Figure E.5 give examples of how to connect the tube in tube and the screening
cap to the CUT.
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mating connector

(@)

1
2 doupling

3 Hush (Cu-material)
4

(@)

opper tube
a HF-density RF-tight connection (soldered for example)

Figure E.4 — Screening tube with separate nut

IEC

Key
mating connector
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ut

gopper tube

a » O N =
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Figure E.5 — Screening fixed with associated nut
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Annex F
(normative)

Mixed mode S-parameters

General

To measure parameters like unbalance attenuation, coupling attenuation, etc. of balanced
cables, connectors and components, a differential signal is required. This can, for example,

ana

Altg
hav
mul

The
eac
the
long

be Fenerated by using a balun which converts the unbalanced signal of a 50 Q negv

yser into a balanced signal.

rnatively, a balanced signal may be obtained by using a vector network amalyser (V
ng two generators with a phase shift of 180°. Another alternative is tomgdsure wi
i-port VNA (virtual balun).

properties of balanced pairs are determined mathematically from thé measured valug

determination of the reflection and transmissions characteristi¢s of symmetrical pairs i
er limited by the balun but by the VNA and the connection teChnique.

ork

INA)
h a

s of

h single conductor of the pair against reference ground. The covgrable frequency range for

b NO

F.2| Definition of mixed mode S-parameters
The| transmission characteristics of four poles or gwoe/ports, such as coaxial cables, may be
desfribed by the scattering parameter or abbreviated “S-parameter”. In matrix notation, |ft is
writfen as illustrated in Figure F.1.
4 b,
L — Q== > b1 =(S)- a _ S11 S12 . a
Common b, a, Sy Sp a,
Port 1 two port Port.2
S
q— - where a and b are the normalized power wayes
b, a4 of the input and output ports.
IEC

The

Figure F.1 — Common two-port network

definition)of the scattering matrix can be easily extended to arbitrary N gates. For a f

pur-

por{, these-result in the network illustrated in Figure F.2.
% 4»
port 1 port 3
-~ - b, a4 St S S Sy (@
b b
1 ?OOUTE]:Q : b, _(Sstd)' @ _ Sy S S Su ||
a5 S a, by a; Sy S Siz S| | g
port 2 port 4 b, a, Sy S Sz S a,
- -
b2 b4
IEC

Figure F.2 — Common four port network
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For the measurement of symmetrical two-ports, the physical ports of the multi-port VNA are
combined into logical ports, as illustrated in Figure F.3.

Balanced port Balanced port
VNA VNA
port a 0 | portc _
Logical DUT VNA Logical
o °) pats
Unbalanced Balanced port

VNA
port ¢
Logical VNA DUT ° Logical
porta o | VNA
portd
IEG

Figure F.3 — Physical and logical portsof a VNA

Thelnomenclature in Figure F.4 is used.
SxyAB

L Number of the WNA-port with stimulus

Number of thig,VNA-port with response
Modus of the VNA-port with stimulus
Modus of.the VNA-port with response

s: Single ended (unbalanced, coaxial)

Modus Y\ld: Differential mode (balanced)

c: Common mode

Figute F.4 — Nomenclature of mixed mode S-parameters

Accprdingly, th&sS-parameters can be understood as ratios of power waves.

_ input signal at VNA-port A at modus x
A8~ input signal at VNA-port B at modus y

The conversion of the asymmetrical four-port scattering parameters Sstd to mixed mode
scattering parameters S™™M for a symmetrical two-port network is given by:

Smm =M ‘SStd .M—‘]
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where
1 10 0 de21 de12 Sdc11 Sdc12 T
M—i 0 0 1 41 €2) | gmm _ _de21 dezz_ _Sdc21 Sdczz_
\/E ; :) (1) (1) Scd11 Scd12 Scc11 Scc12
__Scd21 Scd22_ _Sc021 SCCZZ_J

For|the measurement of a two-port with an unbalanced port (single ended) and a{batanced

porf, the following measurement configurations arise (see Figure F.5):

Stimulus
Single Differential Common
ended mode mode
Logical Logical Logical
port 1 port 2 port 2
Single Logical
end%d pOgrt 1 Sss11 Ssd12 Ssc12
®
c H : .
2 Differental Logical Sas21 Saazz Sac2z
8 mode port 2 s. [
[v'4 R
Common Logical S s s
mode port 2 cs21 cd22 cc22

IEC

Figure F.5 — Measuremeént configuration, single ended response

Thel measurement of the coupling attenuation corresponds to a stimulus in the differe

ntial

mode and to a response in the-Unbalanced (coaxial) mode (single ended), i.e. a measurement

of the S-parameter Sg4q,. \The measurement of the screening attenuation corresponds
stimulus in common mode and to a response in the unbalanced (coaxial) mode (si
ended), i.e. a measyrerent of the S-parameter Sg.4,.

For| the measurement of a four-port, the following test configurations are obtained
Figdre F.6):

o a
hgle

see
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Wheén measuring with 4 port VNA with mixed mQde parameters, a full 4-port calibration,
electronic calibration units, shall be applied.”"The VNA (Z, = 50 Q physical analyser pq
the default values reference impedange$’for the differential mode Z,4 = 100 Q (= 2 x

with
sets
and

IEC

Figure F.6 — Measurement configuration, differential mode résponse

measurement of the attenuation of a balanced pair correspords’to a stimulus an
i.e. a measurement of the~'S-parameter Sy451.

onse in differential mode,
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Stimulus
Differential mode Common mode
Logical Logical Logical Logical
port 1 port 2 port 1 port 2
Logical
Differential pOgI't 1 de11 de12 Sdc11 Sdc12
o mode Logical
g port 2 Sadz1 Sadz Saca1 Sac22
o
o Logical
& Common pc?rt 1 Seatt Seat2 Seetn Sect2
mode Logical
pc?rt 2 Scd21 Scd22 Scc21 S(:(:22

d a
The

surement of the unbalance attenuation with stimulus in differéntial mode and comimon

e response corresponds at the near end with the S-pagameter S.qq4 Or Sg4o1 W

sured at the far end.

Reference impedance of

for the common mode 7. = 25

a VNA

Q (= Z,P2).

hen

e.g.
rts)

Zy)
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Annex G
(normative)

Accessories for measuring coupling attenuation

TP connecting unit

A balanced signal may be obtained with a vector network analyzer (VNA) having two
generators with a phase shift of 180° or with a multi-port VNA using mixed mode S-

parameters (balunless or virtual balun, respectively). To connect the unbalanced ports off the
VNA with the balanced device under test (DUT), a TP-connection unit, also with hi RF
performance, is required. The TP connecting unit performance requirements are s fied in
Table G.1. (.1:\
Table G.1 — TP-connecting unit performance characterisfq:g/
(100 kHz to 2 GHz) W
a) 4
Parameter '\?g’%e

Chéracteristic impedance, primary side (single ended)?@ 50 Q Q()-l/

Chéracteristic impedance, secondary side (differential)? 1x 100 Q (?i/@yential)

Refurn loss, differential mode® > 20 dB s\\v

£
Attgnuation, differential mode® <0,
N

Unbalance attenuation (TCTL)¢ Q%O)dB-WXIog (f), 40 dB max.

a8 |Two ports with single ended impedances of 50 Q Q%@tes a common mode impedance of 25 Q anfl a
differential mode impedance of 100 Q. ‘\

b [To be measured e.g. with a 4 port mixed \@ network analyser. One logical port is generated by [the
combination of two single ended ports. A s&&ond logical port is generated by the combination of two other
single ended ports. The S-parameter de‘&@len represents the negative return loss of the differential modg.

¢ |With the test set-up according to b th@bsolute dB value of the S-parameter, S4q11 then represents the return
loss of the differential mode.

4 |with the test set-up according @ b the S-parameter, S.q21 represents the negative unbalance attenuafion
(TCTL). d §

G.2 Termina gr{ of the DUT
A djfferen '@node termination is required for each pair at the near and far end of the cable
as gho Figure G.1.

Rpm = Z;ﬁ (11)

The

termination of the common mode (Rpy//Rpp) is 25 Q.

NOTE Since modern mixed mode VNAs use a 50 Q generator and receiver impedance as default value, the
common mode value results in 25 Q.
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TP-connecting unit ~ Device under test, DUT

Port 1
Port 2
4-port

network
analyser

G.3

G.3

Wheén measuring transfer impedance and

cab

Qu4
the

realjzing differential adapters aég

G.3

Thel
rea
met
coa
the
loca
test

Rpy, R ,\:(
‘ng,é‘creelgc
q/'\
©

Figure G.1 — Termination of the device unéé} test, principle

O
Test adapter QQ
<

1 General s\\)\‘\

lification tests of test adapters s
sensitivity of the entire test,gystem. We can divide between two basic concepts w
\SUppIing the adapters with test signals.

N
2 Direct feeding wg-ﬂ coaxial cables
hing right to t@ dapter (Figure G.2). It is recommended to use connectors showing
rology conneGtor compatible interfaces. The advantage is then that the performance of

calibra generator or the VNA. The generator/VNA calibration plane could be €
ted e end of the coaxial feeder cables by including them into the calibrated part of

p\Q/ bles.

x@ening- or coupling attenuation on connectorg or
d to connect the DUT with the test set-up. Test

e assemblies, test adapters are requi
adapters may limit the sensitivity Eéég test set-up and possibly falsify the test results.

be performed to establish the noise floor, respectijely

first concept itﬁled the direct feeding concept. It applies coaxial feeding cables

hen

up
the

Kial feedi bles can be very well verified and can be directly connected to the ports of

ven
the
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Test adapter

Generator
Tube in tube / Balanced/

unbalanced load

Receiver

@E\ 1\\
%

_/ I i -
— \ T\
Coaxial feeding cables DUT  Screening cap
Gererator A
3
N
Figure G.2 — Balunless measurement of coupling attenuatiorQq/
of a balanced connector, direct feeding, principle A
b‘/
G.3|3 Balanced feeding cable

ava
inte
The
the

(b/
Thel second concept applies to balanced feeding cables (Figyﬁfg&. Therefore, malket
lable differential cable assemblies which are showing u e compatible connefctor
Iface could be reworked and finished with a suitable housing to build up the test adapter.

dis-advantage of the balanced feeding cable concept@ e more difficult verificatio
electrical performance. 09\

bnerator <<

G
Tube in tube Test-adaptiQ Test-adapter Balanced/
/\/ VAR / unbalanced load ]
N — Receiv

IEC

n of

=

S

Q \
TP - Connectinq;\' DUT Screening cap
Generator unit - O
N

G.3

O

Figu @.3 — Balunless measurement of coupling attenuation of
é’ ble assembly using balanced feeding cable, principle

4 M&l;le short circuit

Ad
Th

M\

pt r€)nc|uding a higher number of balanced pairs may require bigger housing volun
ion of the diameter of the outer tube and the diameter of the adapter housing def

IEC

nes.
nes

the Tmpedance of the adapier secfion of the oufer sysiem. It this relafion is below 2.3, an
additional point of reflections is generated affecting additional measurement uncertainties.
One way to overcome these additional uncertainties is to implement the near end shortage
plane directly into the adapter as shown in Figure G.4. The quality of the hereby realised
contact resistance shall be verified.
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Movable short
circuit
Generator

Tube in tube Test-adapter ~ Test-adapter Balanced/

L \ unbalanced load )
Receive

— | \

TP - connecting DUT Screening cap

D" =
- 540

Geperator
e

b
THT IEC

Figure G.4 — Balunless measurement of coupling attenuation of a cable~assembly
using adapters with implemented short circuit, principle
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Annex H
(informative)

Low frequency screening attenuation

Screening attenuation for cables and cable assemblies is based on system requirements and
regulations, often defined for frequencies above 30 MHz. To measure the screening
attenuation, an electrically long DUT is required. For common CATV cables, this would
require a test length of 20 m. However, for practical reasons the test length is in the range of
2 m_to 3 m which would correspond to _a minimum frequency of 300 MHz from which on

scrgening attenuation could be measured. However, it is common practice to interpr&t|the
megsured results between 30 MHz and 300 MHz as screening attenuation. The, drror
intrgduced by this interpretation is neglectable provided the test length is at least 2 n dase
of dpoubt, the test length shall be increased.
Q‘L
Figure H.1 shows an example for a test result of a cable assembly whe test length is
2m| In the diagram, the given cut-off frequency Fg(sd) is calc d according to
IEC|62153-4-4:2015 which is located approximately at 300 MHz. The n I|m|t lines are Valid
for the screening classes A and A+ according to the European Sta EN 50117-9-2:2(019.
Thel requirements for the low frequency screening attenuation f@ 0 MHz to 300 MHz |can
be ¢learly met. C)
\Q/ Frequency, f/MHz
N 500 1000 1500 ) 000 2500 3000
h Fg(sd)(62153-4-4:2015) 5 X 5
ol e e 10\ ) B
E E N | I
B (N EEETEEET - becmcecanaaan. $K\> -------------------------- bemcmeaceaann
: & :
Ul EN5QM7A---=-==--]--=----~ N %\h ---------------------------- pTTmmeeees
- N : :
B & B EN5OM7A+ """ """ ""\Q" """" S TR YATATRTATAYE .
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Figure H.1 — Example for a screening attenuation test result of
a cable assembly with a test length of 2 meters
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-7: Electromagnetic compatibility (EMC) —

atfenuation ag or coupling attenuation a; of connectors and assemblies

Triaxial tube in tube method

FOREWORD

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

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

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

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

he formal decisions or agreements of IEC on technical matters¢express, as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each\technical committee has representation frof
terested IEC National Committees.

=0 1 Q < © = 7 = Q

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

Ih order to promote international uniformity;“[EC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent passible in their national and regional publications. Any diverg
bHetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

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

Il users should ensure_that they have the latest edition of this publication.
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xpenses arising” out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications:

ttention=is drawn to the Normative references cited in this publication. Use of the referenced publicatio
indispensable for the correct application of this publication.
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IEC 62153-4-7 has been prepared by IEC technical committee 46: Cables, wires, waveguides,
RF connectors, RF and microwave passive components and accessories. It is an International
Standard.

This third edition cancels and replaces the second edition published in 2015 and its
Amendment 1:2018. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
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The document is revised and updated. It now includes IEC 62153-4-7:2015/COR1:2016 and
IEC 62153-4-7:2015/AMD1:2018. Furthermore, the changes of the revised
IEC 62153-4-9:2018 are included.

Measurements of the coupling attenuation can be achieved now by using a mixed mode
network analyser (virtual balun). The following new annexes have been added:

Annex E contains informative information about the direct measurement of screening
effectiveness of connectors;

Annex F gives normative information about mixed mode parameters;

— RAnnex G contains normative information about accessories for measuring coupling
httenuation;

— Annex H discusses the low frequency screening attenuation.

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

FDIS Report on voting
46/812/FDIS 46/820/RVD

Fulllinformation on the voting for its approval can be found in the‘report on voting indicated in
the pbove table.

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

Thig document was drafted in accordance with ISQ/IEC Directives, Part 2, and developed in
accprdance with ISO/IEC Directives, Part1 .and ISO/IEC Directives, IEC Supplemgent,
avallable at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC|are described in greater detail at www.je¢/ch/standardsdev/publications.

A list of all parts of the IEC 62153 series, under the general title Metallic cables and ofher
paspgive components test methods can be found on the IEC website.

Thel committee has decided that'the contents of this document will remain unchanged until| the
stabhility date indicated on(the IEC website under webstore.iec.ch in the data related to|the
spefific document. At this date, the document will be

e feconfirmed,
e Withdrawn,
o feplaced by-a revised edition, or

e amended.

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

The shielded screening attenuation test set-up according to IEC 62153-4-3 and
IEC 62153-4-4 have been extended to take into account the particularities of electrically short
elements like connectors and cable assemblies. Due to the concentric outer tube of the
triaxial set-up, measurements are independent of irregularities on the circumference and outer
electromagnetic fields.

With the use of an additional resonator tube (inner tube respectively tube in tube), a system is
created where the screening effectiveness of an electrically short device is measured in
realfStic and controlled conditions. AISO, a lower cut off frequency for the transition beiween
elegtrically short (transfer impedance Z1) and electrically long (screening attenuation_ag) [can
be gchieved.

A wjide dynamic and frequency range can be applied to test even super screegfied connecfors
and| assemblies with normal instrumentation from low frequencies up to the limit of defined
tranlsversal waves in the outer circuit at approximately 4 GHz.
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METALLIC CABLES AND OTHER PASSIVE
COMPONENTS TEST METHODS -

Part 4-7: Electromagnetic compatibility (EMC) —
Test method for measuring of transfer impedance Z; and screening
attenuation ag or coupling attenuation a; of connectors and assemblies -
Triaxial tube in tube method

1 |Scope

Thig part of IEC 62153 deals with the ftriaxial tube in tube method. This triaxial methof is
suitpble to determine the surface transfer impedance and/or screening ‘attenuation jand
coupling attenuation of mated screened connectors (including the connection between cable
and| connector) and cable assemblies. This method could also be extended to determine|the
tranlsfer impedance, coupling or screening attenuation of balanced of/multipin connectors jand
muliicore cable assemblies. For the measurement of transfer impedance and screeningf or
coupling attenuation, only one test set-up is needed.

2 |Normative references

The| following documents are referred to in the text.in such a way that some or all of tiheir
confent constitutes requirements of this document. For dated references, only the edition
citefl applies. For undated references, the latest‘edition of the referenced document (includiing
any|amendments) applies.

IEC|TS 62153-4-1:2014, Metallic communication cable test methods - Part @-1:
Ele¢tromagnetic compatibility (EME) — Introduction to electromagnetic screefping
megsurements

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

IEC|62153-4-4, Metallic communication cable test methods — Part 4-4: Electromagretic
conpatibility (EMC) ~=Test method for measuring of the screening attenuation as up to |and
abolve 3 GHz, trigxial method

IEC|62153-<4-8, Metallic cables and other passive components — Test methods — Part Y-8:
Ele¢tronmagnetic compatibility (EMC) — Capacitive coupling admittance

|EC82153=4=9-2018Metatfic Tormmumnicationr cabte test mettirods— Part 4=9Efectrommagrietic
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
electromagnetic gaskets - Double coaxial test method

IEC 62153-4-15:2015, Metallic communication cable test methods - Part 4-15:
Electromagnetic compatibility (EMC) — Test method for measuring transfer impedance and
screening attenuation — or coupling attenuation with triaxial cell
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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-up

EN 50117-9-2:2019, Coaxial cables — Part 9-2: Sectional specification for coaxial cables for
analogue and digital transmission — Indoor droop cables for systems operating at 5 MHz —
3 000 MHz

3

Terms and definitions

For

ISO|
add

[ ]

[ ]
3.1
sur
Zt
for
circ

Notel

Note
1Q.

Notel

the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization at. the folloy
resses:

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

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

face transfer impedance

an electrically short screen, quotient of the longitudinal voltage U, induced to the ir
Uit by the current I, fed into the outer circuit or vice’yersa

1 to entry: The surface transfer impedance is expressed<n ohms.
2 to entry: The value Z; of an electrically short séreen is expressed in ohms [Q] or decibels in relati
3 to entry: See Figure 1.

L I

1< 710
U1

Figure 1 — Definition of Z;

IEC

ving

ner

n to

3.2

VA
Z, dB(Q) = +20xlog,, [%]

effective transfer impedance

Z1E

maximum absolute value of the sum or difference of the capacitive coupling impedance Zg

and

the transfer impedance Zt at every frequency:
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Zye =max|Z. £ Z| (3)

3.3

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

o] J (4)

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

(
ag =—-10xlog,, LEnv

150Q

ag = 20xlog;g —— (3)
TE

wheile

150 2 is the standardized impedance of the outer circuit.

3.4
coupling attenuation

4c
for p screened balanced device, the sum of the unbalance attenuation @ of the symmetric
pairfand the screening attenuation ag of the screen-of.the device under test

Notel 1 to entry: For electrically long devices, i.e. above’the cut-off frequency, the coupling attenuation 4 is
defirled as the logarithmic ratio of the feeding power @; and the periodic maximum values of the coupled ppwer

Pr'max in the outer circuit.

3.5
coupling length
length of device under test

Notel 1 to entry:  The coupling length-is electrically short, if

C

A o
—2>10x,/¢ o f<—"—F— (6)
I " 10x1x[€,,

or elpectrically long, if

A C
== ‘”Iv"r. +V"ul o f2 . (7)
) T x [ x \/£r1i\/£r2
where
/ is the effective coupling length, in m;
A 0 is the free space wavelength, in m;
€r1 is the resulting relative permittivity of the dielectric of the cable;
Erz is the resulting relative permittivity of the dielectric of the secondary circuit;
f is the frequency, in Hz;

¢o is the velocity of light in free space.


https://iecnorm.com/api/?name=f5855e8910a8b635c62bc127cbed5c6d

-12 - IEC 62153-4-7:2021 © IEC 2021

3.6

device under test

DUT

device consisting of the mated connectors with their attached cables

4 Physical background

See respective clauses of IEC TS 62153-4-1, IEC 62153-4-3, IEC 62153-4-4, IEC 62153-4-9
and Annex C and Annex D.

5 |[Principle of the test methods

5.1 General

IEC|62153-4 (all parts) describes different test procedures to measure screefing
effectiveness on communication cables, connectors and components with,triaxial test set-Up.

Table 1 gives an overview about IEC 62153-4 (all parts) test procédures with triaxial [test
set-up.

Table 1 — IEC 62153, Metallic communication ¢able test methods —
Test procedures with triaxial test set-up

Metallic communication cable test methods — Electromagnetic compatibility (EMC)

IEC|TS 62153-4-1 Introduction to electromagnetic (EMC) screening measurements
IEC 62153-4-3 Surface transfer impedance — Triaxial method
IEC62153-4-4 Test method for measuring ofdhe screening attenuation as up to and above 3 GHz,

triaxial method

IEC[62153-4-7 Test method for measuring the transfer impedance Z; and the screening attenuation ¢  or
coupling attenuationa; of RF-connectors and assemblies up to and above 3 GHz -
Triaxial tube in tube method

IEC62153-4-9 Coupling attenuation of screened balanced cables, triaxial method

IEC[62153-4-10 Transferimpedance and screening attenuation of feed-throughs and electromagnetic
gasketss.="Double coaxial test method

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

IEC[62153-4-16 Extension of the frequency range to higher frequencies for transfer impedance and to|
lower frequencies for screening attenuation measurements using the triaxial set-up

Usdally{ RF connectors have mechanical dimensions in the longitudinal axis in the rangg of

1 GHz or higher for usual RF-connectors.

To measure the screening attenuation instead of transfer impedance also in the lower
frequency range, the tube in tube procedure was designed. The electrically length of the
RF-connector is extended by a RF-tightly closed metallic extension tube (tube in tube).
See Figure 2.
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Measuring Connector

tube under test
Generator /

/
®)

Matching resistor
R1 = Z1

/ Receiver
/ |
| s

Extension Connecting cable Screening cap
tube P

Figure 2 — Principle of the test set-up to measure transfer-impedance
and screening or coupling attenuation of connectors with tube in tube

Thel| tube in tube test set up is based on the triaxial system according to IEC 62153-4-3
IEC|62153-4-4 consisting of the DUT, a solid metallic tube abd(optional) a RF-tight exten
tube. The matched device under test, DUT, which is fed by“a generator, forms the distur
circpit which may also be designated as the inner or ‘the primary circuit. The conneg
cables to the DUT are additionally screened by the tubé.in tube.

The| disturbed circuit, which may also be designated as the outer or the second circui
formped by the outer conductor of the device under test (and the extension tube), connecte
the [connecting cable and a solid metallic tubé&;y having the DUT under test in its axis.

5.2| Transfer impedance

Thel| test determines the screening effectiveness of a shielded cable by applying a v
ined current and voltage to'the screen of the cable, the assembly or the device under

30 MHz for a’t=m sample length and 100 MHz for a 0,3 m sample length, which correspag
to an electrical length less than 1/6 of the wavelength in the sample. A detailed descriptio
found inrClause 9 of IEC TS 62153-4-1:2014 as well as in IEC 62153-4-3.

and
sion
hing
ting

d to

ell-
test
ace
sfer
ce),

b to
nds
nis

5.3

muation

The disturbing or primary circuit is the matched cable, assembly or device under test. The

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

the
test
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The voltage peaks at the far end of the secondary circuit shall 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 of the receiver, provided that it is lower than the characteristic impedance of the
secondary circuit. However, it is an advantage to have a low mismatch, for example, by
selecting of housings of sufficient size. A detailed description can be found in Clause 10 of
IECTS 62153-4-1:2014 as well as in IEC 62153-4-4. Additional Information on the
interpretation of screening attenuation test results at frequencies below the cut-off frequency
can be found in Annex H.

5.4rCa.u.p.I.i.ng_a.L|.anuatinn
Balanced cables, connectors, assemblies or devices which are driven in the differential mode

may radiate a small part of the input power, due to irregularities in the symmetry. |For
unsgreened balanced cables, connectors, assemblies or devices, this radiationis-relatef to
the lunbalance attenuation a,. For screened balanced cables, connectors or.assemblies,|the
unbplance causes a current in the screen which is then coupled by the transfer impedance
and| capacitive coupling impedance into the outer circuit. The radiation s, attenuated by|the
scrgen of the component and is related to the screening attenuation ag,

Corlsequently, the effectiveness against electromagnetic disturbances of shielded balanced
cables, connectors or assemblies is the sum of the unbalance. attenuation a; of the pair jand
the |screening attenuation ag of the screen. Since both quantities usually are given in a
logarithmic ratio, they may simply be added to form the couplirig attenuation ag:

ae = ay +ag (8)

Coypling attenuation a is determined from the'logarithmic ratio of the feeding power P, fand
the [periodic maximum values of the power®; ;. (which may be radiated due to the peaks of
voltage U, in the outer circuit):

j (9)

The] relationship of the“radiated power P, to the measured power P, received on the input
impedance R is:

r,max

a. =—-10xlog,, (Env

1

= 10
2% Zg :

There will be a variation of the voltage U, on the far end, caused by the electromagnetic
coupling through the screen and superposition of the partial waves caused by the surface
transfer impedance Z;, the capacitive coupling impedance Zg (travelling to the far and near
end) and the totally reflected waves from the near end.

To feed the balanced device under test, a differential mode signal is necessary. This can be
achieved with a two-port network analyser (generator and receiver) and a balun or a multiport
network analyser. The procedures to measure coupling attenuation are described in
Clause 10. Annex G gives normative information on accessories for coupling attenuation
measurements.
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Test procedure

General

The measurements shall be carried out at the temperature of (23 £ 3) °C. The test method
determines the transfer impedance or the screening attenuation or the coupling attenuation of
a DUT by measuring in a triaxial test set-up according to IEC 62153-4-3, IEC 62153-4-4 and

IEC

6.2

62153-4-9.

Tube in tube procedure

Us
20

abo

In t
eled
the
med§

By
extq

frea

fre
imp

The]
exte
dist

The

00:1-‘

er frequencies or corner for the transition between electrically short and long eléments of

ally, RF connectors have mechanical dimensions in the longitudinal axis in the rang
m to maximum 50 mm. With the definition of electrically short elements, we get-cutro

ut 1 GHz or higher for usual RF-connectors.

he frequency range up to the cut off frequency, where the device under test (DUT
trically short, the transfer impedance of the DUT can be measured. For frequencies ab
cut-off frequency, where the DUT is electrically long, the screening attenuation can
sured.

extending the electrically length of the RF-connector liy,a RF-tightly closed met
nsion tube (tube in tube), the tested combination becomes electrically long and the cu
uency is moved towards the lower frequency range. In this way, also in the Id
uency range, the screening attenuation may be’,measured and the effective tran
edance of electrical short devices calculated.

e of
if or

) is
ove
be

allic
[-off
wer
sfer

test set up is a triaxial system consisting of\the DUT, a solid metallic tube and a RF-tight

nsion tube. The matched device under test, DUT, which is fed by a generator forms
Lirbing circuit which may also be designated as the inner or the primary circuit.

disturbed circuit, which may alsotbe designated as the outer or the second circui

the

is

’

formed by the outer conductor of the device under test, connected to the extension tube and a

soli

The
med
the

] metallic tube having the DUT under test in its axis.

principle of the test set-up is shown in Figure 2 and Figure 3. The set-up is the samsg
suring the transfer.impedance and the screening- or the coupling attenuation, whej
ength of the innerfand the outer tube may vary.

Connector
interface

Assembly

Measuring tube under test

Matching resistor
R, =Z,

Génerator .
Receiver

for
eas

©
NSNS AN IO LN
R IR RIS

%
XX

&)

Connecting cable

@

Extension tube,
variable length

Screening cap

IEC

Figure 3 — Principle of the test set-up to measure transfer impedance
and screening attenuation of a cable assembly
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The voltage ratio of the voltage at the near end (U,) of the inner circuit (generator) and the
voltage at the far end (U,) of the secondary circuit (receiver) shall be measured (U,/U,). The
near end of the secondary circuit is short-circuited.

Depending on the electrical length of the tested combination, the DUT and the extension tube,
the result may be expressed either by the transfer impedance, the effective transfer
impedance or the screening attenuation (or the coupling attenuation).

For this measurement, a matched receiver is not necessary. The likely voltage peaks at the
far end are not dependent on the input impedance of the receiver, provided that it is lower
thap—the—characteristtcmpedance—of-the—secondary—circuit—However—it—is—amadvantage to
have a low mismatch, for example by selecting a range of tube diameters for various sizes of
DUTs.

6.3| Test equipment
Thel| principle of the test set-up is shown in Figure 2 and Figure 3 and consists‘of:

— fn apparatus of a triple coaxial form with a length sufficient to produce a superimposition
bf waves in narrow frequency bands which enable the envelope eurve to be drawn,

— fubes with variable lengths, e.g. by different parts of the tubes-and/or by a movable tuble in
ube. In case of larger connectors or components, the triaxial tubes may be replaced by a
riaxial cell according to IEC 62153-4-15.

— B RF-tight extension tube (tube in tube), variable in length, which should preferably haye a
Hiameter such that the characteristic impedance to/the outer tube is 50 Q or equal to|the
hominal characteristic wave impedance of the,\network analyser or the generator jand
receiver. The material of the extension tube shall be non-ferromagnetic and well
conductive (copper or brass) and shall have a thickness >1 mm such that the tranjsfer
mpedance is negligible compared to the transfer impedance of the device under test,

— @ signal generator and a receiver with a-calibrated step attenuator and a power amplifier if
hecessary for very high screening-attenuation. The generator and the receiver may be
ncluded in a network analyser,

— f balun for impedance matching of the unbalanced generator output signal to [the
Characteristic wave impedance of balanced cables for measuring the coupling attenuailijon.
Requirements for the balun~are given in IEC 62153-4-9:2018, 6.3. Alternatively, instead of
b balun, a Vector Network analyser (VNA) with mixed mode option and a twisted-pair (TP)
connecting unit maynbé used. The requirements for the TP connecting unit are giveh in
EC 62153-4-9:2018, 6.4.

Opt|onal equipmént is:

— fime domain reflectometer (TDR) with a rise time of less than 200 ps or network analyser
vith maximum frequency up to 5 GHz and time domain capability.

6.4 | \ Calibration procedure

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

When using a vector network analyser with S-parameter test-set, a full two port calibration
shall be established including the connecting cables used to connect the test set-up to the
test equipment. The reference planes for the calibration are the connector interface of the
connecting cables.

When using a (vector) network analyser without S-parameter test-set, i.e. by using a power
splitter, a THRU calibration shall be established including the test leads used to connect the
test set-up to the test equipment.
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When using a separate signal generator and receiver, the composite loss of the test leads
shall be measured and the calibration data shall be saved, so that the results may be

ncy

corrected.
P
a., =10xlog,,| = |=-20xlog,,(S,;) (11)
b
where
P, |is the power fed during calibration procedure;
P, |is the power at the receiver during calibration procedure.
If amplifiers are used, their gain shall be measured over the above-mentioned"freque
range and the data shall be saved.

If am impedance matching adapter is used, the attenuation shall be measured over the abgve-

mer
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“ba
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6.5

The
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wel
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6.6

With the verification test, the residual transfer impedance respectively the noise floor du

the

The
hea
the

poir

tioned frequency range and the data shall be saved. This cah+be achieved e.g
hecting two impedance matching adapters of the same type and-the same manufact
k to back” together and measure:

2xa,, =10xlog,, [%j = 20410, (S,,)

2
her information on impedance matching adapters is given in IEC 62153-4-3, Annex B.

Connection between extension tube@nd device under test

connection between the extensionstube and the attached cables of the device under
| be such that the contact resistance is negligible. A possible connection technique
as a description of the influence of contact resistances is given in Annex D. Anné

Dynamic range respectively noise floor

connection of the-feeding cable to the extension tube shall be determined.

feeding €able is matched with its characteristic impedance and connected to the
d. The.extension tube shall then be connected to the feeding cable (without DUT), u
same ‘connection technique as during the test. The piece of cable between the connecg
ts/shall be as short as possible (see Figure 4).

s information about the direct connection of the extension tube to connectors under test.

by
urer

test
as
X E

4%
—
(o]

test
5ing
tion
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6.7

If u
mea

Measuring tube Short cable piece,
'/ RF-tight
Matching resistor
R1 = Z1
Generator Receiver
/ Screening cap
Extension High screened cable,
tube e.g. semi rigid cable

IEC

Figure 4 — Principle set-up for verification test
voltage ratio U,/U, shall be measured with the NWA.

noise floor a,, of the connection of the extension tube to the-feeding cable is then g
a, =20xlog,, (U +U,)

noise floor shall be at least 10 dB better than\the measured value.

ven by:

Y.

Lo =72 %

Impedance matching

sured by using a TDR with maximum 200 ps rise time or using the method describe

An

ex A. Andmpedance matching adapter to match the impedance of the generator and

hknown, the nominal characteristic impedance of the (quasi-)coaxial system can eithef

ven

12)

residual transfer impedance of the connection of the extension tube to the feeding cable

be
d in
the

impedance of’'the (quasi-)coaxial system is not recommended as it reduces the dynamic range

of the test set-up and may have sufficient matching (return loss) only up to 100 |

(se¢ Anhex B).

HZz

6.8

Influence of adapters

When measuring transfer impedance and screening attenuation or coupling attenuation on
connectors or cable assemblies, test adapters are required if no mating connectors to the
connectors of the DUT are available.

Test adapters and/or mating connectors may limit the sensitivity of the test set up and may
influence the measurement.

The

type and/or the design of the test adapter shall be stated in the test report.

A more detailed description on the design and the influence of test adapters is under
consideration.
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7

71

Sample preparation

Coaxial connector or device

A feeding cable shall be mounted to the connector under test and it's mating part according to
the specification of the manufacturer. One end shall be connected to the test head where the
feeding cable is matched with the nominal characteristic impedance of the device under test.
It may be short circuited, when measuring the transfer impedance with (mismatched)-short-
short without damping resistor according to IEC 62153-4-3.

Th

con
cab

+lo pu | £ 4l i kbl b Ll | et | o 4 H oo
ULNIcCt CIiu Ul uare \JUIIIICL:I.IIIH CAavic  olidil UT pGOOUU LIIIUUUII UIC TALTTIOIUIT tUvuT
hected to the generator. On the side of the device under test, the screen of the fee
e shall be connected to the extension tube with low contact resistance (see)62

and
ling
and

Annex B). On the generator side, the screen of the feeding cable shall not be connectef to

the

7.2

Ab
be
spe

Whén measuring transfer impedance or screening atténuation,

mul
the
incl
end

extension tube.

Balanced or multiconductor device

mounted each to the connector under test and it's mating -part according to
Cification of the manufacturer.

feeding cable, all conductors of all pairs shall’,be’ connected together. All scre

5. All screens shall be connected over thew/whole circumference (see Figure 5

Figyre 5b).

blanced or multiconductor cable which is usually used with the cohnector under test ghall

the

screened balanced| or
iconductor cables are treated as a quasi-coaxial system. Therefore, at the open ends of

ENs,

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

and

Ong end shall then be connected to the test’head where the feeding cable is matched with| the

cha
pro

edure) or with a short circuit (transfer impedance with short/short procedure).

The| other end shall be led through“the extension tube and shall be connected to the fee
por] (VNA or generator) by the-Use of an appropriate adapter.

racteristic impedance (screening attenuation and transfer impedance with short/matghed

ing
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Extension tube Contact slice Screening case
d . |
[ | [ *®
AL AAAAALALLLAAS Short circuit
A A A A A A A A A A A A A
-— | . e
\\ | ”R |
Screen Mated connector
under test IEC

a) Principle preparation of balanced or multiconductor connectors
for transfer impedance (short/short)

Extension tube Contact slice Screening case
J | (A (ra\d |
[ | | L |
AL AA r Load resistor

L ]

Mated connector
under test

Screen
IEC

b) Principle preparation of balanced or multiconductor connectors
for transfer.impedance (short/matched) and screening attenuation

/ Extension tube

A\ S I | /
[ | [ |

Screening case

Contact slice

balanced

unbalanced

load
1

U |
Mated connector

under test

Screen
IEC 605/06

c) Principle preparation of balanced or multiconductor connectors
for coupling attenuation using a balun

NOTE 1 Add terminations for all pairs if the cable is not pair screened. If a pair screen is added, the termination
of all pairs is not mandatory but preferred.
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TP-connecting unit Extension tube Contact slice Screening case
Generator \ '/
‘ [
@ | | e ]
QD—
\_l:'“
: Balanced
Generator N : N load
® | | [
L\ | \ |
\
Screen Mated connector
under test

IEC

d) Principle preparation of balanced or multiconductor connectors
for coupling attenuation using a virtual balun

FE 2 Add terminations for all pairs if the cable is not pair screened. If a pair scréen is added, the termin
pairs is not mandatory but preferred.

Figure 5 — Preparation of balanced or multiconductor connectors

Cable assembly
e cable assembly fits into the tube, it shall be measured according to Figure 3. Lo
e assemblies can be cut, and each side measuréd)separately.

Measurement of transfer impedance

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

matched inner circuit with damping resistor in outer circuit,

nner circuit with load resistor and outer circuit without damping resistor,
mismatched)-short-short without damping resistor.

procedure described herein is in principle the same as in IEC 62153-4-3 with matched in

it without the use of the impedance matching adapter and without the damping resi
t has a higher dynamic range than testing with damping resistor in outer circuit.

htion

ger

ner
stor

load-resistor R4 could be either equal to the impedance of the inner circuit or be equal to

generator impedance. The latter case is of interest when using a network analyser

pow

with

er.splitter instead of S-parameter test set.

NOT

8.2

E Other procedures of 62153-4-3 can be applied accordingly if required.

Principle block diagram of transfer impedance

A block diagram of the test set-up to measure transfer impedance according to test method of
IEC 62153-4-3 with load resistor in inner circuit and without damping resistor in outer circuit is
shown in Figure 6.
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Coupling length L
- Ping eng C Terminating Triaxial cell

resistor R,
Cable sheath I

| Callibrated receiver

021

8.3

Wheén measuring a connector or a component without tube.in tube, the transfer impedanc]

the

The
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con
imp

8.4

The]

The
the
freq

whdg

I or network analyzer
Signal \
generator | |
[ 1
1 U.
A 1 2 Ug
/ I T T T "
Y
Input voltage U, / \
Tube
/
Cable screen IEC

Figure 6 — Test set-up (principle) for transfer impedance measurement
according to test of IEC 62153-4-3 with load resistor injinner circuit
and without damping resistor in outer circuit

Measuring procedure — Influence of connecting cables

connecting cables inside the tube to connect the DUT shall be measured.

transfer impedance of the connecting cables.which connects the DUT shall be measy
brding to IEC 62153-4-3. The measured¢value shall be related to the length of
hecting cables inside the test set-up to, connect the DUT, the result is the tran
pdance of the connecting cables, Z .

Measuring

DUT shall be connected to thegenerator and the outer circuit (tube) to the receiver.

attenuation, a,.,s, shall 'be preferably measured in a logarithmic frequency sweep
whole frequency range, which is specified for the transfer impedance and at the s
uency points as forthe calibration procedure:

ameas = 10 X IOg10 (%j = _20 X Iog10(S21)

2

re

red
the
sfer

ver
me

Py
Py

8.5

is the power fed to inner circuit;

is the power received in the outer circuit.

Evaluation of test results

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

7 Bt 40T,

T 2 con

(16)
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R +7 _(M)
or Z.=—"1-"9x10 2 '-Z (17)
T 2 Tr
when using the tube in tube method.
where
Z1 is the transfer impedance;
Zy is the system impedance (in general 50 Q):
Ambas is the attenuation measured at measuring procedure;
acd is the attenuation of the connection cables if not eliminated by the calibration
procedure of the test equipment;
R, is the terminating resistor in inner circuit (either equal to the impedance of the
inner circuit or the impedance of the generator);
Zsdn is the transfer impedance of connecting cables;
Z7 is the residual transfer impedance, see 6.6.

NOTE Contrary to the measurement of the transfer impedance of cable screens, the transfer impedande of

connlectors or assemblies is not related to length.

8.6| Testreport

The| test report shall record the test results and shall conclude if requirements of the rele

detail specification are met.

Theluse and the design of test adapters (if\any) shall be described.

9 [Screening attenuation

9.1 General

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

9.2| Impedancematching

9.21 General

Measuring-ef’screening attenuation can be achieved with or without impedance matching.

ant

If the\characteristic impedance of the DUT is unknown, the nominal characteristic impeddnce

of the quasi-coaxial system can either be measured by using a TDR with maximum 200 ps

rise time or using the method described in Annex A.

An impedance matching adapter to match the impedance of the generator and the impedance
of the system device under test (see Figure 7) is not recommended as it reduces the dynamic
range of the test set-up and may have sufficient matching (return loss) only up to 100 MHz
when using self-made adapters which are necessary for impedances other than 60 Q or 75 Q

(see Annex B).
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Impedance Tube Connector
n;gécqgrg / under test
P Matching resistor

R, =7,

= / A
\ 9

Receiver

(2

X Screening cap

Iupbe In wbe Connecting cable A

Figure 7 — Measuring the screening attenuation with tube in tube
with impedance matching device

Thel DUT with the connected extension tube shall be installed in thesmeasuring tube.

extq
The]

necpssary) and the output of the measuring tube shall be connected to the receiver.

Thel scattering parameter S,4 shall be measured.

The

nsion tube shall be short circuited to the measuring tube at the ngar end of the genergtor.
feeding cable shall be connected to the generator (via an impedance matching devige if

Only the peak values of the obtained screening attenuation graph are used to determine|the
envglope curve.
9.22 Evaluation of test results with matched conditions
The| screening attenuation ag shall be calculated with the arbitrary determined normalised
valde Zg = 150 Q1.
P P 2x7
ag =10xlagig 1 =10xlogyq 1 RS — Gimd 18)
r,max 2,max
300Q
=Env{—20><log10|S21|+1Ox|og10 —_— —aimd} 19)
1
whegre
ag is the screening attenuation related to the radiating impedance of 150 O, in dB
Qimd is the attenuation of the impedance matching device (if appropriate);
Env is the minimum envelope curve of the measured values, in dB;
VY is the scattering parameter S,; (complex quantity) of the set-up where the
primary side of the two port is the DUT and the secondary side is the tube;
Z, is the characteristic impedance of the cable under test, in Q.

1

Zg is the normalized value of the characteristic impedance of the environment of a typical cable installation. It is

not in relation to the impedance of the outer circuit of the test set-up.
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At frequencies lower than the limit of the electrically long coupling length, the measurement
will be similar to that for surface transfer impedance.

9.2.3 Measuring with mismatch

The DUT shall be connected to port 1 and the test head of the set-up shall be connected to
port 2 of the vector network analyser.

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

The[scattering parameter 5,5, shall be measured.
Only the peak values of the obtained screening attenuation graph are used to detérmine|the
envglope curve.
9.2.4 Evaluation of test results
The| screening attenuation ag which is comparable to the results of the absorbing clamp
method shall be calculated with the arbitrary determined normalised value Zg = 150 Q1.
P P\J 2xZ
ag =10xlog,,| ——|=10xlog,, | =<~ = 20)
Pr,max 2,max R
300Q
_ Env{—ZOxlog10| S, |+10x0g;, | 1-72|+10xlog,, 21)
1
whdre
ag is the screening attenuation related to the radiating impedance of 150 Q, in dB;
Eny is the minimum envelope curve of the measured values, in dB;
Ss is the scattering parameter S,; (complex quantity) of the set-up where the
primary side‘of the two port is the DUT and the secondary side is the tube;
. . . Zo - Zl
r is the\reflection coefficient =|| ——— | ;
Zy+Z,
Zy is'the characteristic impedance of system, in Q (usually 50 Q);
Z, is the characteristic impedance (in complex form) of the device under test, in [2.

9.3 Test report

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

The use and the design of test adapters (if any) shall be described.
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10 Coupling attenuation

10.1 General

Coupling attenuation of balanced transmission devices including differential pairs descri
the overall effect against electromagnetic interference (EMI) considering both the unbala
attenuation of the pair and the screening attenuation of the screen. Subclause 5.4 of
document gives additional information on coupling attenuation. The principles of measu
the coupling attenuation of balanced cables are described in IEC 62153-4-9. Parts of

021

bes
nce
this
ring
the

information given therein as well as the specific information needed for measuring connectors

and cable assemblies is given in the following subclauses

10.2 Procedure for testing connectors

The] coupling attenuation measurements of connectors can be performed with(either a {
porf VNA (or a generator and a receiver) and a balun (see Figure 8) or with,"a multiport
mixed mode) VNA and a TP-connecting unit (see Figure 9) in both cases mith"the use of
tube-in tube procedure.

Thel DUT is connected to the connecting cables at the near end acecording to the instruct
of the manufacturer and terminated at the far end by differential and common m

WoO-
(or
the

ons
ode

terminations according to Figure 5¢c. The sample is then centred in the tube and fed by either

a generator (or port 1 of a 2-port VNA with the balun 4o provide the differential m
(Figure 8) or it is fed by 2 ports building up a differential ‘pair of a multiport VNA with
TP-gonnecting unit (Figure 9).

ode
the

The| quotient of the voltages at the output of theSouter circuit and the input of the cable is
megdsured, either directly by a network analyser ot with a calibrated step attenuator [assuming
thafl the receiver has the same input impedance as the output impedance of the signal

gengrator (R = Z4)] which is inserted as an.altérnative to the triaxial apparatus.

Only the peak values of the maximumzof the voltage ratio or the minimum of the attenua
sha|l be measured and recorded as‘a function of the frequency in order to determine
envelope curve. Attenuation introduced by the inclusion of adapters, instead of d:l
conhection, shall be taken intd-account when calibrating the triaxial apparatus. The vol
ratip measured is not dependent on the diameter of the outer tube of the triaxial test set-u
on the characteristic impedance Z, of the outer system, provided that Z, is larger than
inpyt impedance of the teceiver.

Thel evaluation of the test result is given in 10.4.

Tube DUT Balanced/
'/ / unbalanced load

Generator / >< Receiver
WE T ()

Balun Tube- Screening cap

in-tube IEC

Figure 8 — Coupling attenuation, principle test set-up with 2-port VNA and balun

tion
the
rect
age
b or
the


https://iecnorm.com/api/?name=f5855e8910a8b635c62bc127cbed5c6d

IEC 62153-4-7:2021 © IEC 2021 - 27 -

Generator Tube DUT Balanced

'/ / load

YF— , =

Q-

Generator TP-connecting Tube- Screening cap
unit in-tube Ec

Figure 9 — Coupling attenuation, principle set-up with multiport VNA
and TP-connecting unit

10.3 Procedure for testing cable assemblies

Mogt of the basics of the procedure for testing cable assemblies are comparable to the test of
conhectors which are described in 10.2. The following additional precautions shall be taken.
Thel measurement of cable assemblies can be divided in two different problems depending on
the length of the test objects. If the assembly is shorter than the length of the outer tube,|the
conjplete cable assembly can be tested at once as shown.ia’ Figure 10. The near end of|the
cable assembly is connected to an adapter that contains‘the mating counterpart of the cable
assemblies near end. This adapter provides the test signals (near end or feeding adapter]. At
the |far end, the cable assembly is connected to @\second adapter (far end or matching
adapter) that contains the mating counterpart of the' ¢able assemblies far end connector. [The
far €nd adapter includes the matching resistors of:the differential pairs according to Figure|5c.

Senerator ';Jbe DUT Ballanged
/ oa
@ J Receiver
_\ 3
penerator TP-connecting Tube- Screening cap
unit in-tube

Figure 10 — Coupling attenuation, principle test set-up with multiport VNA and
TP-connecting unit for measuring complete cable assemblies

If the cable assembly which is to be tested is longer than the outer tube, it shall be cut into
two halves which shall be measured separately without the use of the tub-in-tube process.
This situation is depicted in Figure 11. The near end of the measured halve is connected via
the TP-connection unit to the generators (2-ports of the multiport VNA) building the differential
pair. The screen of the halved cable assembly at the near end is connected to the tube by
removing the cable sheath. The far end of the measured cable assembly halve is containing
the connector. It is connected to the far end adapter containing the matching resistors of the
differential signal pairs according to Figure 5c.
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Generator Tube DUT

021

;

= =

\

— }

\

/ / Balanced
@ l load Receiver

Generator TP-connecting Screening cap
unit £c
Figure 11 — Coupling attenuation, principle test set-up with multiport VNA
and TP-connecting unit for measuring halved cable assemblies
10.4 Evaluation of test results when using a balun
Thel attenuation of the balun shall be subtracted from the measuring-results. The cougling
attenuation a¢ shall be calculated with the normalised value Zg = 150.Q:
P P 2x7Z
ac =10xlogyo |— :10><Iog10| (AN s| 22)
r,max |P2,max R |
2xZ7Z
ac =20xlogqg +10xlogyq | S==8 23)
2max 1
ac :am‘min—az +10><|Og10 2XZS 24)
y
whqre
ac is the coupling attenuation related to the normalised radiating impedance| of
150 Q, infdB;
Al min is the(attenuation recorded as minimum envelope curve of the measured valuges,
in dB;
a, is. the additional attenuation of an inserted balun, if not otherwise eliminafed
€.g. by the calibration, in dB;
U, is the input voltage of the primary circuit formed by the cable, in V;
U, is-the-eutput-voltage-ofthe secondarycireditin s
Z, is the (differential mode) characteristic impedance of the cable under test, in Q.

10.5 Evaluation of test results when using a multiport VNA

The voltage ratio Ui/ Usmax Shall be measured with a calibrated multiport VNA (or calibrated
generator and receiver) and corrected with regard to the influence of test leads and
connecting units.

NOTE The voltage ratio Uy/U, . COrresponds to the invers of the mixed mode S-parameters S_,,, and S
respectively according to the conventions shown in Annex F.

ds12’
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The coupling attenuation ac which is comparable to the results of the absorbing clamp method
shall be calculated with the arbitrary determined normalized value Zg = 150 Q:

ac 220><|Og10 & +10X|Og10 XZS (25)
2max diff
where
ac is the coupling attenuation related to the normalised radiating impedance of
50 aB;
Uglss is the differential voltage at the calibrated generator ports;
Uolnax is the output voltage of the secondary circuit, in V;
Zg is the arbitrary determined normalised impedance (150 Q);
me is the (differential mode) characteristic impedance of the cable’under test, in Q.

Thelenvelope curve over the minimum values shall be used as result:

10.¢ Test report

Thel 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 theypower level and the limit of radiating pdwer
shall not be greater than the coupling attenuation of the cable provided for the system.

The| use and the design of test adaptersif any) shall be described.

A tyjpical measurement graph of a Connector is given in Figure 12.

Frequency, F (MHz)

1 10 100 1000 10 000
0 Lo

80 Wik

Connector, tube in tube 1 m/4 cm

IEC

Figure 12 — Typical measurement of a connector of 0,04 m length
with 1 m extension tube
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Annex A

(normative)

Determination of the impedance of the inner circuit

If the impedance Z, of the inner circuit is not known, it may be determined using a TDR with
maximum 200 ps rise time or using the following method with a (vector) network analyser

(VNA).

On end of the nrenared samnle is caonnected to the \/NA which is calihrated for imned nce
g g g - 7 g

megdsurements at the connector interface reference plane. The test frequency shalll be

approximately the frequency for which the length of the sample is 1/8 A, where A is|the
wavelength.
%
ftest ~ (Q‘-1)
8><Lsamplex £r1

whdgre

[test is the test frequency;

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

L sample is the length of sample.

Thel sample is short-circuited at the far end. The impedance Z,,,,; is measured.

The]
megsured.

Z4 i calculated as:

sample is left open at the same pointowhere it was shorted. The impedance Zope

short ><Zopen (AZ)
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Annex B
(informative)

Example of a self-made impedance matching adapter

The graphs in Figure B.1 and Figure B.2 show the attenuation and return loss of a 50 Q to 5 Q
impedance matching adapter. A DUT impedance of 5 Q is typical when measuring multipair
cables with individually screened pairs or when measuring high voltage cables for electrical
vehicles.

The| attenuation and return loss were obtained from an open/short measurement. Ong |can
obtain that the matching adapter only works up to 10 MHz.

A Self made 50/5 Ohm impedance matching adapter open/short measurement
-5
=] 1 =
o
5 MHz
10
15
20
25
30
35
40
45
50 50 Q side 560
55 50 side — alpha dB
— RL
60 ™
0,01 0,1 1 10 100 1000 10 000

IEC

Figure B.1 — Attenuation and return loss of a 50 Q to 5 Q impedance
matching adapter, log scale
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A Self made 50/5 Ohm impedance matching adapter open/short measurement
-5
L0 o
ﬁ MHz
5
10
15
20
25
47,50
3
30 | —
35 50 Q side 56Q
5 Q side — alphadB
— RL
40 ! : -
0 500 1000 1500 2000 2500 3000

* IEC

Figure B.2 — Attenuation and return loss of a 50 Qito 5 Q impedance
matching adapter, lin scalé
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Annex C
(informative)

Measurements of the screening effectiveness
of connectors and cable assemblies

General

to _the increasing use of all kinds of electric or electronic equipment, electromagnetic

ition is on the increase. To reduce this electromagnetic pollution, all components
em, especially the connecting cables (assemblies) shall be screened. It is obviQus
needs standardised measuring procedures to compare the screening effectivenes

diffgrent screen designs. The basic screening parameters are the transfer impedance Z;

the
met
ass
con

emblies. However, for the measurement of the screening ag or coupling‘ac attenuatio
nectors and cable assemblies, an easy and cost effective method does not exist.

The following new method, which fills this gap, is described hereafter. It is based on
recently introduced shielded screening attenuation (long Ariaxial) test method for
megdsurement of the screening or coupling attenuation of cables[7], [8]2.

C.2

Cc.2

For
atte)
(9],

The
prin

Physical basics

1 General coupling equation
the measurement of the coupling, it is, éxpedient to use the concept of operati

[10]. The general coupling transfer function is then defined as:

) Upn V72 [Pan
YNz ey

electromagnetic~influence between the sample under test and the surrounding i

—

nuation with the square root of powerwaves, as in the definition of scattering parame

pf a
that
5 of
and

screening attenuation ag or coupling attenuation ac. Either the triaxial or the)line injegtion
hod can be used to obtain the transfer impedance Z; of cables, connectors and cable

n of

the
the

bnal
ters

5 in

ciple the crosstalk’/between two lines and is caused by capacitive and magnetic coupling.

At the near end; the magnetic and capacitive coupling adds whereas at the far end they

sub
infir
whe
fung
follg

n summing up the infinitesimal couplings along the line is expressed by the sum

ract [10],7[%1]. The coupling along the sample length is obtained by integrating|the
itesimalcoupling distribution along the sample with the correct phase. The phase effect,

ing

tion.S [10]. When the sample attenuation is neglected, then S could be expressed by|the
Wing equation, where B4, are the phase velocities of the primary respectively |the

secondary circuit and / the codpllng length. The indices n and T denofe the near respectively

the

The

far end.

equivalent circuit for two coupled lines is given in Figure C.1.

2 Figures in square brackets refer to the Bibliography.

exp(—j (B, +B,)-1/2) (C.2)
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Pon <— 4/

Zon If‘] \LU2 23, 812, V2 U

lle—ﬂ

Figdre C.2 shows the summing function which is in principle a sin (x)/x function. For

freq

And

\Lw Z1; er1; V1 Usf

0%‘0

IEC

square root of the feeding power
square root of the coupled power, near end

square root of the coupled power, far end

matching resistors, 1 = primary circuit, 2 = secondary circuit, n = nearehnd, f = far end
characteristic impedance, 1 = primary circuit, 2 = secondary circuit
dielectric constant, 1 = primary circuit, 2 = secondary circuit

velocity of propagation, 1 = primary circuit, 2 = secondarj.circuit

Figure C.1 — Equivalent circuit of.coupled transmission lines

uencies, the asymptotic value becomes:

—~

—

nigh
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s A
TERETT VAT N
Ny %)y log (1% /)

Figure C.2 — Summing function §

The| point of intersection between the asymptotic values for low and high frequencies is th¢ so
called cut-off frequency f.. This frequency gives the condition for(glectrical long samples:

foax12

%
i ﬂx‘\/ai\/a

whdre

.1 |is the relative dielectric permittivity of‘the inner system;
€0 |is the relative dielectric permittivity>of the outer system;
[ |is the cable length.

C.2{2 Coupling transfer function
C.2)21 Homogenous screens

The| primary screening quantities of a screen are the surface transfer impedance Z; and|the
cappcitive coupling'impedance Zg or the effective transfer impedance Z;g. For homogengous
scrgens such as\for connectors or cables, they can be assumed to be constant along|the
length. The integration could then be easily solved. The coupling between the sample and|the
surfounding could be expressed by the following coupling transfer function. For matched lines
it is|[9], [10}:

1 [
X—=xS (C.6)

n

T =(Z>7Z )Xx—
?,n ( F T)>< Z1'Zz 2 f

For low frequencies, when S = 1, the coupling transfer function corresponds to the frequency
behaviour of the surface transfer impedance and capacitive coupling impedance. After a rise
with 20 dB per decade, the coupling transfer function shows different cut-off frequencies f.,
for the near and far end. Above these cut-off frequencies, the samples are considered as
electrically long.

The calculated coupling transfer function of a coaxial cable is given in Figure C.3. The
principle set-up of the triaxial test procedure is given in Figure C.4.
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Belpw the cut-off frequencies, the surface transfer impedance Z; is/the measure of

i“/
L]
",i‘
a1/ N I
A
AN 1] T
___.,__‘_‘_‘\\‘\ "‘f",p
10kHz 100 kHz 1MHz 10 MHz 1GHz 10GHz
cn cf
IEC
igure C.3 — Calculated coupling transfer function (I =1m; ¢4 = 2,3;e,0=1; Z = 0)

the

scrgening effectiveness. The value of the transfer impedance Z; increases with the sample

length.

Abgve the cut-off frequencies in the range of wave propagation, respectively in the range

whgre the samples are electrically long, the screening attenuation ag is the parameter for
scrgening effectiveness. The screening attenuation is a léngth-independent quantity.

C.2

Cal

tot
con
not
con

Eacdh part of it has a different_coupling, thus one has to integrate in sections along
sanjple, i.e. one section fer-each component (connector A, transition, cable, transij

con

Thel coupling transfer function for matched lines is then expressed by:

2.2 Cable assembly screens

nector also should be taken into account. Mounting a good connector to a good cable
automatically lead to a good assembly because the connection between the cable and
hector may be worse.

hector B). In a first approach, the velocity in each section could be assumed to be e

the

le assemblies are composed by the cable*itself and a connector at each end. In addition
he coupling of the components itself, the coupling of the transition between cable jand

will
the

the

ion,
ual.

& Z +Z ‘(V1+V2)><§Lu |
L= — B e T x (1= e Vv S 7
Y1 +V2 121 2><\/Z XZ ( ) ( )
L n 7z -7 (v4 VZ)Xili
T; = X _ TR T X e k=1 X(1_e—(V1—V2)XL) (C.8)
Yi—Y., T 2x\Z,xZ,

where

Y1,

, is the complex wave propagation constant of inner, respectively outer circuit;

is the whole coupling length (sum of the segment lengths);

is the length of segment i;

is the number of segments (for cable assemblies, 3);

is the coupling transfer function at the near respectively far end;
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Z4 o is the characteristic impedance of inner, respectively outer circuit;
Z is the capacitive coupling impedance;
Zt  is the surface transfer impedance;

Y is the propagation constant
=(a +jB ), where a is the attenuation constant and 3 is the phase constant.

c.2.2.3 Coupling in the triaxial set-up

The above-mentioned coupling transfer functions are valid if the primary and secondary circuit
are Illdtbhcd. ::UVVUVCI, ;II thc tlid}\;a: bct-up, thc bc&,undaly Dybtclll (Uutcl b;lbu;t |S
misfnatched (see also Clause C.3). At the near end, one has the short circuit between|the
sample screen. At the far end, one has the mismatch between the impedance of/the’ outer
circlit and the receiver input impedance resulting in the reflection coefficient r, ;. In this case,
the resulting coupling transfer function (at the receiver end) is obtained by: :

1+ Ty

T"=(T, -1, xe " )x
f n —2xY,xLg
1+r,, xe

C.3] Triaxial test set-up

C.3/1 General

Thel triaxial test set-up is one of the classical methgds’to measure the transfer impedance jJand
has| been recently extended for the measurement of the screening attenuation of cable
scrgens [7]. The triaxial set-up is described in 4EC 62153-4-3 and IEC 62153-4-4 and congists
of g tube of brass or aluminium with an innef’diameter of about 40 mm. Other diameters may
be ysed depending on the frequency range.to be measured.

Screen Tube Matching resistor

under test R1 = Z1

Benerator / 7 Receivel
Y ‘ 9

{3
Y B o
Screening case

Y
PN VN

EC

|Figure C.4 — Triaxial set-up for the measurement of the screening attenuation ag
and the transfer impedance Z;

For the measurement of the transfer impedance (electrically short coupling length), the tube
length is 0,5 m to 1 m. For the measurement of the screening attenuation (electrically long
coupling length), the measuring tube is extended to a length of 2 m to 3 m (see also the
above theoretical explanation).

In the outer circuit, at the near end, the screen under test is short circuited with the measuring
tube. The electrical waves, which are coupled over the whole cable length from the inner
system into the outer system, propagate in both directions, to the near and to the far end. At
the short circuited end, they are totally reflected, so that at the measuring receiver, the
superposition of near and far end coupling can be measured as the disturbance voltage ratio
U,/U,. The screening attenuation as a power ratio is then related to a standardised
characteristic impedance of the outer system Zg = 150 Q.
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Yy

ag = 20xlog

1 Imax 1

where

Z4

is the characteristic impedance of the sample under test and Zg is 150 Q.

C.3.2 Measurement of cable assemblies

C.321+—General

+10xlog(2>;zsj (C.10)

Wheén measuring cable assemblies in the triaxial test set-up, there is the problem in-that their

leng
of 2

a)

b)

C3

In qcreening attenuation measurements of cable assemblies; it is evident that the resu

hccessible assembly ends;

screened cable inside a closed copper tube. This is the so called\tube in tube method.

or assemblies longer than the measuring tube, it is sufficient to measSure just

or assemblies shorter than the measuring tube, one can extend,the assembly by a v

2.2 Assembly longer than the measuring tube

ths differ widely and are either shorter or longer than the commonly used measuring flube
m or 3 m. However, the investigations of the above-given coupling functions(show that:

oth

ell-

It is

chafacterised by the weakest part. Either the cable or the connector or the transition between

cab

is qufficient to measure the assembly from both~ends (provided that the cable scree

hon
whd
evid

The]

a) [cable screen

ength: 500 cm
DC resistance: 13 m Q/m
magnetic coupling: 0,04 mH/m
capacitive coupling: 0,02 pF/m
b) fonnector screen’ including transition from cable to connector
ength: 5cm
DC resistance: 2m Q/m
magnetic coupling: 0,002 mH
capacitive coupling: Q0 pE/m

ogenous). The worst case of both measurements is then the screening attenuation of|

ence.

simulation parameters are:

c) outer circuit (secondary system)

impedance: 150 Q

dielectric permittivity: 1.1

d) inner circuit (primary system)

impedance: 50 Q

dielectric permittivity: 2,3

e and connector. Thus, for cable assemblies which/are longer than the measuring tubg, it
N is

the

le assembly. The simulated graphs given.in Figure C.5 and Figure C.6 underline that
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Figure C.5 — Simulation of a cable Figure C.6 — Simulation of a cable
assembly (logarithmic scale) assembly (linear scale)

Thel| blue line shows the result of the complete cable assembly, i.e. 500" cm cable and both
conhectors. The red line shows the result for just one part of the assembly, i.e. 195 cm of| the
cable and one connector. In the lower frequency range, where the*samples are electrigally
short, one gets a length dependent result. However, in the higher frequency range, where|the
samples are electrically long, one gets the same minimum ‘value, i.e. the same screening
attehuation of 47 dB.

C.3|12.3 Assembly shorter than the measuring tube

When the assembly is shorter than the measuring“tube, the assembly can be extended ﬂ>y a
well screened connecting cable inside a closed.copper tube. This is the so called tube in fube
method (see also Figure C.7 and Figure C.8),

The| extension tube then acts as a ré&sonator. The same principle is also used for|the
megsurement of connectors. Further détails can be obtained from the following explanation of
the lmeasurement of connectors.

C.3|3 Measurement of connectors

C.3{3.1 General

Usual RF connectofs Jhave mechanical dimensions in the longitudinal axis in the range of
10 mm to 50 mm. With the definition of electrical long elements, we get cut-off frequenciefs of
aboput 3 GHz orshigher for standard RF-connectors. Above that frequency, they are considered
to be electrically long.

The| screening attenuation is by definition only valid in the frequency range above the cut-off
frequency, where the elements are electrically long. Thus, the screening attenuation of af RF
connector 1tself can only be measured at irequencies above 3 GHZ.

However, by extending the RF-connector by a RF-tight closed metallic tube, a cable assembly
which is electrically long is built. Thus, the cut-off frequency, respectively the lower frequency
limit, to measure the screening attenuation is extended towards lower frequencies. If one
connects this extension tube directly to the connector under test, one is measuring the
screening attenuation of the connector (and its mated adapter). If one connects the extension
tube to the connecting cable close to the connector, one measures the screening attenuation
of the combination of the connector (and its mated adapter) and the transition between cable
and connector (see also figures below).

NOTE Although the connector itself stays electrically short, the combination of the connector and the extension
tube shows the behaviour (the screening attenuation) of the connector when connected to a well screened cable,
which has a screening effectiveness better than the one of the connectors (or the transition between cable and
connector). See also the explanation in C.3.3.2.
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Tube  Connector Assembly
; interface under test
/
Generator Receiver

[ 9

cable
Extension
tube

\ Connecting Screening cap

IEC

Figure C.7 — Triaxial set-up with extension tube for short cable assemblies

Connector Mated
under test adapter
Generator \ Receiver

A -
7 -

/ \ Screening cap
Extension  Connecting Measuring
tube cable tube

IEC

Figure C.8 — Triaxial set-up with extension tube for connectors

C.3|3.2 Measurement set-up

For| the measurement of (RF connectors, the triaxial set-up according to IEC 62153

14-3

respectively |EC 62153-4-4 has been extended by a RF-tight closed metallic fube

(seg Figure 8). The extension tube is either connected to the connector under test or to
scrgen of the connecting cable of the connector under test. At the far end, the conne
undgr test is connected to the screening cap of the triaxial test set-up via its mated adapte

the
ctor
r.

Thel measurfement of the screening attenuation itself is the same as the measurement of cable

scregens, according to IEC 62153-4-4.

C.313.3 _— _Measurementresults and simulations

In a first approach, one has measured short cable pieces instead of a connector.

The

advantage is that the results are not influenced by a mating adapter or the transition between

cable and connector. The cable is a coaxial cable with an impedance of 75 Q, foam

PE

dielectric and a single braid screen (not optimised, i.e. under-braided). The simulations have

been done with the equations (C.7), (C.8) and (C.9) where the number of sections is 2.
first section is the connecting cable with the RF-tight extension tube.

The
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Thus, the transfer impedance and capacitive coupling impedance of that section is neglected.
The second section is the cable under test with following parameter:

DC resistance: 8 mQ/m
magnetic coupling: 0,6 mH/m
capacitive coupling: 0,02 pF/m
impedance: 75 Q

dielectric permittivity: 1,35

esults

(Figure C.10, Figure C.12) show a good correspondence. In the lower frequency range,.when

samples are electrically short, one gets the same results. However, in the\ higher

frequency range, one can see the influence of the extension tube. The 10 cm samplg is
elegtrically short over the whole frequency range, as the cut-off frequency is 59 GHz. Thus,

the

coupled power increases with increasing frequency. However, the quasi~cable assembly

conposed of the connector and the extension tube is electrically long above 590 MHz, which
resylts in a constant maximum coupled power. One characteristic of an electrically long ohject
is also that the maximum coupled power is independent of the sample length (see C.2.1). This
is upderlined in Figure C.13 and Figure C.14, where the simulated results of a 4 cm sample in

a i
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20
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m respectively 2 m tube, i.e. with a 96 cm, respectively 196 cm extension tube, [are
shon. The envelope of both curves is identical.
[T [T [ TTTTI0 0 [TTTITI [ T T [ TTTIMI
[— SB 10 cm in 10 cm tube 10 [— SB 10 cmin 10 cm tube
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Figure C.9 — Simulation, Figure C.10 — Measurement,
logarithmic frequency scale logarithmic frequency scale
I I I 0 I \ I
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Figure C.11 — Simulation, Figure C.12 — Measurement,

linear frequency scale linear frequency scale
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Figure C.13 — Simulation, Figure C.14 — simulation,
logarithmic frequency scale linear frequency scate

C.4 Conclusion

Cugtomers and users of RF cables, cable assemblies and connéctors ask more often| for
scrgening effectiveness values in decibels (dB) instead of transfer impedance values in|mQ
respectively mQ/m. The tube in tube method replies to that'need since it offers a simple jand
reliable method to measure the screening attenuation. in dB of connectors and cable
assemblies. That method is an extension of the shielded-screening attenuation (long triaxial)
test|set-up according to IEC 62153-4-4.

The|l comparison of the measured and the calculated curves show good concordance.

The| advantages of the tube in tube methoed for connectors and assemblies are the samg as
for fhe measurement of the screening attenuation of cable screens in the tube:
e simple and easy test set-up;

¢ |nsensitive against electromagnetic disturbances from outside;

e high dynamic range >130.dB;

e good reproducibility:
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Annex D
(informative)

Influence of contact resistances

Contact resistances between the feeding cable and the extension tube or the screening case
in the test head may influence the test result. Contacts shall be prepared carefully with low
resistance or with low impedance. Contacts shall be achieved over the complete
circumference of the screen. Critical contacts are shown in Figure D.1.

The
Fig

Connector
under test

//

Tube Contact R,

Generator

&)

Receiver

@

Screening case

7
\\
Contact R ) \ )
1 Extension Connecting Contact R,

tube cable IEC

Figure D.1 — Contact resistances of the test set-up

re D.2. The test set-up shall be designed such that contact resistances of the exten

equivalent circuit of the complete test 'set-up including the contact resistances is giveln in

sion
the

tube are in series with the input impgdance of the receiver and the contact resistance of|
scrgening case including the matching load of the DUT is in series with the generator.
\__/> Umeas
1
| —
50 Q
R
\ Rextension tube
1
R U;
zZT
50 Q anble
1 1 | —
| SS— | IS— | E—
ZT DUT
Uy Rmatch
IEC
Key
R, R, and R, contact resistances depicted in Figure D.1.
Z able characteristic impedance of the connecting cable (see Figure B.1)
ZouTt transfer impedance of the DUT

Figure D.2 — Equivalent circuit of the test set-up
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In this case, contact resistances of a few mQ in series with the 50 Q input resistance of the
generator or the receiver are negligible.

The test set-up should be designed such that contact resistances are not in series with the
transfer impedance of the DUT. If contact resistances are in series with the transfer
impedance of the DUT, they will influence the result considerably.
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Annex E
(informative)

Direct measurement of screening effectiveness of connectors

Scope

This document describes the measurement of transfer impedance and screening or coupling
attenuation of connectors and cable assemblies with the tube in tube procedure. As shown in

Figdre 2, connectors usually are measured with a short piece of connecting cable.

In @
con
con

E.2

The]
this

Con
and

Figyre E.1; e.g. by a screwing joint of the connectorunder test to the extension tube and

SCre
mar
moy
Any
resd

ifferent cases, it may be required to measure the screening effectiveness direCt on

nectors. Clause E.2 describes the test set-up for direct connector measurement.

Test set-up

test set-up and measurements are in principle the same as_in Clause 8 to Clause 1
document.

the screening cap are directly connected to the)connector under test (CUT),
ening cap. The torque of this screwing joint/shall be specified by the conne

eable shorting plane can be used as an option, see also IEC 62153-4-15:2015, Anne
contact solution providing a 360-degreezcontact with sufficiently low resistance to a
nances can be used for the sliding short.

WVioveable short
Measuring tube (optional) Connector
& under test

Matching resistor

V R1 = Z1
Generator .
Receiver

the

hector or without connecting cable, e.g. to evaluate the EMC of the interface-of*the mated

D of

trary to the set-ups in Clause 8 to Clause 10 of this document, the RF-tight tube in fube

see
the
ctor

ufacturer. In order to vary the test length. and therefore the cut off frequencie$, a

X F.
oid

De=====k ===y

\

Extension tuhe Connecting cable Sceening can
=4 =4 T

Figure E.1 — Principle of the test set-up to measure transfer impedance
and screening attenuation of a connector

IEC

The same applies in principle to the set-up for measuring cable assemblies, see Figure E.2.
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) Connector Assembly Matching resistor
Measuring tube interface under test R, =Z,

N /

Generator .
Receiver

@:N =)

021

|
Extension tube, Connecting Sceening cap
variable length cable

IEQ

Figure E.2 — Principle of the test set-up to measure transfer impedance
and screening attenuation of a cable assembly

If a|multi conductor cable is tested instead of a single-conductor(cable, a combination of i
confuctors (cores) shall be selected such that their impedancé to the screen is closest to
intefnal impedance of the test receiver, see Figure E.3 (€.,g. determined by means ¢
reflgctometer).

IEC

Key
1 gonnection

2 terminating impedance50 Q
3

ihner contact frem"RF connector connected to the shielded tube

Figure E.3 — Example of sample preparing

E.3| < XConstruction details of test set-up

ner
the
bf a

The connection of the RF-tight tube as well as the RF-tight connection of the screening

cap

may influence the test results considerably. Worse mounted connections may lead to

leakages and to poor test results.

Figure E.4 and Figure E.5 give examples of how to connect the tube in tube and the screening

cap to the CUT.
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Key

mating connector

(@]

oupling

1
2
3 BHush (Cu-material)
4

(@)

opper tube

a HF-tight connection (soldered for example)

Figure E.4 — Screening tube with separate nut

IEC
Key
1 nmating connector
2 doupling
3 nut
4 qgopper tube
5 done
a matching edge-raised\.or chamfered

Figure E.5 — Screening fixed with associated nut
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Annex F
(normative)

Mixed mode S-parameters

General

021

To measure parameters like unbalance attenuation, coupling attenuation, etc. of balanced
cables, connectors and components, a differential signal is required. This can, for example,

ana

Alte
hav
mul

The]

be Fenerated by using a balun which converts the unbalanced signal of a 50 Q netv

yser into a balanced signal.

rnatively, a balanced signal may be obtained by using a vector network analyser (V
ng two generators with a phase shift of 180°. Another alternative is to measure wi
i-port VNA (virtual balun).

properties of balanced pairs are determined mathematically from thé measured valug

ork

INA)
h a

s of

each single conductor of the pair against reference ground. The coverable frequency range for

the [determination of the reflection and transmissions characteristi¢s of symmetrical pairs is

long

er limited by the balun but by the VNA and the connection technique.

b NO

F.2| Definition of mixed mode S-parameters
The| transmission characteristics of four poles or iwoe’/ports, such as coaxial cables, may be
desgribed by the scattering parameter or abbreviated “S-parameter”. In matrix notation, |fit is
writfen as illustrated in Figure F.1.
“ b2 b a S, S a
4+ e [1]:(5,)(1}:( 1 12 %
Common b a S S, a
Port 1 two port Port.2 2 2 noTmsAT
S
--bi - where a and b are the normalized power wayes
1 ) e of the input and output ports.

The

Figure F.1 — Common two-port network

definition)of the scattering matrix can be easily extended to arbitrary N gates. For a f

pur-

por{, these-result in the network illustrated in Figure F.2.
nl né
port 1 port 3
< - by a S Sz Sis S| (%
b b
! Common ° b, sd) | 42 Sa Sz Sas Su || %
four port = (S ) —
a, S a, b, as Sz1 Ssp Saz Suz | |
— L
port 2 port 4 b, a, Su Siz Sas Su) \a,
- -
b, b,
IEC

Figure F.2 — Common four port network
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For the measurement of symmetrical two-ports, the physical ports of the multi-port VNA are
combined into logical ports, as illustrated in Figure F.3.

Balanced port Balanced port
VNA VNA
port a O | portc _
Logical DUT VNA Logical
Mt °) ot
Unbalanced Balanced port

VNA
portc
; VNA .
Logical port a DUT VNA Logical
port d
IEC

Figure F.3 — Physical and logical ports-ofa VNA

Thel nomenclature in Figure F.4 is used.

SxyAB

L Number of the\WNA-port with stimulus
Number of the,VNA-port with response
—— Modus of the VNA-port with stimulus

Modus of.the VNA-port with response ec

s: 8ingle ended (unbalanced, coaxial)

Modus \d: Differential mode (balanced)

c: Common mode

Figure F.4 — Nomenclature of mixed mode S-parameters

Accprdingly, thesS-parameters can be understood as ratios of power waves.

_input signal at VNA-port A at modus x
%~ input signal at VNA-port B at modus y

The conversion of the asymmetrical four-port scattering parameters S$std to mixed mode
scattering parameters S™™M for a symmetrical two-port network is given by:

Smm — M 'SStd .Mf'l
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where

110 0 Saaz1 Saarz Saot1

_ 1 00 1 -1 (C2) | gmm _ :de21 de22: :Sd021
V2 ; ; (1) (1) Seatr Seatz Seett
__Scd21 Scd22_ _Scc21

For
port

The
moq
of t
stim
end

For

the measurement of a two-port with an unbalanced port (single ended) and a{balan
, the following measurement configurations arise (see Figure F.5):
Stimulus
Single Differential Common
ended mode mode
Logical Logical Logical
port 1 port 2 port 2
Single Logical
endged pogrt 1 Sss11 Ssd12 Ssc12
2
= H ; .
8. Differential Loglcal Sd 21 de22 Sd 22
8 mode port 2 s. [
© -
Common Logical S S Ry
mode port 2 cs2d cd22 cc22

IEC

Figure F.5 — Measurement configuration, single ended response

measurement of the coupling attenuation corresponds to a stimulus in the differe

ced

ntial

e and to a response in,the unbalanced (coaxial) mode (single ended), i.e. a measurement

ne S-parameter Sg441o. The measurement of the screening attenuation corresponds
ulus in common mode and to a response in the unbalanced (coaxial) mode (si

ed), i.e. a measurement of the S-parameter Sy 4,.

the measurement of a four-port, the following test configurations are obtained

Figdre F.6):

0 a
hgle

See
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Stimulus
I
Differential mode [ Common mode
1
Logical Logical Logical Logical
port 1 port 2 port 1 port 2
Logical
N N N N
Differential port 1 dat dd12 dett dc12
o mode Logical
g port 2 Szt Sadz2 Stz Sac2z
=3
2 Logical
o) N N S S
x Common port 1 cd11 cd12 et cct2
mode :
Logical
port 2 Scd21 Scd22 Scc21 Scc22

IEC

Figure F.6 — Measurement configuration, differential mode response

Thel measurement of the attenuation of a balanced pair corresponds to a stimulus and a
response in differential mode, i.e. a measurement of the") S-parameter Sy4o4. [The
megsurement of the unbalance attenuation with stimulus in differential mode and comimon
mode response corresponds at the near end with the Srparameter S 411 Or Scqoq When
megsured at the far end.

F.3] Reference impedance of a VNA

Wheén measuring with 4 port VNA with mixed gqnode parameters, a full 4-port calibration, le.g.
with electronic calibration units, shall be applied. The VNA (Z, = 50 Q physical analyser pgrts)
setq the default values reference impedances for the differential mode Zyy = 100 Q (= 2 x| Z;)
and|for the common mode Z,, = 25 Q (=£(/2).
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Annex G
(normative)

Accessories for measuring coupling attenuation

TP connecting unit

A balanced signal may be obtained with a vector network analyzer (VNA) having two
generators with a phase shift of 180° or with a multi-port VNA using mixed mode S-

parameters (balunless or virtual balun, respectively). To connect the unbalanced ports 0
VNA with the balanced device under test (DUT), a TP-connection unit, also with high

per
Tab

ormance, is required. The TP connecting unit performance requirements are speeifie
le G.1.

Table G.1 — TP-connecting unit performance characteristics
(100 kHz to 2 GHz)

the
RF
d in

Parameter Value
Characteristic impedance, primary side (single ended)? 50 Q
Characteristic impedance, secondary side (differential)? 1 x 100 Q (differential)
Refurn loss, differential mode® > 20 dB
Atténuation, differential mode® <0,3.dB
Unbalance attenuation (TCTL)¢ >)60 dB-10xlog (f), 40 dB max.

Two ports with single ended impedances of 50 Q_geherates a common mode impedance of 25 Q an
differential mode impedance of 100 Q.

To be measured e.g. with a 4 port mixed mode network analyser. One logical port is generated by
combination of two single ended ports. A second logical port is generated by the combination of two ot
single ended ports. The S-parameter S, (then represents the negative return loss of the differential mod

With the test set-up according to b the~absolute dB value of the S-parameter, S4q11 then represents the ret
loss of the differential mode.

the
her

urn

With the test set-up according\td ° the S-parameter, S.q21 represents the negative unbalance attenuafion
(TCTL).
G.2 Termination of the DUT
A d|fferential mode termination is required for each pair at the near and far end of the cable
as ghowntin"Figure G.1.
Z
Rom = % (11)

The

termination of the common mode (Rpy//Rpp) is 25 Q.

NOTE Since modern mixed mode VNAs use a 50 Q generator and receiver impedance as default value, the
common mode value results in 25 Q.


https://iecnorm.com/api/?name=f5855e8910a8b635c62bc127cbed5c6d

IEC

62153-4-7:2021 © |IEC 2021 - 53 -

TP-connecting unit ~ Device under test, DUT

Port 1
Port 2
4-port

network
analyser

G.3

G.3

Wheén measuring transfer impedance and scre€ening- or coupling attenuation on connector

cab

adapters may limit the sensitivity of the test set-up and possibly falsify the test res

Qus
the

realjzing differential adapters and suppling the adapters with test signals.

G.3

The
rea
met
coa
the
locq
test

Screen
IEC

Figure G.1 — Termination of the device under test, principle

Test adapter

1 General

e assemblies, test adapters are required to connect the DUT with the test set-up. ]

lification tests of test adapters shall be performed to establish the noise floor, respecti
sensitivity of the entire test.system. We can divide between two basic concepts W

2 Direct feeding with coaxial cables

first concept is—called the direct feeding concept. It applies coaxial feeding ca
hing right to the,adapter (Figure G.2). It is recommended to use connectors showing
Fology conngttor compatible interfaces. The advantage is then that the performance of]

calibrated "generator or the VNA. The generator/VNA calibration plane could be €
ted atithe end of the coaxial feeder cables by including them into the calibrated part of
porteables.

5 or
[est
ilts.
vely
hen

Dles

up
the

ial feeding-cables can be very well verified and can be directly connected to the ports of

ven
the
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Test adapter

] Balanced/
Tube in tube / unbalanced load

Receiver

®
@]

\
R‘ [\
= (7)

— / \

DUT  Screening cap

Coaxial feeding cables

Generator

G.3|3 Balanced feeding cable

The]
avall

intefface could be reworked and finished with a suitable housing to build up the test adag

The

the felectrical performance.

Figure G.2 — Balunless measurement of coupling attenuation
of a balanced connector, direct feeding, principle

second concept applies to balanced feeding cables (FigurenG.3). Therefore, ma
able differential cable assemblies which are showing up- the compatible conne

dis-advantage of the balanced feeding cable concept iS the more difficult verificatio

IEC

rket
ctor
ter.
n of

Ggnerator
Tube in tube Test-adapter Test-adapter Balanced/
/\/ unbalanced load )
N \ Receive
N " — — f
—— < \ I O
") F— \ \
TP — Connecting DUT Screening cap
Ggnerator unit IEC
Figure/G.3 — Balunless measurement of coupling attenuation of
a cable assembly using balanced feeding cable, principle
G.3]4 Movable short circuit

Addpters including a higher number of balanced pairs may require bigger housing volumes.
Thel relation of the diameter of the outer tube and the diameter of the adapter housing defines
:I I i I : f it If thi lation is bel > 3| an

the li

additional point of reflections is generated affecting additional measurement uncertainties.
One way to overcome these additional uncertainties is to implement the near end shortage
plane directly into the adapter as shown in Figure G.4. The quality of the hereby realised
contact resistance shall be verified.
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Movable short
circuit
Generator

Tube in tube Test-adapter  Test-adapter Balanced/

@ / unbalanced load _
Receive

===

\ \

TP — connecting DUT Screening cap

b
THT IEC

IIJI
|

Geperator

Figure G.4 — Balunless measurement of coupling attenuation of a cable-assembly
using adapters with implemented short circuit, principle
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Annex H
(informative)

Low frequency screening attenuation

Screening attenuation for cables and cable assemblies is based on system requirements and
regulations, often defined for frequencies above 30 MHz. To measure the screening
attenuation, an electrically long DUT is required. For common CATV cables, this would
require a test length of 20 m. However, for practical reasons the test length is in the range of
2 m_to 3 m which would correspond to a minimum frequency of 300 MHz from which on
scrgening attenuation could be measured. However, it is common practice to interpret|the
megasured results between 30 MHz and 300 MHz as screening attenuation. The, drror
intrgduced by this interpretation is neglectable provided the test length is at least 2 m.~In dase
of doubt, the test length shall be increased.

Figyre H.1 shows an example for a test result of a cable assembly whem\the test length is
2m|{ In the diagram, the given cut-off frequency Fg(sd) is calculated according to
IEC|62153-4-4:2015 which is located approximately at 300 MHz. The given limit lines are Valid
for the screening classes A and A+ according to the European Standard EN 50117-9-2:2(019.
The| requirements for the low frequency screening attenuation from, 30 MHz to 300 MHz |can
be ¢learly met.

Frequency, f/MHz
500 1000 1500 2 000 2500 3000

-50 : -
Fg(sd)(62153-4-4:2015)" : ! !

: ) N S R R QN TR A

B Ol A S R PO A0 A R

150 i ' } ] !

IEC

Figure H.1 — Example for a screening attenuation test result of
a cable assembly with a test length of 2 meters
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AVANT-PROPOS

de I'ensemble des comités électrotechniques nationaux (Comités nationaux de/’IEC). L'IEC a pour objd

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de‘normalisation comppsée

t de

favoriser la coopération internationale pour toutes les questions de normalisation dans les domainep de
I¥lectricité et de I'électronique. A cet effet, '|[EC — entre autres activités — publie des Normes internationples,

des Spécifications techniques, des Rapports techniques, des Spécificationsvaccessibles au public (PAS) e
Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration, éstyconfiée a des comités d’études
tfavaux desquels tout Comité national intéressé par le sujet traite” peut participer. Les organisa
ihternationales, gouvernementales et non gouvernementales, en liagisen avec I'l[EC, participent égalemen
tfavaux. L’'IEC collabore étroitement avec I’Organisation Internationale de Normalisation (ISO), selon
gonditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'|EC concernant les guéestions techniques représentent, dans la mesu
dossible, un accord international sur les sujets étudiés, étantldonné que les Comités nationaux de I'lEC intére
sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr,
gomme telles par les Comités nationaux de I'lEC+“Fous les efforts raisonnables sont entrepris afin que
slassure de I'exactitude du contenu technique de.ses publications; I'l[EC ne peut pas étre tenue responsab
I’léventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d’encourager I'uniformité internationale, les Comités nationaux de I'lEC s’engagent, dans tou

esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natio
gt régionales. Toutes divergences éntre toutes Publications de I'IEC et toutes publications nationale
regionales correspondantes doivent-étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fpurnissent des services d’éwvaluation de conformité et, dans certains secteurs, accédent aux marque
gonformité de I'lEC. L’IE@ n’est responsable d’aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatg
compris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de |
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qud
ature que.ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
découtant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
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référencées est obligatoire pour une application correcte de la présente publication.

ications

L’attention est attirée sur le fait que certains des éléments du présent document de I'l[EC peuvent faire 'objet de
droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de propriété

et averti de leur existence.

L'IEC 62153-4-7 a été établie par le comité d’études 46 de I'l|EC: Cables, fils, guides d’ondes,
connecteurs, composants passifs pour micro-onde et accessoires. Il s’agit d’'une Norme
internationale.

Cette troisiéme édition annule et remplace la deuxiéme édition parue en 2015, et son
Amendement 1:2018. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente:
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Le document a été révisé et mis a jour. Il inclut désormais I'lEC 62153-4-7:2015/COR1:2016 et
I'lEC 62153-4-7:2015/AMD1:2018. En outre, les modifications relatives a la révision de
I'lEC 62153-4-9:2018 sont incluses.

Les mesures de I'affaiblissement de couplage peuvent désormais étre effectuées a I'aide d’un
analyseur de réseau avec option de mode mixte (symétriseur virtuel). Les nouvelles annexes
suivantes ont été ajoutées:

— P'Annexe E contient des informations relatives au mesurage direct de I'efficacité d’écrantage
des connecteurs;

]

— ['Annexe G contient des informations normatives concernant les accessoires permettanft de
mesurer I'affaiblissement de couplage;

— ['Annexe H traite de I'affaiblissement d’écrantage a basse fréquence.

Le texte de la présente Norme internationale est issu des documents suivants:

FDIS Rapport de vote
46/812/FDIS 46/820/RVD

Le fapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
aboputi a son approbation.

La Iangue employée pour I'élaboration de cette Norme.internationale est I'anglais.

Le présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé
selgn les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles
soup www.iec.ch/members_experts/refdocs~Fes principaux types de documents dévelopgpés
par|'IEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

Ung liste de toutes les parties de la“serie IEC 62153, publiées sous le titre général Méthddes
d’e4sai des cables métalliques et'autres composants passifs, peut étre consultée sur le |site
wel de 'lEC.

Le ¢omité a décidé que le contenu du présent document ne sera pas modifié avant la dat¢ de
stabhilité indiquée sur le.site web de I'l|EC sous webstore.iec.ch dans les données relatives au
document recherché( A cette date, le document sera
e feconduit,

e Bupprimg,

e [emplace par une édition révisée, ou

e Amendé.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu’elle contient des couleurs qui sont considérées comme utiles a une
bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer
cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Le montage d'essai de [I'affaiblissement d’écrantage blindé selon I'I[EC 62153-4-3 et
I'IEC 62153-4-4 a été étendu pour prendre en compte les particularités des éléments
électriquement courts, comme les connecteurs et les cordons. En raison du tube concentrique
externe du montage triaxial, les mesures sont indépendantes des irrégularités de la
circonférence et des champs électromagnétiques externes.

Avec un tube résonnant supplémentaire (le tube interne des tubes concentriques), un systéme
est créé, dans lequel I'efficacité d’écrantage d’un dispositif électriquement court est mesurée

la grande longueur électrique (affaiblissement d’écrantage, ag) peut étre obtenue.

Ung plage de fréquences large et dynamique peut étre appliquée pour soumettre-a essai m¢me
des|cordons et des connecteurs fortement écrantés avec des instruments nOrmaux, depuiqg les
baspes fréquences jusqu’a la limite des ondes transversales définies dans/le circuit exterge a
env|ron 4 GHz.
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METHODES D’ESSAI DES CABLES METALLIQUES
ET AUTRES COMPOSANTS PASSIFS -

Partie 4-7: Compatibilité électromagnétique (CEM) —
Méthode d’essai pour mesurer I'impédance de transfert, Z;,et

I’affaiblissement d’écrantage, ag, ou I’affaiblissement de couplage, «ac,

des connecteurs et des cordons — Méthode triaxiale en tubes
concentriques

Domaine d’application

La présente partie de I'l|EC 62153 traite de la méthode triaxiale en tubes concentriques. Cette

mét
I’ aff
acc
pou
cou
et

I"aff]
néc

2

Les
de

I’'éd
réfé

IEC
Ele
meg§

IEC
Con
seu

IEC
com
abo

hode triaxiale convient pour déterminer l'impédance surfacique\yde transfert g

je cordons multiconducteurs. Pour le mesurage de (impédance de transfert et
hiblissement d’écrantage ou l'affaiblissement de couplage, un seul montage d’essai
bssaire.

Références normatives

eur contenu, des exigences du présent document. Pour les références datées, s¢
tion citée s’applique. Pour les références non datées, la derniére édition du documen

rence s’applique (y compris les éventuels amendements).
TS 62153-4-1:2014, Metallicc communication cable test methods - Part
btromagnetic  compatibility’ (EMC) — Introduction to electromagnetic scree

surements (disponible ‘en anglais seulement)

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

62153~4-4, Metallic communication cable test methods — Part 4-4: Electromagn
patibility (EMC) — Test method for measuring of the screening attenuation as up to
vel3,GHz, triaxial method (disponible en anglais seulement)

/ou

piblissement d’écrantage et l'affaiblissement de couplage de conhecteurs écrantés et
buplés (y compris la connexion entre le cable et le connecteur) et de-cordons. Cette méthjode
rrait également étre étendue pour déterminer I'impédance deransfert, I'affaiblissement de
blage ou I'affaiblissement d’écrantage de connecteurs symétriques ou a plusieurs broghes

de
est

documents suivants sont cités dans le texXie de sorte qu’ils constituent, pour tout ou partie

bule
I de

d-1:
ning

etic
lais

etic
and

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

IEC 62153-4-9:2018, Meéthodes d’essais des céables métalliques de communication —
Partie 4-9: Compatibilité électromagnétique (CEM) — Affaiblissement de couplage des céables
symétriques écrantés, méthode triaxiale

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
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IEC 62153-4-15:2015, Metallic communication cable test methods — Part 4-15: Electromagnetic
compatibility (EMC) — Test method for measuring transfer impedance and screening attenuation
— or coupling attenuation with triaxial cell (disponible en anglais seulement)

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)

EN 50117-9-2:2019, Coaxial cables — Part 9-2: Sectional specification for coaxial cables for

anawmmm—mm—mmmmﬂ—
3 000 MHz (disponible en anglais seulement)

3

Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

L'IS

O et 'lEC tiennent a jour des bases de données terminologiques destinées a étre utilig

en nmormalisation, consultables aux adresses suivantes:

3.1

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

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

impédance surfacique de transfert

Zt
pou
circ

Note|

Note
rapp

Note|

I un écran électriquement court, quotient deyla tension longitudinale, Uy, induite dan
Lit interne par le courant, /,, délivré au citouit externe ou vice versa

1 a l'article: L’impédance surfacique de transfert est exprimée en ohms.
2 a l'article: L'impedance, Z;, d'un écran électriquement court est exprimée en ohms [Q] ou en décibel
brt a 1 Q.
3 a l'article: Voir Figure 1.
2 2

1< 710
U1

IEC
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édance de transfert effective

valeur absolue maximale de la somme ou de la différence de I'impédance de couplage capacitif,
Zg, et de I'impédance de transfert, Z;, a chaque fréquence

3.3

Zre =Max|Zy + Z,|

affgiblissement d’écrantage

as
pou

de |

Notel

ou
150

3.4
affa

ac
pou
pair

Notel

I les dispositifs électriquement longs, c’est-a-dire au-dela de la fréquence dercoupure

rap;Lort logarithmique de la puissance d’alimentation, P,, et des valeurs maximales périodiq

puissance couplée, P, .., dans le circuit externe

r,max

P
ag =—10xlog,, | Env 5
)

1 a l'article: L’affaiblissement d’écrantage d’un dispositif électriguement court est défini par:

150Q
ag = 20xlog,y =~

TE
[0 est 'impédance normalisée du circuit externe.

iblissement de couplage

e symétrique et de I'affaiblissement d’écrantage, ag, de I'écran du dispositif soumis a e

1 a larticle: Pour les\dispositifs électriquement longs, c’est-a-dire au-dela de la fréquence de cou

I'affdiblissement de couplage, ag, est défini comme le rapport logarithmique de la puissance d’alimentation, 7

des

3.5
lon
long

aleurs maximalges\periodiques de la puissance couplée, P, ., dans le circuit externe.

gueur_de-couplage
ueur du dispositif soumis a essai

I un dispositif symétrique ecranté, somme de I'affaiblissement de dissymeétrie, ay, de
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Note

I'a Tdrtclie. La longueur ade couplage est electriquement courte sl
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est la longueur de couplage effective, en m;

est la longueur d’onde de I'espace libre, en m;

est la permittivité relative résultante du diélectrique du cable;

est la permittivité relative résultante du diélectrique du circuit secondaire;

est la fréquence en Hz;

est la vitesse de la lumiere dans I’espace libre.

positif soumis a essai

disgositif constitué de connecteurs accouplés avec leurs cables attachés

Notel 1 a I'article: L’abréviation "DUT" est dérivée du terme anglais développé correspandant "Device Under Tlest"

4

Voil

Contexte physique

de I[IEC 62153-4-9, ainsi que I’Annexe C et '’Annexe D.

5

5.1

Principe de la méthode d’essai

Généralités

L'IE[C 62153-4 (toutes les parties) décrit différentes procédures d’essai permettant de mes
I’effjcacité de I'écrantage sur les cables:de communication, les connecteurs et les compos
au moyen du montage d’essai triaxial\

Le

les articles correspondants de 'l[EC TS 62153-4-1, de I'|EC. 62153-4-3, de I'|[EC 62153-4-4,

urer
ants

Tableau 1 donne une vue d‘énsemble des procédures d’essai de 'l|EC 62153-4 (touted les
parfies) réalisées avec le montage d’essai triaxial.
Tableau 1 >~ 1EC 62153, Méthodes d’essai des cables métalliques
de communication — Procédures d’essai avec montage d’essai triaxial
Méthodes d’essai des cables métalliques de communication —
Compatibilité électromagnétique (CEM)
IEC|TS 62158441 Introduction to electromagnetic (EMC) screening measurements
IEC62453-4-3 Surface transfer impedance — Triaxial method
IEC62153-4-4 Test method for measuring of the screening attenuation as up to and above 3 GHz
triaxial method
IEC 62153-4-7 Méthode d’essai pour mesurer I'impédance de transfert, Z, et I'affaiblissement
d’écrantage, a, ou I'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 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 to
lower frequencies for screening attenuation measurements using the triaxial set-up
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En regle générale, les dimensions mécaniques des connecteurs RF dans I'axe longitudinal sont
comprises entre 20 mm et 50 mm au maximum. La définition des éléments électriquement
courts donne des fréquences de coupure ou de cassure pour la transition entre éléments
électriquement courts et électriquement longs d’environ 1 GHz ou plus pour des connecteurs
RF usuels.

Pour mesurer I'affaiblissement d’écrantage plutdét que I'impédance de transfert, également dans
la plage des basses fréquences, la procédure en tubes concentriques a été congue. La longueur
électrique du connecteur RF est prolongée par un tube d’extension métallique ne laissant pas
passer les radiofréquences (tubes concentriques). Voir Figure 2.

Tube de Connecteur
mesurage soumis & essai
Generateur / Résistance d’adaptation
R1 = Z1

/ Récepteur
|
l
l

N

-/

H— ()

s
N\

\ \
Tube Cable de Capot d'écran
d’extension connexion Ec

Figure 2 — Principe du montage d’essai pour mesurer I'impédance
de transfert et I’affaiblissement d’écrantage ou I’affaiblissement de couplage
de connecteurs:én tubes concentriques

Le montage d’essai en tubes concentriques repose sur le systéme triaxial de I'lEC 62153{4-3
et de I'lEC 62153-4-4, comprenant le dispositif soumis a essai (DUT), un tube métallique mgssif
et (¢n option) un tube d’extension‘ae laissant pas passer les radiofréquences. Le DUT adapté,
qui pst alimenté par un générateur, forme le circuit perturbant, qui peut également étre appelé
circpit primaire ou interne. kes'cables de connexion du DUT sont de plus protégés par les tubes
confentriques.

Le gircuit perturbé, qui'peut également étre appelé circuit secondaire ou externe, est formé|par
le cpnducteur externe du dispositif soumis a essai (et du tube d’extension), relié au cabl¢ de
conhexion et ayun tube métallique massif dans 'axe duquel se trouve le DUT.

5.2| Impédance de transfert

L’egsaivdétermine I'efficacité d’écrantage d’un céble blindé en appliquant un courant et [une
tension bien définis a I'’écran du cable, du cordon ou du dispositif soumis a essai, et en mesurant
la tension induite dans le circuit secondaire afin de déterminer 'impédance surfacique de
transfert. Cet essai mesure uniquement la composante magnétique de 'impédance de transfert.
Pour mesurer la composante électrostatique (I'impédance de couplage capacitif), il convient
d’utiliser la méthode décrite dans I'l[EC 62153-4-8.

La méthode triaxiale de mesurage est en général appropriée dans la plage de fréquences allant
jusqu’a 30 MHz pour un échantillon de 1 m de longueur et jusqu’a 100 MHz pour un échantillon
de 0,3 m de longueur, ce qui correspond a une longueur électrique inférieure a 1/6 de la
longueur d’onde dans I'’échantillon. Une description détaillée est présentée a I'Article 9 de
'IEC TS 62153-4-1:2014, ainsi que dans I'l[EC 62153-4-3.
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5.3 Affaiblissement d’écrantage

Le circuit perturbant ou primaire est le cable, cordon ou dispositif soumis a essai adapté. Le
circuit perturbé ou secondaire comprend le conducteur externe (ou la couche la plus extérieure
dans le cas de cables ou de dispositifs a plusieurs écrans) du cable, du cordon ou du dispositif
soumis a essai, et un boftier métallique massif dans I’axe duquel se trouve le dispositif soumis
a essai (voir Figure 3).

Les crétes de tension a I'extrémité éloignée du circuit secondaire doivent étre mesurées.
L’extrémité proche du cwcwt secondalre est placée en court circuit. Pour ce mesurage un

préférable d’avoir un faible défaut d’adaptation, par exemple en choisissant des bdftierg de
taille suffisante. Une description détaillée peut étre consultée a [I'Article 10 | de
'EC TS 62153-4-1:2014, ainsi que dans I'l[EC 62153-4-4. Des informations supplémentdires
congernant [linterprétation des résultats d’essai de [I'affaiblissement,d’é&crantage [aux
fréquences inférieures a la fréquence de coupure figurent a I’Annexe H.

5.4| Affaiblissement de couplage

Les| cables, connecteurs, cordons ou dispositifs symétriques. qui’ sont alimentés en mjode
differentiel peuvent rayonner une faible partie de la puissance d’entrée, du fait des irrégulafités
dans la symétrie. Pour les cables, connecteurs, cordons®ou dispositifs symétriques |non
ecrantés, ce rayonnement est lié a l'affaiblissement de,dissymétrie, a,. Pour les calles,

conhecteurs ou cordons symétriques écrantés, la dissymétrie produit un courant dans I'écfan,
qui st ensuite couplé par I'impédance de transfert-etA'impédance de couplage capacitif dans
le ¢ircuit externe. Le rayonnement est atténué “par I'écran du composant et est lig a
I'affpiblissement d’écrantage, ag.

Par| conséquent, [I'efficacité contre les™ perturbations électromagnétiques des cables,
conhecteurs ou cordons symétriques blindés est la somme de I'affaiblissement de dissymélrie,
ay, |[de la paire et de I'affaiblissement d’écrantage, ag. Les deux grandeurs étant en géngral

données sous la forme d’un rappeftlogarithmique, elles peuvent étre simplement additionnées
afin|d’obtenir I'affaiblissement de-couplage ac:

a. = a, +ag (8)

L’affaiblissementide couplage, ac, est déterminé par le rapport logarithmique de la puissgnce
d’allmentationy 7, et des valeurs maximales périodiques de la puissance, P 5, (qui peuyent
étre rayonnées du fait des crétes de tension, U,, dans le circuit externe):

P
ac = —10x|og10LEnv “;ax J (9)
1

La relation entre la puissance rayonnée, P,, et la puissance mesurée, P,, recue sur I'impédance
d’entrée, R, est:

ﬁ: P = R (10)
P2 Pmax 2><ZS
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I y a une variation de la tension, U,, sur I'extrémité éloignée, due au couplage

électromagnétique a travers I'écran et a la superposition des ondes partielles dues a
I'impédance surfacique de transfert, Z;, a I'impédance de couplage capacitif, Zg (allant vers

I'extrémité éloignée et I'extrémité proche) et aux ondes totalement réfléchies provenant de
I’extrémité proche.

Pour alimenter le dispositif soumis a essai symétrique, un signal en mode différentiel est
nécessaire. Pour ce faire, un analyseur de réseau a deux ports (générateur et récepteur) et un
symétriseur ou un analyseur de réseau a plusieurs ports peuvent étre utilisés. Les procédures
permettant de mesurer I'affaiblissement de couplage sont décrites a I'Article 10. L’Annexe G
donpe des nformations normatives concernant €S acCessoires permettant de mesurer
I’affpiblissement de couplage.

6 |Procédure d’essai

6.1 Généralités

Les| mesurages doivent étre réalisés a une température de (23 + 3).°C. La méthode d’epsai
détermine lI'impédance de transfert, I'affaiblissement d'écrantagé. ou [I'affaiblissement| de
couplage d’'un DUT en les mesurant dans un montage d’essai triaxial selon I'l[EC 62153-¢4-3,
'EC 62153-4-4 et '|EC 62153-4-9.

6.2| Procédure en tubes concentriques

En égle générale, les dimensions mécaniques des connecteurs RF dans I’axe longitudinal $ont
conprises entre 20 mm et 50 mm au maximum. {/avdéfinition des éléments électriquement
coufts donne des fréquences de coupure ou des fréquences de cassure pour la transition eptre
éléments électriquement courts et électriquement longs d’environ 1 GHz ou plus pour |des
conhecteurs RF usuels.

Dans la plage de fréquences allant jusqu’a la fréquence de coupure, auxquelles le DUT| est
élegtriquement court, I'impédance de-transfert du DUT peut étre mesurée. Pour les fréquerces
supgrieures a la fréquence de(coupure, auxquelles le DUT est électriquement long,
I'affpiblissement d’écrantage peut étre mesuré.

Si Ia longueur électrique.du’connecteur RF est augmentée au moyen d’un tube d’extension
métpllique ne laissant.pas passer les radiofréquences (tubes concentriques), la combinaison
soumise a essai devient électriquement longue et la fréquence de coupure se déplace vers|une
plage de fréquences inférieure. De cette maniére, méme dans la plage de fréquences infériepre,
I'affpiblissement.d’écrantage peut étre mesuré, et I'impédance de transfert effective sur|les
dispositifs électriquement courts peut étre calculée.

Le montage d’essai est un systéme triaxial constitué du DUT, d'un tube métallique massijf et
d’un tube d’extension ne laissant pas passer les radlofrequences Le dlsposmf soumis a epsai

(D I} GUGPLU GIIIIICIILC pdalt uri BUIIUIGLUUI, IUIIIIU IU bllbull pUILUIUaIIL \.{ul }JUUL CHGICIIIUIIL tre

appelé circuit primaire ou circuit interne.

Le circuit perturbé, pouvant également étre appelé circuit secondaire ou circuit externe, est
formé par le conducteur externe du dispositif soumis a essai, relié au tube d’extension et a un
tube métallique massif dans I'axe duquel se trouve le DUT.

Le principe du montage d’essai est représenté a la Figure 2 et a la Figure 3. Le montage d’essai
est le méme, qu’il s’agisse de mesurer I'impédance de transfert, I'affaiblissement d’écrantage
ou l'affaiblissement de couplage, mais la longueur du tube interne et du tube externe peut
varier.


https://iecnorm.com/api/?name=f5855e8910a8b635c62bc127cbed5c6d

-72 - IEC 62153-4-7:2021 © IEC 2021

Tube de Interface de Cordon soumis
mesurage connecteur a essai

\ / / Résistance d’adaptation
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Céble de connexion Tube d'extension, Capot d’écran
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Figure 3 — Principe du montage d’essai pour mesurer I'impédance
de transfert et I’affaiblissement d’écrantage d’un cordon

U,). L’extrémité proche du circuit secondaire est placée gn-eourt-circuit.

apport de tensions entre la tension a I'extrémité proche (U4) duCircuit interne (génératpur)
h tension a I'extrémité éloignée (U,) du circuit secondaire (récepteur) doit étre meguré

n la longueur électrique de la combinaison soumise’a essai, du DUT et du tube d’extensjion,

le r¢sultat peut étre exprimé par I'impédance de transfert, I'impédance de transfert effectivé ou
I'affpiblissement d’écrantage (ou I'affaiblissement de couplage).
Pour ce mesurage, un récepteur adapté n’est pas nécessaire. Les éventuelles crétes de tengion

ale
cett
est

6.3

Le

Equipement d’essai

n appareillage yde forme coaxiale triple de longueur suffisante pour produire

a courbe de-'enveloppe;

Hes tubes’de longueurs variables, par exemple différentes parties de tube et/ou des tu
concentriques mobiles. Dans le cas de connecteurs ou de composants plus gros, les tu
riaxiaux peuvent étre remplacés par une cellule triaxiale selon I'l[EC 62153-4-15;

xtrémité éloignée ne dépendent pas de{'impédance d’entrée du récepteur, a condition [que
e derniére soit inférieure a I'impédance caractéristique du circuit secondaire. Toutefols, il
préférable d’avoir un faible défaut@adaptation, par exemple en choisissant une plage de
diameétres de tube pour plusieurs taittes de DUT.

brincipe du montage d’essai est représenté a la Figure 2 et a la Figure 3, ce monfage
conjprenant:

une

superpositionides ondes dans des bandes de fréquences étroites, ce qui permet de dessjiner

bes
bes

un tube d’extension (concentrique) ne laissant pas passer les radiofréquences, de longueur

variable. Il convient, de préférence, que le diamétre de ce tube soit tel que I'impéda
caractéristique par rapport au tube externe soit égale a 50 Q ou a I'impédance d’o

nce
nde

caractéristique nominale de I'analyseur de réseau ou du générateur et du récepteur. Le
matériau du tube d’extension ne doit pas étre ferromagnétique, doit étre trés conducteur
(cuivre ou laiton) et doit avoir une épaisseur> 1 mm, de sorte que I'impédance de transfert

soit négligeable comparée a I'impédance de transfert du dispositif soumis a essai;

un générateur de signal et un récepteur équipé d’un affaiblisseur a paliers étalonné et d’un
amplificateur de puissance, le cas échéant, pour un affaiblissement d’écrantage trés élevé.

Le générateur et le récepteur peuvent étre installés dans un analyseur de réseau;

un symétriseur pour adapter I'impédance du signal de sortie de générateur dissymétri
sur I'impédance d'onde caractéristique de cables symétriques, pour le mesurage
I’affaiblissement de couplage. Les exigences relatives au symétriseur sont données d

que
de
ans
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I'IEC 62153-4-9:2018, Paragraphe 6.3. En variante, un analyseur de réseau vectoriel (VNA)
avec option de mode mixte et une unité de connexion a paires torsadées (TP, Twisted-Pair)
peuvent étre utilisés a la place d’'un symétriseur. Les exigences relatives a I'unité de
connexion TP sont données dans I'lEC 62153-4-9:2018, Paragraphe 6.4.

L’équipement facultatif est le suivant:

— réflectometre dans le domaine temporel (TDR, Time Domain Reflectometer) présentant un
temps de montée inférieur a 200 ps ou un analyseur de réseau de fréquence maximale
allant jusqu’a 5 GHz et capable de fonctionner dans le domaine temporel.

6.4 —Procédure-détatonmage

L’étplonnage doit étre établi aux mémes points de fréquence que ceux auxquels le mesurfage
est |réalisé, c’est-a-dire selon un balayage en fréquence logarithmique sur I’ensemble dg la
plage de fréquences, spécifiée pour 'impédance de transfert.

Si yn analyseur de réseau vectoriel est utilisé avec I'appareil d’essai de \paramétres S| un
étalpnnage complet doit étre établi sur deux ports, en y incluant les cables de connexion util|sés
pouf raccorder le montage d’essai a I'équipement d’essai. Les plans de référence pour
I’étglonnage sont les interfaces de connecteur des cables de connexion.

Si Un analyseur de réseau (vectoriel) est utilisé sans appareil d’essai de parametref S,
c’edt-a-dire un répartiteur de puissance, un étalonnage de cefinexion directe (THRU) doit Etre
établi, en y incluant les cables d’essai utilisés pour raccordér le montage d’essai a 'équipement
d’egsai.

Si Un générateur de signal et un récepteur sépares sont utilisés, I'affaiblissement compgsite
des|cables d’essai doit étre mesuré et les données d’étalonnage doivent étre enregistrées), de
faggn a pouvoir corriger les résultats.

aq, =10¢l0g;, (gj =-20xl0g,,(S,/) (11)
2

P, |est la puissance infroduite lors la procédure d’étalonnage;

P, |est la puissangerau niveau du récepteur lors la procédure d’étalonnage.

Si des amplificateurs sont utilisés, leur gain doit étre mesuré sur la plage de fréquerces
mentionnée/Ci-dessus, et les données doivent étre enregistrées.

Si Uncadaptateur d’impédance est utilisé, I'affaiblissement doit étre mesuré sur la plagg de
fréquences mentionnée ci-dessus, et les données dojvent étre enregistrées. Pour ce faire, deux
adaptateurs d’impédance du méme type et du méme fabricant peuvent étre raccordés I'un a
I'autre "dos a dos" et en mesurant:

2xa,,=10xlog,, [%} =—20x109,,(S5;) (12)

2

Des informations complémentaires sur les adaptateurs d’impédance sont données dans
I'IEC 62153-4-3, Annexe B.
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6.5 Raccordement entre le tube d’extension et le dispositif soumis a essai

Le raccordement entre le tube d’extension et les cables attachés du dispositif soumis a essai
doit étre tel que la résistance de contact soit négligeable. Une technique de connexion possible
ainsi qu’une description de l'influence des résistances de contact sont données a I’Annexe D.
L’Annexe E donne des informations sur la connexion directe du tube d’extension aux
connecteurs soumis a essai.

6.6 Plage dynamique ou bruit de fond

Dans I'essai de vérification, I'impédance de transfert résiduelle et le bruit de fond généré par le
rac¢ordement du cable d’alimentation au tube d’extension doivent étre déterminés.

Le ¢able d’alimentation est adapté sur son impédance caractéristique et relié a la téte d’egsai.
Le fube d’extension doit ensuite étre relié au cable d’alimentation (sans le DUT)@n utilisant la
méme technique de raccordement que pendant I'essai. Le cable entre les points.de connekion
doit|étre le plus court possible (voir Figure 4).

Tube de mesurage Cable court ne laissant pas
/ passer les radiofréquences

Résistafice d’adaptation

17

Générateur Récepteur
72
(A )
N4
/ A\ Capot d’écran
Tube Cable‘a protection par écran élevée,
d’extension par exemple cable semi-rigide IEC

Figure 4 — Principe de montage pour I’essai de vérification

Le fapport de tension, U,/Us,doit étre mesuré avec I'analyseur de réseau.

Le bruit de fond, a,,-du raccordement du tube d’extension au cable d’alimentation est dlors
donpé par:

a, =20xlog,, (U, /U,) (12)

Le t|>ruit de fond doit étre meilleur que la valeur mesurée d’au moins 10 dB.

L'impédance de transfert résiduelle du raccordement du tube d’extension au cable
d’alimentation est donnée par:

Y.

Ly =2Zy% (13)

1

6.7 Adaptation d’impédance

Si 'impédance caractéristique nominale du systéme (quasi) coaxial est inconnue, elle peut étre
mesurée soit en utilisant un TDR présentant un temps de montée maximal de 200 ps, soit en
utilisant la méthode décrite a I'Annexe A. Il n’est pas recommandé d’utiliser un adaptateur
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d’'impédance pour adapter I'impédance du générateur et celle du systéme (quasi) coaxial, car
cela réduit la plage dynamique du montage d’essai et peut offrir une adaptation suffisante
(affaiblissement de réflexion) seulement jusqu’a 100 MHz (voir Annexe B).

6.8 Influence des adaptateurs

Lors du mesurage de l'impédance de transfert, de I'affaiblissement d’écrantage ou de
I’affaiblissement de couplage sur des connecteurs ou des cordons, des adaptateurs d’essai
sont exigés si aucun connecteur d’accouplement du DUT n’est disponible.

‘accat oty lac cannacntaire A'accainlamant nanvant mitar 10 cancihilitA du
e55at-eH-ou1e 560 eete S aa660upre e Rtpethert—rmite—a-5eRSioiite

d
et peuvent avoir un impact sur le mesurage.

Lesradaptatedrs
montage d’essai

Le type et/ou la conception de I'adaptateur d’essai doivent étre précisés dans le rapport d’egsai.

Ung description plus détaillée de la conception et de I'impact des adaptateurs d’essai ept a
I’étyde.

7 |Préparation d’échantillon

7.1| Connecteur ou dispositif coaxial

Un |cable d’alimentation doit étre monté sur le connecteur soumis a essai et sa partie
accpuplement conformément aux spécifications du fabricant. Une extrémité doit étre reliéela la
téte] d’essai si le cable d’alimentation est adapté a{l'impédance caractéristique nominalg du
dispositif soumis a essai. Il peut étre court-circuité, si I'impédance de transfert est mesdyrée
avef un court-circuit/court-circuit (sans adaptation) sans résistance d’amortissemgent,
conformément a I'lEC 62153-4-3.

L’aytre extrémité du cable de connexion.doit passer a travers le tube d’extension et étre rdliée
au générateur. Du c6té du dispositif-s@umis a essai, I’écran du cable d’alimentation doit Etre
reli¢ au tube d’extension avec une faible résistance de contact (voir 6.2 et Annexe B). Du ¢6té
du générateur, I’écran du cable d*alimentation ne doit pas étre relié au tube d’extension.

7.2| Dispositif symétrique~ou multiconducteur

Un céble symétrique ousmulticonducteur utilisé habituellement avec le connecteur soumjs a
esshi doit étre monté sur le connecteur soumis a essai et sa partie accouplement conformément
aux|spécifications du fabricant.

Lorg du mesurage de I'impédance de transfert ou de I'affaiblissement d’écrantage, les cables
symétriques-ou multiconducteurs équipés d’'un écran sont traités comme un systéme quasi
coakial.(Ainsi, au niveau des extrémités ouvertes du cable d’alimentation, tous les conduct¢urs
de toutes les paires doivent étre reliés les uns aux autres. Tous les écrans, y compris ceux|des
pair soudes qualtcb bUIII}JUItdIIt gmecran ;IIUI;V;L;UU;, doiventétreretiestesumrs—aux—autres
aux deux extrémités. Tous les écrans doivent étre reliés sur toute la circonférence [voir
Figure 5 a) et Figure 5 b)].

Une extrémité doit alors étre reliée a la téte d’essai si le cable d’alimentation est adapté a
I'impédance caractéristique (affaiblissement d’écrantage et impédance de transfert avec
procédure court-circuit/avec adaptation) ou avec un court-circuit (impédance de transfert avec
procédure court-circuit/court-circuit).

L’autre extrémité doit passer par le tube d’extension et doit étre reliée au port d’alimentation
[analyseur de réseau vectoriel (VNA, Vector Network Analyzer) ou générateur] a 'aide d’un
adaptateur approprié.
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Feuille de contact Boitier d’écran

Tube d’extension /
[

Court-circuit

IS 2 |
\\_______T *R |
Ecran Connecteur accouplé

soumis a essai IEc

a) Principe de préparation de connecteurs symétriques ou multiconducteurs
pour I'impédance de transfert (court-circuit/court-circuit)
Tube d’extension Feuille de contact Boitier d'écran

./ \ ~ I/
TN T e "
‘ | Reésistance
de charge
«
| | AT
\ |
Ecran Connecteur accouplé
soumis a essai eC

b) Principe de préparation de connecteurs symétriques ou multiconducteurs
pour I'impédance de transfert (court-circuit/avec adaptation) et I’affaiblissement d’écrantage

Feuille de contact Boitier d’écran

Tube d’extension
/ \ 4
l “"l |I R A
C* 7

=

N
Charge
Y. A A A A A A aa ~— Symetrique/
| | C ] dissymétrique
N \ |

Connecteur accouplé

Ecran
soumis a essai

IEC

c) Principe de préparation de connecteurs symétriques ou multiconducteurs
pour I’affaiblissement de couplage en utilisant un symétriseur

NOTE 1 Ajouter des sorties pour toutes les paires si le cable n’est pas écranté par paires. Si un écran de paire est
ajouté, la sortie de toutes les paires n’est pas obligatoire, mais recommandée.
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Unité de connexion TP Tube d'extension Feuille de contact Boitier d’écran
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¢ R A
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—/ﬂ
: Charge
Générateur R g - symétrique
¥ t 1 = '=i
- | A\ | |
\
Ecran Connecteur accouplé

soumis a essai
IEC

d) Principe de préparation de connecteurs symétriques ou multiconducteurs
pour I’affaiblissement de couplage en utilisant un symétriseur virtuel

F 2 Ajouter des sorties pour toutes les paires si le cable n’est pas écranté par pdires. Si un écran de pair
é, la sortie de toutes les paires n’est pas obligatoire, mais recommandée.

Figure 5 — Préparation de connecteurs symétriques ouymulticonducteurs

Cordon
e cordon tient dans le tube, il doit étre mesuré conformément a la Figure 3. Les cord
longs peuvent étre coupés et chaque section mesurée séparément.

Mesurage de I'impédance de transfert
Généralités
C 62153-4-3 décrit trois procédures d’essai triaxiales différentes:

Circuit interne adapté avec résistance d’amortissement dans le circuit externe;

court-circuit/court-circuit (sans adaptation) sans résistance d’amortissement.

brocédure décrite-ici est en principe la méme que la celle de I'|EC 62153-4-3 avec cif
'ne avec adaptation n’utilisant pas l'adaptateur d’impédance et ne présentant pas
stance d’ameortissement, R,. Sa plage dynamique est plus élevée que celle des essais 8

stance d’amortissement dans le circuit externe.

ésistance de charge, Ry, pourrait soit étre égale a I'impédance du circuit interne, soit

P est

ons

Circuit interne avec résistance de charge et circuit externe sans résistance d’amortissemient;

cuit
de
vec

Btre

a i Adanoan Ay ~AnArataie | A A dioan oo Aot intAracoant loaroni s analiong

F de

éga

1
Ca Pl CC— oo g e e TotC o CC— Ot oOXTC T~ oS~ C ot mteTro oot ooy oo artary oco

réseau est utilisé avec répartiteur de puissance plutdét qu’'un appareil d’essai de paramétres S.

NOT

8.2

E D’autres procédures de I'lEC 62153-4-3 peuvent par conséquent étre appliquées si cela est exigé.

Diagramme de principe de I'impédance de transfert

Un diagramme du montage d’essai utilisé pour mesurer I'impédance de transfert selon la
méthode d’essai de I'l|EC 62153-4-3 avec résistance de charge dans le circuit interne et avec
résistance d’amortissement dans le circuit externe est représenté a la Figure 6.
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7 Tube
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igure 6 — Montage d’essai (principe) pour le mesurage de I'impédance de transfel

=

selon I’essai de I'lEC 62153-4-3 avec résistance de charge dans le circuit interne et avec

8.3

Lors

résistance d’amortissement dans le circuit externe

Procédure de mesurage — Influence des cables de connexion

transfert des cables de connexion a l'intérieur du tube et-servant a brancher le DUT doit

mes§

L’im
mes
des

urée.

pédance de transfert des cables de connexion _qui permettent de brancher le DUT doit

le r¢sultat étant I'impédance de transfert de€s'cables de connexion, Z ..

8.4
Le
L’ af

logs
tran

Mesurage

DUT doit étre raccordé au génerateur et le circuit externe (le tube) au récepteur.

sfert et aux mémes points de fréquence que pour la procédure d’étalonnage:

ameas = 10 x IOg10 (%J = _20 x IOg1O(S21)

2

ou

du mesurage d’'un connecteur ou d’'un composant sans\tube concentrique, I'impédance de

Etre

etre

urée conformément a I'lEC 62153-4-3. La valeur mesurée doit étre rapportée a la longyeur
cables de connexion situés a l'intérieur du montage d’essai et servant a brancher le DUT,

faiblissement, ap, .., .doit de préférence étre mesuré selon un balayage en fréqugnce
rithmique sur I'ensemble de la plage de fréquences, qui est spécifiée pour I'impédance de

(15)

Py
Py

8.5

est la puissance entrant dans le circuit interne;

est la puissance regue dans le circuit externe.

Interprétation des résultats d’essai

La conversion entre I'affaiblissement mesuré et I'impédance de transfert est donnée par la
formule suivante:

7 Rt g TR g

T 2 con

(16)
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+7 _(%meas " 9cal
Z, :%MO( 0z

si la méthode en tubes concentriques est utilisée.

(17)

ou
Zt est I'impédance de transfert;
Zy estHimpédance-du-systeme{ergenéral-50-9Q);
Ambas est I'affaiblissement mesureé par la procédure de mesurage;
ac4i est I'affaiblissement des cébles de connexion s’il n'a pas été éliminé par la
procédure d’étalonnage de I'’équipement d’essai;
Ry est la résistance de terminaison dans le circuit interne (qui est soit-égale a
I'impédance du circuit interne, soit égale a 'impédance du génétrateur);
Zsdn est I'impédance de transfert des cables de connexion;
Zt est I'impédance de transfert résiduelle, voir 6.6.
NOTE Contrairement au mesurage de I'impédance de transfert des écrans de cable, I'impédance de transferf des
connlecteurs ou des cordons n’est pas liée a la longueur.
8.6 Rapport d’essai
Le rapport d’essai doit consigner les résultatscd’essai et doit indiquer si les exigences dg la
spétification particuliere correspondante sont’satisfaites.
L'utjlisation et la conception des adaptateurs d’essai (le cas échéant) doivent étre décrites
9 |Affaiblissement d’écrantage

9.1
Cet

9.2
9.2

L’aff

Généralités
e méthode est enprincipe la méme que celle décrite dans I'lEC 62153-4-4.

Adaptation d’impédance

(| Généralités

faiblissement d’écrantage peut étre mesuré avec ou sans adaptation d’'impédance.

Si 'impédance caractéristique du DUT est inconnue, I'impédance caractéristique nominale du
systéme quasi coaxial peut étre mesurée soit en utilisant un TDR présentant un temps de
montée maximal de 200 ps, soit en utilisant la méthode décrite a ’Annexe A.

Il n’est pas recommandé d’utiliser un adaptateur d’impédance pour adapter I'impédance du
générateur et celle du systéme soumis a essai (voir Figure 7), car cela réduit la plage
dynamique du montage d’essai et peut offrir une adaptation suffisante (affaiblissement de
réflexion) seulement jusqu’a 100 MHz, si des adaptateurs maison nécessaires pour les
impédances autres que 60 Q ou 75 Q sont utilisés (voir Annexe B).
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Figure 7 — Mesurage de I’affaiblissement d’écrantage en tubes
concentriques et avec un dispositif d’adaptation d’impédance

021

Le DUT avec le tube d’extension connecté doit étre installé dans le tube.de mesure. Le fube
d’extension doit étre placé en court-circuit avec le tube de mesure a I'extrémité la plus prg

réc

Le p

énérateur. Le cable d’alimentation doit étre relié au générateur, (@u moyen d’un dispd

du
d'aiaptation d’impédance, le cas échéant) et la sortie du tube de)mesure doit étre reliée

pteur.

arameétre de diffusion, S,¢, doit étre mesuré.

Sedles les valeurs de créte du graphique d’affaiblissement d’écrantage obtenu sont utilis
pouf déterminer la courbe de I’enveloppe.

9.2,

Evaluation des résultats d’essai avec les conditions adaptées

L’affaiblissement d’écrantage, ag, doit .&tre calculé avec la valeur normalisée détermi

arbitrairement, Zg = 150 Q 1.

P 2xZ
:10><|Og10 1 X S ~dimd
r,max 2,max R

n

ag =10xlog,q

=Env —20><Iog10|S21|+10x|og10 300Q|

1

imd

che
sitif
au

ées

née

(18)

(19)

1

cl

assique. Elle n’a aucun rapport avec I'impédance du circuit externe du montage d’essai.

Zg est la valeur normalisée de I'impédance caractéristique de I'environnement d’'une installation de cébles
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