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FOREWORD

=

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization“compr
gll national electrotechnical committees (IEC National Committees). The object of IECNis/to pro
ternational co-operation on all questions concerning standardization in the electrical and eleectronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificaf]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafterireferred to as

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

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

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordancewith 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 fro
terested IEC National Committees.

=0 1 Q < © = 7 - =

FC Publications have the form of recommendations for interpational use and are accepted by IEC Naf]
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible\for the way in which they are used or for
isinterpretation by any end user.

a0 —

h order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in_their national and regional publications. Any diverg
etween any IEC Publication and the corresponding-hational or regional publication shall be clearly indicat|
he latter.

—~ 0y~ —

FC itself does not provide any attestation-of conformity. Independent certification bodies provide confo
jzsessment 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.

A
N

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

A
i

ttention is drawn(to)the Normative references cited in this publication. Use of the referenced publicatio
indispensable forithe correct application of this publication.

Attention is_drawn to the possibility that some of the elements of this IEC Publication may be the subj¢
patent rights.)IEC shall not be held responsible for identifying any or all such patent rights.
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has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62153-4-9 has been prepared by IEC technical committee 46:
Cables, wires, waveguides, RF connectors, RF and microwave passive components and
accessories.

This second edition cancels and replaces the first edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
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measuring with balun or with multiport respectively mixed mode VNA;

bxtension of frequency range up to and above 2 GHz.

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

FDIS Report on voting
46/681/FDIS 46/685/RVD

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

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

st of all parts of the IEC 62153 series can fevfound, under the general title Met
munication cable test methods, on the |IEC website.

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

reconfirmed,

vithdrawn,

feplaced by a revised edition, or

hmended.
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PORTANT{= The 'colour inside’' logo on the cover page of this publication indicat

tth it _contains colours which are considered to be useful for the corré¢ct

erstanding of its contents. Users should therefore print this document using
our printer.
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normal instrumentation from low frequencies up to the limit of defined fransversal wave
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is limited by the properties of the baluns.
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r tube, measurements are independent of irregularities on the circumference and*exte
tromagnetic fields.

de dynamic and frequency range can be applied to test even super screened cables

outer circuit at approximately 4 GHz. However, when using a bafun) the upper frequg

surements can be performed with standard tube procedure (respectively with stand
head) according to IEC 62153-4-4 or with open tube (op&w’'test head) procedure.

procedure described herein to measure the coupling attenuation ac is based on
edure to measure the screening attenuation agyaccording to+EC-62453-4-5 [EC 6215

Normative references

following documents are referred<to in the text in such a way that some or all of {

 applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

60050-726, International Electrotechnical Vocabulary — Chapter 726: Transmission |
waveguides

TR TS 62158-4-1, Metallic communication cable test methods — Part 4-1: Electromagn
patibility (EMC) — Introduction to electromagnetic-(EMC) screening measurements

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

ent constitutes requirements ,of this document. For dated references, only the estion

part of IEC 62153 applies to metallic communication cables. It specifies a test method for
rmining the coupling attenuation a; of screened balanced cables. Due to the goncentric

rnal

with
5 in
ncy

ard

the
3-4-

heir

ing

nes

etic

etic

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

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

3

Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in IEC 60050-726,
IEC TS 62153-4-1 and+EC-62153-4-5 IEC 62153-4-4, as well as the following symbols apply.
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ISO and IEC maintain terminological databases for use in standardization at the following

addresses:

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

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

is the screening attenuation which is comparable to the results of the absorbing

clamp method in dB;

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

m,min

Pr,max

IS The unbalanced attenuation,

is the attenuation recorded as minimum envelope curve of the measured. va
in dB;

is the additional attenuation of-an—eventually a possible inserted adapter, if
otherwise eliminated e.g. by the calibration, in dB;

is the through capacitance of the outer conductor in F/m;

is the vacuum velocity in m/s;

is the differential length operator of integration;

is the vacuum wavelength in m;

is the relative dielectric permittivity of the cable undef test;
is the relative dielectric permittivity of the secondary circuit;

is a normalised value of the relative dielectfic: permittivity of the environment of
cable;

is the frequency in Hz;

is the imaginary operator (square ro@t of minus one);
is the transmission line parameter-inductance;

is the effective coupling length“in m;

is a phase factor in the rafio of the secondary to primary circuit end voltages (U,/1
is the feeding power, ofthe primary circuit in W;

is the measured power received on the input impedance;
R of the receiyer in the secondary circuit in W;

is the radiated power in the environment of the cable, which is comparable
Py, + Py ofthe absorbing clamp method in W;

is the{periodic maximum values of the common mode radiated power in W;

issthe radiated power in the normalised environment of the cable under test,
(Zg=150Q and [Av /vy =10 % )in W,

ues

h

o1 =25 % [fory ~ o )< 1150 1)
@y =271 x(\/;+\/£)xl/lo (2)

P3 =@2 —p1=4nx4lep x1/lg (3)

is the input impedance of the receiver in Q;
is the differential mode termination, Q;

is the summing function;

is the coupling transfer function;

is the input voltage of the primary circuit formed by the cable in V;

not |

the

to
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U, is the output voltage of the secondary circuit in V;
Q is the radian frequency o;
Z, is the (differential mode) characteristic impedance of the cable under test (primary
circuit) in Q;
Zy is the characteristic impedance of the secondary circuit in Q;
50 L | Z,}inQ;
Zeom is  the common mode (unbalanced);
Z 4ifs is the nominal characteristic—differential-mode impedance of the differential mode
(balanced);
Zg is the capacitive coupling impedance of the cable under test in Q/m,
Zp=Zy-Zy-j-2:n-f-Cy (4)
Zg is the normalised value of the characteristic impedance of the environment of|the
cable;
Zt is the transfer impedance of the cable under test in Q/m;
4 |Principle of the measuring method

The

General

pling attenuation of screened balanced cables describes the overall effect agdinst
tromagnetic interference (EMI) taking into account both the unbalance attenuation of|the
and the screening attenuation ofthe screen.

gen
or

under test covered by\the tube. The disturbed circuit (the outer or secondary circuit

ter
rece

The
recq
The
i tH

disturbing circuit (the inner;or primary circuit) consists of the test cable which is fed by a
rator and is impedance-matched at the near and far ends. The disturbed circuit (the opter
econdary circuit) is formed by the solid metallic tube and the short section of the cable

secC

selecting a range of tube diameters for several cable sizes.

eMpput impedance of the receiver is lower than the characteristic impedance of|the

Udrlry U TOWEVE dUVd dJcOU O dVeE d OW c O cl
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Calibrated receiver o )
or network analyzer U, Termination resistors and

the remaining cable length
in a highly screened box

To

— j?x =0
| 1] i 59 M=)
Slgnal 1 1 IS SALLSS A LS SIS IS SSSS A IS Pa———
generator |_ e f \
Balun in a highly Tube with open end Femitedings
screened box
IEC 35§/08

Ei {  Princiol |

measure the coupling attenuation as well as to measung the unbalance attenuatio

diffgrential signal is required. This can, for example, befdgenerated using a balun w

con

Lerts the unbalanced signal of a 50 Q network analyseRinto a balanced signal.

DUT Tube Balanced/unbalanced load

/

O | \w 4

Generator Balun

IEC

Figure' 1 — Coupling attenuation, principle test set-up
with balun and standard tube

Altegrnatively, a_balanced signal may be obtained by using a vector network analyser (V|
havlng two generators with a phase shift of 180°. Another alternative is to measure wi
mulfi-port (VNA (virtual balun). The properties of balanced pairs are determi
mathematically from the measured values of each single conductor of the pair agd
refegrence/ground. The coverable frequency range for the determination of the reflection
tranjsniissions characteristics of symmetrical pairs is no longer limited by the balun but by
VNA and the connection technique.

n a
hich

NA)
h a
ned
inst
and

the

A detailed definition of mixed mode S-parameters for measurements with virtual balun is given
in Annex B.

The test set-up (see Figures 1, 2, 3 and 4) is a triaxial system consisting of an outer solid
metallic tube in which the cable under test (CUT) is concentrically positioned.

At the near end, the screen of the screened cable under test is short circuited with the solid
metallic tube.
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Pick-up wire Receiver

Tube with open head ] @
\ Ferrite-absorber
I / _________

Cable under test

@;
R

<<
|
|
e i L
Remaining cable length, appr. 97 m
Ge\nerator \ Balanced/unbalanced load \
Balun Housing

IEC
Figure 2 — Coupling attenuation, principle test set-up with balun and-open head

At the far end, the tube can be equipped with a “test head” which can he removed from|the
tubIlfor easier connecting of the CUT. The set-up according to IEC 82953-4-4 is designated
as the standard procedure, respectively the procedure with standand"head. The advantage is
an ¢verall closed and shielded set-up.

Altgrnatively, the tube can be equipped with an open head. @t the far end (see Figures 2 jand
4).

4.2 Procedure A: measuring with standard tubé (standard head)

The| set-up detailed in Procedure A uses the standard test-head and is in principle the same
as ¢lescribed in IEC 62153-4-4. The screened\balanced DUT can be fed either in cominon
mode or in differential mode. In this way, botl}/ screening attenuation of the screen or coupling
attehuation of the screened pair can be measured. In principle, with the same set-up, also|the
tranjsfer impedance of the screen capybe measured (taking into account the length of|the
DUT).

Generator Tube Balanced/unbalanced load

/ //
X i

\ TP-Connecting unit Cut Screening cap Receiver
Generator IEC

Figure 3 — Coupling attenuation, principle set-up with multiport VNA and standard head

The DUT shall be matched at the far end in common and differential mode. Return loss of the
CUT in common and differential mode shall be measured. Values for return loss in common
and differential mode shall be at least 10 dB.

4.3 Procedure B: measuring with open head

In case of measuring with open head the first several meters of a longer length of the cable to
be tested are concentrically positioned in an outer solid metallic tube. The remaining length
(usually of 100 m length) that extends past the tube is placed in a highly shielded box and
terminated with common mode and differential mode terminations (see Figure 6). The cable
screen shall be connected with low impedance to the screened box. The center point of the
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differential mode termination shall be connected via the resistor Rs), to the highly screened

box

or cable screen (see Figure 6).

Receiver

Cable under test Pick-up wire @
Tube with open head ]
\ Absorber

\

;

'|'I

At t
met

At t
con
alsg

of thhe CUT. QO

At t
trayv
comn

to measure the attenuation of ab§g'§)ers is given in Annex A.

5

5.1

To

env
cab
sev
ove
scrd

Generator ]

TP-connecting device Balanced/unbalancéa%ad

s/
Generator X IEC
/

igure 4 — Coupling attenuation, principle set-up with multlpﬂgqlNA and open hea

ne near end, the screen of the screened cable under teg(/ short circuited with the s
hllic tube.

hected to the screen of the cable under test Figure 4). The open tube system

he far end, the tube is let open and the signa@cked up by a “pick up wire”, whid|
be equipped with a “test head” which can b%e oved from the tube for easier conneg

he open end of the tube, absorbers s é%\be applied to match the system and to avoid b
elling waves into the system. The nuation of the absorber shall be at least 20 df
bination of a ferrite absorber a nanocrystalline absorber may be used. A proceq

o
Iheemﬁed—baekg@ Screening parameters

-

General O® ’

brotect a cable‘against external electromagnetic interference or to avoid radiation into
ronment, cable is surrounded with screens made of metal foils and/or braids.
es use
bral |
Fall

&

or magnetic materials, are also used. In case of balanced cables, also
metry of the pair contributes to the screening effectiveness in addition to

o

olid

h is
can
ting

ack
B. A
ure

the
For

harsh electromagnetic environments, elaborate shield structures, mad¢ of

the
the

The sole effect of the screen is described by the transfer impedance and the screening
attenuation. The influence of the symmetry is grasped by the unbalance attenuation. The
overall effect of the screen and the symmetry of the pair (for balanced cables) are described

by t

5.2

he coupling attenuation.

Transfer impedance

For an electrically short screen, the transfer impedance Zt is defined as the quotient of the
longitudinal voltage U4 induced to the inner circuit by the current /, fed into the outer circuit or
vice versa, related to length in Q/m or in mQ/m (see Figure 5).
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<10

IEC

Figure 5 — Definition of transfer impedance

The_test procedure for transfer impedance is described in IEC 62153-4-3. According to the
defipition it can be measured on short cable samples.
5.3 Screening attenuation-a,
T . . isgi |
P
ag = -10x Iogm[Envﬂ] 10)
)
ALHi
| Pamax | _ Co R4S P A a5 11
~ . 5
| Py | WyZ1 x Z3 VEF —WEr2 A& tEr2
Forlexact calculation—if feedback from-the -secondarv-to-the primarv—circuit-is nealiagible Hthe
Forfexact-caleulation—iffeedbackfrom-the_sBeondary-to-theprimarycircuit-ishegligiblesrthe
atig-of-the-far-end-voltages 943 d Qza exgiven-by
v Zt -Z —j It +Z _j 1
2|= T—°F x[1—ef¢’1]+#x[1—e”"2]x x
Ui | VEr1 —Eér2 VEr1 TH/&r2 W xZ4
2}
%
2+ (Zo R [1-e 1%
Thel screening attenuation ag is the measure of the effectiveness of a cable screen. It is|the
loggrithmic ratipwof the feeding power P4 to the maximum radiated power P, ..

With the-atbitrary determined normalized value Zg = 150 Q (see IEC 62153-4-4) one gets:

P P 27
ag =10-lg—1—=10-lg—"—. 28| 4B
Pr,max PZ,max R
ag =20-1g Us +10-|g{2'ﬁ} dB
U2,max Z1

(7)

whereas R is the input impedance of the receiver. More details are given in IEC TS 62153-4-1

and

in IEC 62153-4-4.

With the arbitrary determined normalized value Zg = 150 Q one gets for screened balanced

cab

les (in the common mode) the screening attenuation ag:
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P
ag =10-1g—=" dB (8)
r,max
aS:ZO-IgMHO-Ig{ZZS} dB (9)
2,max com

5.4 Unbalanced attenuation-a,

Scrgened balanced pairs may be operated in two different modes: the differential mlode

Differences - in-the diameter of the core-insulation—uneausal twisting and different distancek - of

SHHefrences+Hh—the—-aiameter—orthe-coreHhsthatohdhReqgua—twWisStHRgahRcaierent—aistancep ot
thelnair The unsvmmetrv_is caused -bv the canacitiveunbaladnce to-earth e (transverse
the{pa—Hhe—dRSymmety1s—eadsea—by—the—capaciive—uhbaanceto—earth—e—{tansverse

unskmmetrv) and the difference—of the inductance and resistance between-the two wires r

HhRsymmetry)—anRathe—aiterenrce—otrtheHauctanceanctesistahce—onetweentnetwWo—-WHES

e =Cqg —Cyy (5)

7

r=(Ry+ jwxdky)—(Ry + jw x Ly) (6)

A~
(o]
<=

Tu? = (jOJXGXZdiﬁ chom =+ r)X;XLXSP

\/Zdiff xZcom 4
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The unbalance attenuation «, of a pair describes in logarithmic scale how much power
couples from the differential mode to the common mode and vice versa. It is the logarithmic
ratio of the input power in the differential mode Py to the power which couples to
common mode P, [8]1.

the

Diff
corg
som

At |
high
ma
dist

3
- &
O

Fyitt

com

ay, =10-1g

= 20.Ig-Zdiff

Q.
+1o-|g[—Z°°m} dB W
diff (b'
N
erences in the resistance of the conductors, in the diameter he core insulation, in

capacitance, unequal twisting and different distances Q)t e cores to the screen
e reasons for the unbalance of the pair. Q/

;\\

ow frequencies, the unbalance attenuation decr€asés with increasing cable length

com

imum value — similar to the screening attenu th — depending on the type of cable an

det¢rmined for the near end as well as for th9® r end of the cable [5].

&
Coupling attenuation-a, \$

10)

—

he
are

At

er frequencies and/or length, the unbalance nuation approaches asymptotic fo a

i its

fibution of the inhomogeneity along the able length. Unbalance attenuation may| be

P
ag = —10x|og10(Env rmax J

1 Figures in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=b0def699857c1256f280fe146ac77456

IEC 62153-4-9:2018 RLV © |IEC 2018 - 15 -

7 . - . p. p, . .

impedance-Ris:

P_S_PSmax_ R

P, - Pomax - 2xZg

The] coupling attenuation of screened balanced pairs describes the global effegt Nag3
eledqtromagnetic interference (EMI) and takes into account both the effect of thesscreen
symmetry of the pair.

6.1

Measurement

General

Megsurements can be performed with a two-port VNA and balun {see Figures 1 and 2) or

mul

iport or mixed mode VNA and connecting unit (see Figures 3 and 4) both with stang

tube, respectively with standard test head, or with open test\d€ad procedure.

6.2

To

Equipment

measure the coupling attenuation, as well @s to measure the unbalance attenuatio

diff¢rential signal is required. This can, for ¢¢Xample, be generated using a balun w

con

Verts the unbalanced signal of a 50 Q nefwork analyser into a balanced (usually 10

sigr]al.

Altgrnatively, a balanced signal may\be obtained by using a vector network analyser (V|

hav
mul

ng two generators with a phase shift of 180°. Another alternative is to measure wi
i-port VNA (virtual balun)~ The properties of balanced pairs are determi

mathematically from the meéasured values of each single conductor of the pair agd
refgrence ground. The covienable frequency range for the determination of the reflection
transmissions charactertistics of symmetrical pairs is no longer limited by the balun, but by
VNA and the connectidmtechnique.

Ad

ptailed description of mixed mode parameters is given in Annex C.

Thel measurement set-ups are shown in Figures-2 1 to 4 and consist of:

b _metallic non ferromagnetic tube with a length sufficient to produce a superimpositio

ith
ard

hich
Q)

NA)
h a
ned
inst
and
the

n of

Wwaves in narrow frequency bands which enable the envelope curve to be drawn; the |
head of the tube may be standard head according to IEC 62153-4-4 (Figures 1 and 3) or

open head (Figures 2 and 4)

a two port network analyser when measuring with balun (a separate generator
receiver may also be used);

a balun for impedance matching of an unbalanced generator output signal to
characteristic impedance of balanced cables——see-6-2; or

test

and

the

a Twisted Pair (TP)-connecting unit when measuring with multiport respectively with mixed

mode VNA;

ferrite absorber rings (ferrite or nanocrystalline) with an attenuation—agg,;>—40-DBb

Agpsorber > 20 dB in the measured frequency range when using the open head method;

metallic boxes to shield the balun and the remaining cable length including the matching

resistors when using the open test head method.
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Network analyzer with
S-Parameter Test-Set

Port 1 Port 2

O Q

Power amplifier Preamplifier
(if necessary) (if necessary)

/ \
N

\ Highly screened

/ . . _ . ¢
connecting cables Fenmite rings |_ j

It | |
Balun Open tube with CUT m—ggi Load
[ b2 l |

N Lot i

Highly screened box /

Highly screened box

Remaining cable length
approx. 100 m in the box

IEC 356/08

6.3| Balun requirements

A bplun may be required to match the outputimpedance of the generator (a balun is|not
reqlired when a balanced output generator js used) to the nominal characteristic impeddnce
of the cable under test. The balun performance requirements are specified in Table 1.

Thel attenuation of the balun shall be;képt as low as possible because it will limit the dyngmic
range of the coupling attenuation measurements.

Table 1 — Balun_performance characteristics (1 MHz to 1 GHz)

Parameter Value
Impedance, primary? 50 Q (unbalanced)
Imgedance, secondary® 100 Q or 150 Q (balanced)
Insgrtion loss® (including matching pads if used) <10 dB
Refurn lossybi-directional >6dB
Poyer rating To accommodate the power of the generator ang

amplifier (if applicable)

Output signal balance? > 50 dB from 1 MHz to 30 MHz
> 50 dB from 30 MHz to 100 MHz
> 30 dB from 100 MHz to 1 GHz

2  Primary impedance may differ if necessary to accommodate analyser outputs other than 50 Q.

b Balanced outputs of the test baluns should be matched to the nominal impedance of the symmetrical cable
pair. 100 Q should be used for termination of 120 Q cabling.

¢ The insertion loss of a balun shall be mathematically deduced from three insertion loss measurements with
three baluns back-to-back (see also IEC 62153-4-5).

d  Measured per ITU-T Recommendations G.117 [1] and 0.9 [2].
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6.4

TP-connecting unit requirements

When measuring with “virtual balun”, a TP connecting unit is required. See Table 2.

Table 2 — TP-connecting unit performance characteristics
(1 MHz to 2 GHz)

Parameter Value

Characteristic impedance, primary side (single ended)? 50 O

Characteristic impedance secondary side (differential)d 1 x 100 O (differantial)

A

Refurn loss, differential mode® > 20 dB Q

AL

Attgénuation, differential mode® <0,3dB O\<

~7
Unlbalance attenuation (TCTL)¢ > 60 dB-10*log (f), 40 dB max. Q’\
fa)

a8 |Two ports with single ended impedances of 50 Q generate a common mode impet@ckof 25 Q anfl a

differential mode impedance of 100 Q. b"
%

b |To be measured e.g. with a 4 port mixed mode network analyser. One Iogiﬂjort is generated by [the
combination of two single ended ports. A second logical port is generated N combination of two other
single ended ports. The absolute dB value of the S-parameter S,,,, the esents the return loss of [the
differential mode.

¢ |With the test set-up according to P, the absolute dB value of the@parameter Syq2¢ then represents fthe
attenuation of the differential mode.

d |with the test set-up according to ?, the absolute dB vaIueQ the S-parameter S_j,, then represents [the
unbalance attenuation (TCTL). O

N
6.5 Sample preparation \(\@
A differential mode termination is requir@[}br each pair at the near and far end of the cable¢.
N
Z
\O R1 — diff
2
‘\\C\}‘
Thel center-taps—of-the tergﬂﬂ.ations choll oo conposiod tocntnos cne cball Do conooeiofl fo
2@ ..
O R _ diff 12)
S 2
The ?&ﬁination of the common mode (Rpy//Rpp + Repy) iS under consideration.

NOTE Since modern mixed mode VNAs use a 25 Q generator and receiver impedance as default value for the
common mode (see Clause C.2), a value of zero Q for R, respectively a short circuit, is used in general.
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Balun or TP- Cable under test
connecting unit

Network
analyser
generator

or
signal generator R

R
iy 4
R
Rulvl R\IIVI
.»:.-[;)(
DM RDM
R
DM DM
RCM RCM
[
@ ———— e L
RDM '\RDM
Screen

IEC

Figure 6 — Termination of the cable under test with balun feeding

6.6 Procedure

Thel pair under test is terminated at the far end by differential and common mode terminatjons
accprding to Figure 3. The sample is then centered jinthe tube and fed by a generator in|the
diffgrential mode via a balun or with multiport or mixed'mode VNA.

The| quotient of the voltages at the output of“the outer circuit and the input of the cable is
meadsured, either directly by a network analyser or with a calibrated step attenuator (assuming
that| the receiver has the same input impedance as the output impedance of the signal
gengrator (R = Z,)) which is inserted as;an alternative to the triaxial apparatus.

Only the peak values of the maximum of the voltage ratio or the minimum of the attenuation
mugt shall be measured and recoerded as a function of the frequency in order to determine|the
envglope curve.

Attgnuation introduced. by the inclusion of adapters, instead of direct connection,-must ghall
be taken into accournt when calibrating the triaxial apparatus.

Whﬂen using mjuftiport or mixed mode VNA, a complete calibration of all ports shalll be
performed aegording to the specification of the manufacturer, e.g. by using an electrpnic
calibratiopXKit’

The| vQltage ratio measured is not dependent on the diameter of the outer tube of the trigxial
test set-up nor on the characteristic impedance Z, of the outer system, provided that Z, is
larger than the input impedance of the receiver.

6.7 Test length

The coupling length is electrically long, if

ofalimial o o

(13), (14)

Co
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6.8 Measurement precautions

The cable under test shall be positioned-as concentric-as-pessible in the-outer tube to obtain
homogeneous wave propagation.

The balun (if applicable) and the remaining cable length including the matching resistors (in
case of open head procedure), shall be positioned in a well-screened box to avoid
disturbances from outside into the test set-up as well as to avoid radiation from the test set-

up.

It isppe o i i j i i the
¢ to absorb mterfermg backward travelling waves.

7 |Expression of results

7.1 Procedure A: measuring with a standard head

The| attenuation of the balun or of the TP-connecting unit shall be/subtracted from [the
me3asuring results.

Thel voltage ratio Uyi/Usmax Shall be measured with calibrated VNA (or calibrated generptor
and|receiver) and corrected with regard to the influence of tgst feads and connecting units,

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

P. P. 2x 7
ac =10 xlogqg|——| =10 x logo|— 1 x £°£S8 18)
Pr,max P2,max R
Q
=20><|Og10 +10><|Og10 300 19)
2max 1
300Q
=ammin — a8z +10xlogqg Z 20)
1
ag =10-Ig-9 Foitt | 10.1g1-Loom | 4B, ((10) #(8))
com T, max
t cho Urcom I'2 ZS—| (( ) ( ))
ag =20-1g—9" 110 Ig[ J+2o Ig +10-IgL JdB, 11) + (9
¢ Ucom Zdl U2,max Zcom
2-7
¢ =20 Ig +10- |g{—s} (15)
2,max 2 gife

7.2 Procedure B: measuring with an open head

The attenuation of the balun or of the TP-connecting unit shall be subtracted from the
measuring results.
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The voltage ratio Uyi/Usmay Shall be measured with calibrated VNA (or calibrated generator
and receiver) and corrected with regard to the influence of test leads and connecting units.
The operational attenuation a,,, = 20-19(U4/U,) of the outer system of the test set-up shall be
measured according to Figure 7 in case of open head procedure with the same absorber and
DUT configuration as used during the coupling attenuation measurement:

Receiver

Only outer conductor connected \ @

Frre IWJI Pek=tr
\ / I

QOuter system
_S r % _ i - f
@ — > > ><C >< > e
Generator \ \

Screening cap DUT Absorber

IEC
Figure 7 — Test set-up to measue’a,,,

The] coupling attenuation a. which is comparable to thé{results of the absorbing clamp method
sha|l be calculated with the arbitrary determined ngpmalized value Zg = 150 Q:

ag =10-1g-LI 10 19| Leom | 4B, ((10) +[(8))
com r,max
ag =20-Ig| Ui |+10-Ig Zcom }+20-|gUC¢ +10-|g{2'ZS} dB, ((11) 4(9))
| com| L Zdiff 2,max com
a0=20-IgUd—iﬁ+10-Ig{2'Zs}dB, 16)
2,max diff

and|with the-edrrection of the operational attenuation a,,, of the outer system in case of gpen
heafd procedtre:

| | rC il
ag =20 -Ig—diff_| +1O‘Ig[4.ASJ—atube dB, (17)
2,max Zgitt
where Atube :20'|9[U1/U2]d5

8 Test report

The test report shall include:

a) a description of the tested cable and length;
b) the length of the tube;
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c) the test procedure (standard or open head).
9 Requirements

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

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

10 |Plots of coupling attenuation versus frequency (typical results)

Counlinag attenuationfor 105 0O twinax ecable is shown nlotted versus freauenc\van loaaritHmic
S ogpHRgatteAtatioRn o —/vo 2 tWRa - GCaoie 1S SRoWh-prore Ve rsuSHeque Ry Sh1o0gaHtriHG
andl linear seales resnectivelvyin Figaures 4 and 5 The same narameter is plotted for ETP
aRa—HhRear——SscatreSfespectivyetyii——gires—4a4—ahRc—o—nRe—SamepParaneterAS—pProttea—+od T
70 Ko N NN\ /1 Y

b st | b NN\IANM NI A '

_ann/\A/VW\JV\MMJﬁﬂ@VM YW I

Vv v 7
-100 i
~110
-120
10 100 1000
fIMHz
IEC 358/08
Ei  Twi 1051
—40
-50
-60
-7Q Ay N f\w/\nv/\\rj\v J\\,J /\\_//\\ /N /\v
aldB-~ M N\ [V
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IEC 359/08
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pling attefiuation for a 105 Q twinax cable versus frequency on linear scale is showp in
re 8. Ihe’same parameter is shown in Figures 9 and 10 for Cat 7a and Cat 8.2 cable.
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Figure 8 — Coupling attenuation Twinax 105, op n(&/ad procedure

| Twinax 105 — ac(150)/dB open head
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Figure 10 — Coupling attenuation Cat 8.2, open I@hd procedure
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Annex A
(normative)

Insertion loss of absorber with triaxial set-up

For the qualification of absorbers for the triaxial method, a coaxial system can be used. The
test set-up as shown in Figure A.1 consists of a measuring tube with two test heads and an
inner conductor, designed in a way that the measuring tube with the inner conductor forms a
50 Q system. The absorbers to be tested are pushed onto the inner conductor. The
transmission parameter (S,,) is measured with and without absorber. The difference between
the fwo measurements results in the insertion loss of the absorber.

Generator Tube

/ Receiver
A\

7 \

@ /@

Absorber Inner condtictor

IEC
Figure A.1 — Insertion loss of absorbér with triaxial set-up

Examined are both the nanocrystalline absorber as well as the ferrite absorber. The pest
effect over the entire frequency range fromx330 MHz up to 2 GHz was achieved with a
conlbination of nanocrystalline absorbers and/a ferrite absorber.

0 200 400 600 800 1000 1200 1400 1600 1800 2000

IEC

key

Absorberkombination combination of absorbers

Figure A.2 — Insertion loss of absorber with triaxial set-up
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Figure A.2 shows the insertion loss of a combination of nanocrystalline absorbers and ferrite
absorber at a length of 20 cm and 40 cm.

NOTE Attenuation of absorbers depends on the sourrunding. It is higher in a metallic enclosure.
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Annex B
(informative)

Physical background

B.1 Unbalance attenuation «

Screened balanced pairs may be operated in the differential mode (balanced) or the common
mode (unbalanced). In the differential mode, one conductor carries the current +/ and the
oth¢r conductor carries the current —7/; the screen is without current. In the common}rxd)de,
both conductors of the pair carry half of the current +1/2; and the screen is the return path* vith
the current —1. (bés/

Under ideal conditions with ideal cables, both modes are independent of one '\her Actyally
bothh modes influence each other due to differences in the diameter of t ore insulatjon,
unefual twisting and different distances of the pair. The unsymmet% “caused byjthe
capfpcitive unbalance to earth e (transversal unsymmetry) and the diffe e of the inductance
and|resistance between the two wires r (longitudinal unsymmetry).

@‘lx
e=Cqp—Co (B.1)

s\\@

r=(Ry+ jo - Ly) (Rﬁqw (B.2)
QO

The| coupling transfer functions between the t\n@ odes at the near and far ends is then
expfessed by: s\

\(\6

1 $ N |
et [ - elx): Zagt - Zom + r(x)) e~V Feom ) g g
4 Zgis ZCOn\ iff * £com (5.3)

\\0
1 g

Tyg=—- r I(Jw -e(x) "Zdiff * Zcom —r(x)) _e(Vdiff—Vcom) .(l_x)dx (B.4)
4 iff *Zcom 0

Zgied and Z; W@ n principle the same coupling transfer functions compared to the coupling
through the een. The integral may be solved if the distribution of the unsymmetry functions
alonjg th e length is known

Tu,n =

For|a\tonstant unsymmetry along the cable length. the coupling function is expressed by
(similar to the form of the coupling function for cable screens):

Tyf * ) ———5 (B.5)

If the cable is electrically long, there is the same phenomenon as for the coupling through the
screen. Depending on the velocity difference between the differential and the common mode
circuit, the envelope of the transfer function approaches a constant value which is frequency
and length independent. However, if the velocity difference is zero, then the transfer function
at the far end increases by 20 dB per decade over the whole frequency range (S; = 1). In
practice, there are small systematic couplings as well as statistical couplings. Thus 7,
increases by approximately 10 dB per decade and T, ; by less then 20 dB per decade.
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B.2 Screening attenuation ag
The screening attenuation ag is given by

Pr max

=-10x Iog10(Env
)

] (B.6)

At high frequencies and when the cable under test is electrically long:

|P2max| | Zy —~Z¢ |, Z1+Zf | Qy(aj)

A | 60\121 Z3 NE \/5 \/;+\/5| Q\%

For|exact calculation, if feedback from the secondary to the primary cwcu@s negligible,|the
ratip of the far end voltages U, and U, are given by:

(b/
G| | 2% [ im], sk X[ Q;lf

| o | &

12+ (21 R-1)- (- 7793 )| K
QQ

B.3| Coupling attenuation a_ &\}

power, due to irregularities in the ¢ symmetry. For unscreened balanced cables, |this
radiption is related to the unbala attenuation «,. For screened balanced cables, |the
unbplance causes a current in tb\@screen which is then coupled by the transfer impeddnce
and| capacitive coupling mpedqace into the outer circuit. The radiation is attenuated by|the
cable screen and is related t%@le screening attenuation aq.

Balanced cables which are driven in the g’fferenhal mode may radiate a small part of the ipput

Corfsequently, the effg&tiveness against electromagnetic disturbances of shielded balanced
cables is the sum o unbalanced attenuation q, of the pair and the screening attenuaftion
ag of the screen. SC;e both quantities are usually glven in a logarithmic ratio, they may simply
be added to for@‘he coupling attenuation a:

%OQ‘ a.=a,+a
\({/Q (B.9)

Coupling attenuation a. is determined from the logarithmic ratio of the feeding power P, and
the periodic maximum values of the power P, (Which may be radiated due to the peaks of
voltage U, in the outer circuit):

r,max

=-10- Iogm(Env
1

] (B.10)

The relationship of the radiated power P, to the measured power P, received on the input
impedance R is:
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Ps _ Posmax __R (B.11)
P2 P2max 2‘ZS

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.
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Annex C
(informative)

Definition of mixed mode S-Parameters

Mixed mode parameters

The transmission characteristics of four poles or two ports, such as coaxial cables, may be
described by the scattering parameter or abbreviated “S-parameter”. In matrix notation, it is

writ

en as Illustrated in Figure C.1.

a, b ay S11 S12
4 5 - _(s). .
Common b2 az 821 822
port 1 two port
- S -— where «¢ and b are the normaljzed power wavgs of
b, a, the input and output ports.
IEC
Figure C.1 — Common two-port networnk
The] definition of the scattering matrix can be easily extended+to arbitrary N gates. For a fpur-
porf these result in the network illustrated in Figure C.2.
a, as
s B
port 1 port 3 b1 aq 811 812
—
T, b, by | _ (Sstd az | _|S21 S22
1 Common b a S S
four port 3 3 31 32
0 S a bs ag) \Sa1 Sa2
o —— —_—
port 2 port 4
- —
b b
2 ! IEC
Figure C.2 — Common four port network
For|the measurement of symmetrical two-ports the physical ports of the multi-port VNA|are

com

bined into logical ports, as illustrated in Figure C.3.
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balanced port balanced port
VNA VNA
porta | . o portc
i i i i logical
logical VNA DUT ‘ ! UNA 9
porth | —_O\‘ portd
unbalanced balanced port
- _ —
VNA
! \ ' . portc
. VNA | \ ——0: )
logical porta | O—— DUT RV logical

The

Figure C.3 — Physical and logical ports of VNA

SxyAB

T— number of the VNA-port with stimulus

number of the VNA-port with response
modus of the\VNA-port with stimulus
modus ofithé VNA-port with response

0/ portd

nomenclature in Figure C.4 is used.

IEC

IEC

s: single ended (unbalanced, coaxial)

Modus

d: differeqtial mode (balanced)

C

: cefamon mode

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

The

SxyAB =

Figure C.4~ Nomenclature of mixed mode S-Parameters

input signal atVNA-port A at modus x

input signal atVNA-port B at modus y

coRversion of the asymmetrical four-port scattering parameters Sstd to mixed mjode

scaftefirig parameters SMM for a symmetrical two-port network is given by:
S™M _ .88t 1 where
110 0 [deﬂ de12} {Sdcﬂ Sdc12}
o 100 1 (C2) | gmm _[[Sdd21 Sdd22] [Sdc21 Sdc22 ca
2 ; ; (1’ ‘1’ [Scdﬂ Scd12} {80011 Scc12} €3
Scd21 Scd22| [Scc21 Scc2z
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For the measurement of a two-port with an unbalanced port (single ended) and a balanced
port, the following measurement configurations arise (see Figure C.5):

Stimulus
Single Differential Common
ended mode mode
Logical Logical Logical
port 1 port 2 port 2
Single Logical
8 ended port 1 Sss11 Ssd12 Ssc12
s Differential | agical 3 3 3
% mode port 2 ds21 dd22 dc22
[ .
14 Common Logical s s s
mode port 2 cs21 cd22 cc22

The
mod

of t

IEC
Figure C.5 — Measurement configuration, single ended respgnse

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

ne S-parameter Sgy4,. The measurement of the screening attgnuation corresponds

stimulus in common mode and to a response in the unbalaneed (coaxial) mode (si

end

For
are

The

response

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

the measurement of a two-port with two balanced,ports, the following test configurat

obtained (see Figure C.6):
Stimulus
Differential mode Common mode
hogical Logical Logical Logical
port 1 port 2 port 1 port 2
Logical
Differential port 1 de11 de12 Sdc11 Sd<:12
[ mode Logical
g p(?rt 2 de21 de22 Sdc21 Sdc22
o
=3 Logical
é Common port 1 S(:d11 Scd12 S(:c11 Scc12
mode Logical s s
port 2 cd21 cd22 cc21 cc22

IEC
Figure C6 — Measurement configuration, differential mode response

measutement of the attenuation of a balanced pair corresponds to a stimulus an

htial

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

0 a
ngle

ons

d a

 differential mode, i.e. a measurement of the S-parameter Sjj4.

measurement of the unbalance attenuation with stimulus in differential mode and com
mode\résponse corresponds at the near end with the S-parameter S.. 44 Or S..o4
measured at the far end.

C.2

The
on
hen

Reference impedance of VNA

When measuring with 4 port VNA with mixed mode parameters, a full calibration, e.g. with

electronic calibration units shall be achieved. The VNA (Z,

= 50 Q physical analyser ports)

sets the default values reference impedances for the differential mode Zyy = 100 Q (= 2 * Z;)
and for the common mode Zy, = 25 Q (= Z,/2). By renormalisation, the reference impedances

can

be set to the values of the DUT, e.g. to 50 Q common mode.
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compri
Il national electrotechnical committees (IEC National Committees). The object of IECNiS/to pro
imternational co-operation on all questions concerning standardization in the electrical and electronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafteri_referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
in the subject dealt with may participate in this preparatory work. Internationaly"governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance "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.

=i )

IEC Publications have the form of recommendations for interpational 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, IEC Natiohal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in_their national and regional publications. Any diverg
Hetween any IEC Publication and the correspondinginational or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation-0fs conformity. Independent certification bodies provide confo
jzsessment services and, in some areasy\access to |IEC marks of conformity. IEC is not responsible foy
rvices carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn {o)the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

S > 10 0 3 =Z o

ttention is_drawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights.)[EC shall not be held responsible for identifying any or all such patent rights.
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Int?{national Standard IEC 62153-4-9 has been prepared by IEC technical committee

esy’wires, waveguides, RF connectors, RF and microwave passive components

accessories.

This second edition cancels and replaces the first edition published in 2008. This edition
constitutes a technical revision.

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

two test procedures, open head and standard head procedure;
measuring with balun or with multiport respectively mixed mode VNA;

extension of frequency range up to and above 2 GHz.
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text of this International Standard is based on the following documents:
FDIS Report on voting
46/681/FDIS 46/685/RVD

Full information on the voting for the approval of this International Standard can be found in

the

report on voting indicated in the above table.

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

A list of all parts of the IEC 62153 series can be found, under the general title Metpllic

communication cable test methods, on the IEC website.

Thel committee has decided that the contents of this document will remain unchanged untilfthe

stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data related to

the ppecific document. At this date, the document will be

e feconfirmed,

e Wwithdrawn,

o feplaced by a revised edition, or

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

Part 4-9: Electromagnetic compatibility (EMC) —
Coupling attenuation of screened balanced cables, triaxial method

Scope

018

Thig

part of IEC 62153 applies to metallic communication cables. It specifies a test methog

for

detg¢rmining the coupling attenuation ac of screened balanced cables. Due to the goncentric

outd
eled

A w

normal instrumentation from low frequencies up to the limit of defined fransversal wave

the
is li

Mes
test|

The
prog

2

The
con
cite
any

IEC
and|

IEC
con

IEC
con

r tube, measurements are independent of irregularities on the circumference and'exte
tromagnetic fields.

de dynamic and frequency range can be applied to test even super screened cables

outer circuit at approximately 4 GHz. However, when using a balun) the upper frequg
mited by the properties of the balun.

surements can be performed with standard tube procedure (respectively with stang
head) according to IEC 62153-4-4 or with open tube (op&€n’test head) procedure.

procedure described herein to measure the coupling attenuation ac is based on
edure to measure the screening attenuation ag-aecording to IEC 62153-4-4.

Normative references

following documents are referred tovin the text in such a way that some or all of {

 applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

60050-726, International Electrotechnical Vocabulary — Chapter 726: Transmission |
waveguides

TS 62153-4-1( Metallic communication cable test methods — Part 4-1: Electromagn
patibility (EMC) — Introduction to electromagnetic screening measurements

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

ent constitutes requirements of this document. For dated references, only the edJ}ion

rnal

with
5 in
ncy

ard

the

heir

ing

nes

etic

etic

IEC

6215344, Metaftic—commumnicationr cable—test methods—= Part—4=4—Efectrommagr

etic

compatibility (EMC) — Test method for measuring of the screening attenuation as up to and

abo

ve 3 GHz, triaxial method

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

3

Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in IEC 60050-726,

IEC

TS 62153-4-1 and |IEC 62153-4-4, as well as the following symbols apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

is the screening attenuation which is comparable to the results of the absorbing

clamp method in dB;
is the coupling attenuation related to the radiating impedance of 150 Q in dB;
is the unbalanced attenuation;

m,min

Pr,max

is the attenuation recorded as minimum envelope curve of the measured va
in dB;

is the additional attenuation of a possible inserted adapter, if nat. othery
eliminated e.g. by the calibration, in dB;

is the through capacitance of the outer conductor in F/m;

is the vacuum velocity in m/s;

is the differential length operator of integration;

is the vacuum wavelength in m;

is the relative dielectric permittivity of the cable undertest;
is the relative dielectric permittivity of the secondary.circuit;

is a normalised value of the relative dielectric, permittivity of the environment of
cable;

is the frequency in Hz;

is the imaginary operator (square root«¥'minus one);
is the transmission line parameter<inductance;

is the effective coupling length-insm;

is a phase factor in the ratie of the secondary to primary circuit end voltages (U,/1
is the feeding power of the’primary circuit in W;

is the measured powerreceived on the input impedance;
R of the receiver.in-the secondary circuit in W;

is the radiated*power in the environment of the cable, which is comparable
Py, + Py of\the absorbing clamp method in W;

is the_periodic maximum value of the common mode radiated power in W;

issthe radiated power in the normalised environment of the cable under test,
(Zg=150Qand [Av /v =10 % ) in W,

ues

vise

the

2 to

o1 =2n x (fory — oz Jx 117 M
02 =2 x [\fer + e Jx 117 (2)

93 = @2 — @1 =4nx e x 1129 (3)

is the input impedance of the receiver in Q;

is the differential mode termination, Q;

is the summing function;

is the coupling transfer function;

is the input voltage of the primary circuit formed by the cable in V;
is the output voltage of the secondary circuit in V;
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is the radian frequency o;

018

is the (differential mode) characteristic impedance of the cable under test (primary

circuit) in Q;
is the characteristic impedance of the secondary circuit in Q;

com 1S the common mode (unbalanced);

is the nominal characteristic impedance of the differential mode (balanced);

is the capacitive coupling impedance of the cable under test in Q/m,

4.1

Col
eled
pair

The

LE =L Lo J- L]

is the normalised value of the characteristic impedance of the environmént”of
cable;

is the transfer impedance of the cable under test in Q/m;
Principle of the measuring method

General

tromagnetic interference (EMI) taking into account both‘the unbalance attenuation of
and the screening attenuation of the screen.

gen
or

ter
rece

The
rece
The
the

sec
selq

To
diffq
con

rator and is impedance-matched at the near.and far ends. The disturbed circuit (the o

(4)

the

pling attenuation of screened balanced cables describes the overall effect against

the

disturbing circuit (the inner or primary circuit) cénsists of the test cable which is fed by a

uter

econdary circuit) is formed by the solid metallic tube and the short section of the cable
under test covered by the tube. The disturbed circuit (the outer or secondary circuit

inated at the near end in a short circuit~and is terminated at the far end with a calibra
iver or network analyser.

iver or network analyser. For-this measurement a matched receiver is not necess
se voltage peaks are not. dependant on the input impedance of the receiver, provided
input impedance of the.receiver is lower than the characteristic impedance of
bndary circuit. However; it is advantageous to have a low mismatch, for example
cting a range of tube.diameters for several cable sizes.

measure the, coupling attenuation as well as to measure the unbalance attenuatio
rential sighal'is required. This can, for example, be generated using a balun w
verts the-unbalanced signal of a 50 Q network analyser into a balanced signal.

DUT Tube Balanced/unbalanced load

) is
ted

voltage peaks at the far end.of the secondary circuit are measured with a calibrated

ary.
that
the

by

n a
hich

\ /
\ \ Screening cap Receiver

Generator Balun

Tl

IEC

Figure 1 — Coupling attenuation, principle test set-up
with balun and standard tube
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Alternatively, a balanced signal may be obtained by using a vector network analyser (VNA)
having two generators with a phase shift of 180°. Another alternative is to measure with a
multi-port VNA (virtual balun). The properties of balanced pairs are determined
mathematically from the measured values of each single conductor of the pair against
reference ground. The coverable frequency range for the determination of the reflection and
transmissions characteristics of symmetrical pairs is no longer limited by the balun but by the
VNA and the connection technique.

A detailed definition of mixed mode S-parameters for measurements with virtual balun is given
in Annex B.

Thel test set-up (see Figures 1, 2, 3 and 4) is a triaxial system consisting of an outer.\golid
metpllic tube in which the cable under test (CUT) is concentrically positioned.

At the near end, the screen of the screened cable under test is short circuited~with the qolid
metpllic tube.

Pick-up wire Receiver

Tube with open head ] @
\ Ferrite-absorber
NI/ /

Cable under test

\ Remaining cable length, appr. 97 m

Generator Balanced/unbalanced load \
Balun Housi
ousing

IEC

:
|

Figure 2 — Coupling attenuation, principle test set-up with balun and open head

At the far end, the tube can-be‘equipped with a “test head” which can be removed from|the
tub;\for easier connecting(of*the CUT. The set-up according to IEC 62153-4-4 is designated
as the standard procedure, respectively the procedure with standard head. The advantage is
an gverall closed and shielded set-up.

Altgrnatively, thentube can be equipped with an open head at the far end (see Figures 2 jand
4).

4.2| Procedure A: measuring with standard tube (standard head)

The| set“up detailed in Procedure A uses the standard test-head and is in principle the same
as described in IEC 62153-4-4. The screened balanced DUT can be fed either in common
mode or in differential mode. In this way, both, screening attenuation of the screen or coupling
attenuation of the screened pair can be measured. In principle, with the same set-up, also the
transfer impedance of the screen can be measured (taking into account the length of the
DUT).
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Generator Tube Balanced/unbalanced load

=@
/

TP-Connecting unit Cut Screening cap Receiver

Generator

IEC

018

Figlure 3 — Coupling attenuation, principle set-up with multiport VNA and standard hlad

The

CuT

and

4.3

Inc
be {
(usd

DUT shall be matched at the far end in common and differential mode. Return-loss of|

differential mode shall be at least 10 dB.

Procedure B: measuring with open head

ested are concentrically positioned in an outer solid metallic-tube. The remaining le
ally of 100 m length) that extends past the tube is placed’/in a highly shielded box

ase of measuring with open head the first several meters of a.longer length of the cabI’Le to

the

in common and differential mode shall be measured. Values for returnAess in common

gth
and

terminated with common mode and differential mode terminations (see Figure 6). The cable

SCreé
diffe
box

F

en shall be connected with low impedance to the se¢reened box. The center point of

or cable screen (see Figure 6).

Receiver

Cable under test Pick-up wire @

| Tube with open head
\ Absorber
\ J{L_ / __________

Generator ¢ ‘ ‘ ‘

Remaining cable length, appr. 97 m
Generator

Housing

TP-connecting device Balanced/unbalanced load

IEC

igure’4 — Coupling attenuation, principle set-up with multiport VNA and open hea

the

rential mode termination shall be connected via.-the resistor Rg), to the highly screened

At the near end, the screen of the screened cable under test is short circuited with the solid
metallic tube.

At the far end, the tube is let open and the signal is picked up by a “pick up wire”, which is
connected to the screen of the cable under test (see Figure 4). The open tube system can
also be equipped with a “test head” which can be removed from the tube for easier connecting
of the CUT.

At the open end of the tube, absorbers shall be applied to match the system and to avoid back
travelling waves into the system. The attenuation of the absorber shall be at least 20 dB. A
combination of a ferrite absorber and/or nanocrystalline absorber may be used. A procedure
to measure the attenuation of absorbers is given in Annex A.
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5 Screening parameters

5.1 General

To protect a cable against external electromagnetic interference or to avoid radiation into the
environment, the cable is surrounded with screens made of metal foils and/or braids. For
cables used in harsh electromagnetic environments, elaborate shield structures, made of
several layers or magnetic materials, are also used. In case of balanced cables, also the
overall symmetry of the pair contributes to the screening effectiveness in addition to the
screen.

The| sole effect of the screen is described by the transfer impedance and the screening
attenuation. The influence of the symmetry is grasped by the unbalance attenuation. [The
ovefall effect of the screen and the symmetry of the pair (for balanced cables) are_described
by the coupling attenuation.

5.2| Transfer impedance

For|an electrically short screen, the transfer impedance Z7 is defined’as the quotient of|the
longitudinal voltage U, induced to the inner circuit by the current I, fed’into the outer circujt or
vicqg versa, related to length in Q/m or in mQ/m (see Figure 5).

<10

IEC
Figure 5 — Definition of transfer impedance

Thel| test procedure for transfer impedance is described in IEC 62153-4-3. According to|the
defipition it can be measured on shaort cable samples.

5.3| Screening attenuation

The| screening attenuation-ag is the measure of the effectiveness of a cable screen. It is|the
loggrithmic ratio of thefeeding power P4 to the maximum radiated power P ..

With the arbitrary determined normalized value Zg = 150 Q (see IEC 62153-4-4) one gets:

P, P 2Z
ag :10~Ig| 1 |=10-Ig ([ s | dB (6)
|Pr,max| P2 max R |
a5 =20-1g—"1 +1o-lg{2'zs} dB (7)
2,max Z1

whereas R is the input impedance of the receiver. More details are given in IEC TS 62153-4-1
and in I[EC 62153-4-4.

With the arbitrary determined normalized value Zg = 150 Q one gets for screened balanced
cables (in the common mode) the screening attenuation ag:
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Under ideal conditions respectively with ideal cables, both modes are independent from ¢
othe¢r. However under real conditions, both modes influence each other.

The
cou

ratip of the input power in the differential mode Py to the/power which couples to
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Pcom

ag =10-Ig dB

r,max

ag =20-Ig

Ugom +10.|g{2'23} dB

2,max com

Unbalance attenuation

018

(8)

(9)

Ifferential mjode

In the differential mode one conductor

screen is the return path with the current -1, comparable to a coaxial cable.

unbalance attenuation «, of a pair describes in logarithniic, scale how much po
bles from the differential mode to the common mode and yice versa. It is the logarith

mon mode P, [8]1.

Fyitt

com

ay =10-1g dB

it

com

=20-Ig

+10- Ig[z‘;ﬂ} dB
Zgiff

prences in the resistance ofi the conductors, in the diameter of the core insulation, in

capacitance, unequal twisting and different distances of the cores to the screen
e reasons for the unbalance of the pair.

ow frequencies, thie' unbalance attenuation decreases with increasing cable length
imum value_s.similar to the screening attenuation — depending on the type of cable an

ribution of .fhe inhomogeneity along the cable length. Unbalance attenuation may
rmined (for'the near end as well as for the far end of the cable [5].

Coupling attenuation

Scrgene alanced pairs may be operated In two diierent modes: the
(balanced) and the common mode (unbalanced).
carries the current +/ and the other conductor carries the current —/; the screen 4s-without

curnent. In the common mode, both conductors of the pair carry half of the current +7/2,

and

ach

wer
mic
the

10)

11)

the
are

At

er frequencies and/or length, the unbalance attenuation approaches asymptotic to a

] its
be

The coupling attenuation of screened balanced pairs describes the global effect against
electromagnetic interference (EMI) and takes into account both the effect of the screen and

the

symmetry of the pair.

1 Figures in square brackets refer to the Bibliography.
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Measurement

General

Measurements can be performed with a two-port VNA and balun (see Figures 1 and 2) or with
multiport or mixed mode VNA and connecting unit (see Figures 3 and 4) both with standard
tube, respectively with standard test head, or with open test head procedure.

6.2

To

Equipment

meastre—tha counlina attanuation ags wall 9¢ 6 magasurg thg unhalaonecg attgnuatia
HEa-sHH A HHp-HRg—aHehRdaHoh—a We+H+—a-S—o0—R-eastH H HHoa+ah SHeRHaH

diffe
con
sign

Altel
hav
mul
mat
refe
tran
VNA

Ad

The

6.3

rential signal is required. This can, for example, be generated using a balun-w
verts the unbalanced signal of a 50 Q network analyser into a balanced (usually~10
al.

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 10, measure wi
i-port VNA (virtual balun). The properties of balanced paits are determi

rence ground. The coverable frequency range for the determinatien of the reflection
smissions characteristics of symmetrical pairs is no longer limited by the balun, but by
A and the connection technique.

btailed description of mixed mode parameters is given_in Annex C.

measurement set-ups are shown in Figures 1 to’4 Jand consist of:

b metallic non ferromagnetic tube with a length sufficient to produce a superimpositio
vaves in narrow frequency bands which enable the envelope curve to be drawn; the
nead of the tube may be standard head~according to IEC 62153-4-4 (Figures 1 and 3
bpen head (Figures 2 and 4)

b two port network analyser wheén measuring with balun (a separate generator
receiver may also be used);

b balun for impedance matching of an unbalanced generator output signal to
Characteristic impedance of-balanced cables; or

b Twisted Pair (TP)-connecting unit when measuring with multiport respectively with m
mode VNA,;

hbsorber rings((ferrite or nanocrystalline) with an attenuation a,pgorper > 20 dB in
measured frequéency range when using the open head method;

metallic boXes to shield the balun and the remaining cable length including the matc
resistorsswhen using the open test head method.

Balun requirements

, a
nich
Q)

NA)
h a
ned

hematically from the measured values of each single conducton of the pair agdginst

and
the

n of
test
) or

and

the

xed

the

ning

A balun may be required to match the output impedance of the generator (a balun is not
required when a balanced output generator is used) to the nominal characteristic impedance
of the cable under test. The balun performance requirements are specified in Table 1.

The attenuation of the balun shall be kept as low as possible because it will limit the dynamic
range of the coupling attenuation measurements.
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Table 1 — Balun performance characteristics (1 MHz to 1 GHz)

Parameter Value
Impedance, primary? 50 Q (unbalanced)
Impedance, secondary® 100 Q or 150 Q (balanced)
Insertion loss® (including matching pads if used) <10 dB
Return loss, bi-directional >6dB
Power rating To accommodate the power of the generator and
amplifier (if applicable)
Oufput signal balance? > 50 dB from 1 MHz to 30 MHz

> 50 dB from 30 MHz to 100 MHz
> 30 dB from 100 MHz to 1 GHz

Primary impedance may differ if necessary to accommodate analyser outputs other than 50)Q:

Balanced outputs of the test baluns should be matched to the nominal impedance of the symmetrical c3
pair. 100 Q should be used for termination of 120 Q cabling.

The insertion loss of a balun shall be mathematically deduced from three insertion’loss measurements
three baluns back-to-back (see also IEC 62153-4-5).

Measured per ITU-T Recommendations G.117 [1] and O.9 [2].

ble

ith

6.4

When measuring with “virtual balun”, a TP connecting unit is required. See Table 2.

TP-connecting unit requirements

Table 2 - TP-connecting unitiperformance characteristics
(1 MHzto 2 GHz)

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

Attgnuation, differential mode® <0,3dB

Unbalance attenuation (TGTL)¢ > 60 dB-10*log (f), 40 dB max.

2 |Two ports withasingle ended impedances of 50 Q generate 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 mode network analyser. One logical port is generated by [the
combination of two single ended ports. A second logical port is generated by the combination of two other
single-ended ports. The absolute dB value of the S-parameter S,,,, then represents the return loss of the
diffefential mode.

¢ With the test set-up according to P, the absolute dB value of the S-parameter Syq42¢ then represents the
attenuation of the differential mode.

d  With the test set-up according to P, the absolute dB value of the S-parameter S.421 then represents the
unbalance attenuation (TCTL).

6.5 Sample preparation

A differential mode termination is required for each pair at the near and far end of the cable.

A
Rom =5 (12)

2
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The termination of the common mode (Rpy//Rppm + Rowm) iS under consideration.

NOTE Since modern mixed mode VNAs use a 25 Q generator and receiver impedance as default value for the
common mode (see Clause C.2), a value of zero Q for R, respectively a short circuit, is used in general.

6.6

Balun or TP- Cable under test
connecting unit R

T
Network VPEVE, g

analyser 7
R
generator oM oM
or
SigrTat-generator

Screen
IEC

Figure 6 — Termination of the cable under test with balun feeding

Procedure

The| pair under test is terminated at the far end by differential and common mode terminat

acc

brding to Figure 3. The sample is then<eentered in the tube and fed by a generator in

diffgrential mode via a balun or with multiport or mixed mode VNA.

The| quotient of the voltages at the output of the outer circuit and the input of the cabl
megsured, either directly by a network analyser or with a calibrated step attenuator (assun

that

gen

Onl
sha
env

prator (R = Z,)) which is inserted as an alternative to the triaxial apparatus.

| be measured and recorded as a function of the frequency in order to determine
blope curve.

Attdnuation\introduced by the inclusion of adapters, instead of direct connection, shal
taken intoraccount when calibrating the triaxial apparatus.

Wh

ons
the

e is
ning

the receiver has the same input impedance as the output impedance of the signal

y the peak values-~of the maximum of the voltage ratio or the minimum of the attenualtion

the

be

2| AWANW. A

H 14 4 H P~ $ L I'H £ L 4 hal
L} UOIIIU mrunrpuirt Ul TTITATU LLLA®A% A~ VINTA, d LUNTPITCLo vainviratult Ul (<01 pUTLo  oliarn

{ be

performed according to the specification of the manufacturer, e.g. by using an electronic

cali

bration kit.

The voltage ratio measured is not dependent on the diameter of the outer tube of the triaxial
test set-up nor on the characteristic impedance Z, of the outer system, provided that Z, is

larg

6.7

er than the input impedance of the receiver.

Test length

The coupling length is electrically long, if
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or (13), (14)

ﬂ'%SZX

6.8 Measurement precautions

Co

>
2x1x%

The cable under test shall be positioned concentric in the tube to obtain homogeneous wave
propagation.

The balun (if applicable) and the remaining cable length including the matching resistors (in
case¢ of open head procedure), shall be positioned in a well-screened box to ayoid
disthrbances from outside into the test set-up as well as to avoid radiation from the test set-

up.

It is|important to place the absorber rings as near as possible to the receiver-side of the fube
to apsorb interfering, backward travelling waves.

7 |Expression of results

7.1 Procedure A: measuring with a standard head

The| attenuation of the balun or of the TP-connecting , unit’ shall be subtracted from |the
me3asuring results.

The] voltage ratio Ui/ Usmay Shall be measured withucalibrated VNA (or calibrated generptor
and|receiver) and corrected with regard to the influence of test leads and connecting units.

The] coupling attenuation a, which is comparable to the results of the absorbing clamp method
sha|l be calculated with the arbitrary determined normalized value Zg = 150 Q:

al =10.|gPd—iff +1o-|gpcﬂ dB, ((10) 4(8))
com r,max
ac :20-Ig‘ Uit +1o-|g{Z°°m }+20-|9U°¢ +10-Ig{ﬂ} dB, ((11) +{(9))
‘ com‘ Z iff 2,max com
. 2.7
4 = 20-1g-Zdift_ +10~Ig{—s} 15)
2,max Z giff

7.2 Procedure B: measuring with an open head

The attenuation of the balun or of the TP-connecting unit shall be subtracted from the
measuring results.

The voltage ratio Ui/ Usmay Shall be measured with calibrated VNA (or calibrated generator
and receiver) and corrected with regard to the influence of test leads and connecting units.
The operational attenuation ay,,, = 20-1g(U4/U,) of the outer system of the test set-up shall be
measured according to Figure 7 in case of open head procedure with the same absorber and
DUT configuration as used during the coupling attenuation measurement:
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Figure 7 — Test set-up to measure a;,,

DUT Absorber

IEC

The| coupling attenuation a, which is comparable to the results of the‘absorbing clamp method

shall be calculated with the arbitrary determined normalized value Zg = 150 Q:

Fif

com

az =10-1g +10-1g

ac :20-Ig| Uit |+10-Ig

com

Zcom } +2071g
| Zdiff

ag :20.|9Udi

U2,max

and|with the correction of the.operational attenuation a; . of the outer system in case of o

head procedure:

Uit

2,max

ac. =20-1g

whdre

PCOITI

dB, ((10) +
+10-Ig{2'zs} dB, ((11) 4
com
2-Zg }dB
Z gt

+10~Ig{

2.7
+10-1 S
g[z

}_atube dB,

aybe =20-1g[U1 /U ]dB

(8))

9)

pen

17)

8 Test report

The test report shall include:

a) a description of the tested cable and length;
b) the length of the tube;
c) the test procedure (standard or open head).

9 Requirements

The results of the minimum coupling attenuation shall 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.

10 Plots of coupling attenuation versus frequency (typical results)

Coupling attenuation for a 105 Q twinax cable versus frequency on linear scale is shown in
Figure 8. The same parameter is shown in Figures 9 and 10 for Cat 7a and Cat 8.2 cable.
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Figure 8 — Coupling attenuation Twinax 105, open head procedure
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Figure 9 — Coupling attenuation Cat 7a, standard head procedure
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Figure 10 — Coupling attenuation Cat 8.2, open_héad procedure
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Annex A
(normative)

Insertion loss of absorber with triaxial set-up

For the qualification of absorbers for the triaxial method, a coaxial system can be used. The
test set-up as shown in Figure A.1 consists of a measuring tube with two test heads and an
inner conductor, designed in a way that the measuring tube with the inner conductor forms a
50 Q system. The absorbers to be tested are pushed onto the inner conductor. The
transmission parameter (S,,) is measured with and without absorber. The difference between
the fwo measurements results in the insertion loss of the absorber.

Generator Tube

Receiver

A\

\

=L

Absorber Inner condtictor

IEC

Figure A.1 — Insertion loss of absorber with triaxial set-up

Examined are both the nanocrystalline absorber as well as the ferrite absorber. The Ppest
effect over the entire frequency range from<30 MHz up to 2 GHz was achieved with a
conlbination of nanocrystalline absorbers and’a ferrite absorber.
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-120
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key

Absorberkombination combination of absorbers

Figure A.2 — Insertion loss of absorber with triaxial set-up
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Figure A.2 shows the insertion loss of a combination of nanocrystalline absorbers and ferrite
absorber at a length of 20 cm and 40 cm.

NOTE Attenuation of absorbers depends on the sourrunding. It is higher in a metallic enclosure.
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Annex B
(informative)

Physical background

B.1 Unbalance attenuation «

Screened balanced pairs may be operated in the differential mode (balanced) or the common
mode (unbalanced). In the differential mode, one conductor carries the current +/ and the
oth¢r conductor carries the current —/; the screen is without current. In the common mdde,
both conductors of the pair carry half of the current +1/2; and the screen is the return path' ith
the current —1.

Under ideal conditions with ideal cables, both modes are independent of one another. Actyally
both modes influence each other due to differences in the diameter of the eore insulafion,
unepual twisting and different distances of the pair. The unsymmetry -is caused by [the
capfpcitive unbalance to earth e (transversal unsymmetry) and the difference of the inductance
and|resistance between the two wires r (longitudinal unsymmetry).

e=Co—Cg (B.1)

=(R2+ ja)~L2)—(R1+ja)-L1) (32)

The| coupling transfer functions between the two modes at the near and far ends is then
expfessed by:

1
1 (g .

Tyn=— _[ Jo - e Zdlff Zcom +r( )) € (i +7com ) Fdx (B.3)
4 \/Zdlff "Zcom 0
1 1 1

Tyt =— = . _[(jw 'e(x) “Z diff * Z com —r(x)) 'e(ydiﬁ_ycom) '(l_x)dx (B.4)
4 Z it - Zcom 0

Zgiid and Z,care in principle the same coupling transfer functions compared to the coupling

through the(screen. The integral may be solved if the distribution of the unsymmetry functions
along thescable length is known.

Forla~Constant unsymmetry along the cable length, the coupling function is expressed by
(similar to the form of the coupling function for cable screens):

Tu? :(jw‘e'zdiﬁ‘zcom i’")'—’_‘SP (B.9)

\/Zdiff 'Zcom 4

If the cable is electrically long, there is the same phenomenon as for the coupling through the
screen. Depending on the velocity difference between the differential and the common mode
circuit, the envelope of the transfer function approaches a constant value which is frequency
and length independent. However, if the velocity difference is zero, then the transfer function
at the far end increases by 20 dB per decade over the whole frequency range (S; = 1). In
practice, there are small systematic couplings as well as statistical couplings. Thus 7, ,
increases by approximately 10 dB per decade and T, ; by less then 20 dB per decade. ’
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B.2 Screening attenuation ag

The screening attenuation ag4 is given by

R’ max

1

=-10x Iogn{Env j (B.6)

At high frequencies and when the cable under test is electrically long:

|P2max| | Zy —Zp | ZI1+Zf |

Al w\/Z122 |\/:\/$ Ver1+erz |

For|exact calculation, if feedback from the secondary to the primary circuithis negligible,|the
rati¢p of the far end voltages U, and U, are given by:

1 .
C()-Z»]

U2

ZmZe e ZitZe | Se|

| % |

12+ (2 /RA)-[1-c 7773

B.3| Coupling attenuation a_

Balanced cables which are driven in the differential mode may radiate a small part of the ipput
power, due to irregularities in the cable symmetry. For unscreened balanced cables, [this
radigtion is related to the unbalanced attenuation «,. For screened balanced cables, |the
unbplance causes a current in the)screen which is then coupled by the transfer impeddnce
and| capacitive coupling impedance into the outer circuit. The radiation is attenuated by|the
cable screen and is related to.the screening attenuation ag.

Consequently, the effettiveness against electromagnetic disturbances of shielded balanced
cables is the sum of'the unbalanced attenuation q, of the pair and the screening attenuaftion
ag of the screen. Singe both quantities are usually given in a logarithmic ratio, they may simply
be added to formithe coupling attenuation a:

a, = a, +ag B.9)

Coupling attenuation a. is determined from the logarithmic ratio of the feeding power P, and
the periodic maximum values of the power P, (Which may be radiated due to the peaks of
voltage U, in the outer circuit):

IDI' max

=-10- Iog10(Env
1

J (B.10)

The relationship of the radiated power P, to the measured power P, received on the input
impedance R is:
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Ps _ Psmax _ R (B.11)

Py Pymax 2Zs

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.
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Annex C
(informative)

Mixed mode parameters

Definition of mixed mode S-Parameters

The transmission characteristics of four poles or two ports, such as coaxial cables, may be
described by the scattering parameter or abbreviated “S-parameter”. In matrix notation, it is

writ

en as illustrated in Figure C.1.

& & by ar|_(S11 S12) (@
4 - () |- :
Common by az Sa1 S22 \az
port 1 two port port 2
- S —_— where a and b are the normalized power wavgs of
b, a, the input and output ports.
IEC
Figure C.1 — Common two-port network
The| definition of the scattering matrix can be easily extended-to arbitrary N gates. For a fpur-
por{ these result in the network illustrated in Figure C.2.
a, as
s B
port 1 port 3 by ar ) (S11 S12 Siz S ) (@
—
T, A by _(Sstd ap | |S21 Sz Szz Spq | |a2
1 Common : by |~ a3 | |S31 Ssy Ssz Sus|la
four port 3 3 31 932 933 943 3
0 s a by as) \Sa1 Sa2 Suz Sas) \ay
o —— —_—
port 2 port 4
- -—
b b
2 ! IEC
Figure C.2 — Common four port network
For|the measurement of symmetrical two-ports the physical ports of the multi-port VNA|are

conm

bined into logical ports, as illustrated in Figure C.3.
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balanced port balanced port
VNA SO ;U UNA
porta | O_\ . o portc
i . . i 1 logical
logical WNA | : DUT | ! VNA
L 0—— ——O0 | portd
port b } | | ;
unbalanced balanced port
- /A ~
T — VNA
! | ! . portc
. VNA | \ ——O‘, )
logical porta | O—— DUT : RV logical
L 0 [ portd
h IEC

Figure C.3 — Physical and logical ports of VNA

Thel nomenclature in Figure C.4 is used.

SxyAB

T— number of the VNA-port with stimulus

number of the VNA-port with response

modus of the\VNA-port with stimulus

modus ofithé VNA-port with response
IEC

s: single ended (unbalanced, coaxial)

Modus | d: differential mode (balanced)

c: cemmon mode

Figure C.4~— Nomenclature of mixed mode S-Parameters

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

input signal at VNA-port A at modus x
input signal atVNA-port B at modus vy

—
CJ
—_

~

SxyAB =

The| cohversion of the asymmetrical four-port scattering parameters Sstd to mixed mjode
scaftering parameters SMM for a symmetrical two-port network is given by:

smm _ jy.gstd 1 where
1-10 0 {deﬂ de12} |:Sdc11 Sdc12}
Y R (C2) | gmm _|[Sdd21 Sdd22] [Sdc21 Sdc2z -
2(1) ; (1) (1’ {Scdﬂ Scd12} {80011 Scc12} '
Sca21 Scd22 | | Sce21 Sce22
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For the measurement of a two-port with an unbalanced port (single ended) and a balanced
port, the following measurement configurations arise (see Figure C.5):

Stimulus
Single Differential Common
ended mode mode
Logical Logical Logical
port 1 port 2 port 2
Single Logical
3 ended port 1 Sss»11 Ssd12 Ssc12
S Differential | agical 3 3 3
% mode port 2 ds21 dd22 dc22
[ .
14 Common Logical s s s
mode port 2 cs21 cd22 cc22

The

mod

of t

IEC
Figure C.5 — Measurement configuration, single ended response

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

ne S-parameter Sg41,. The measurement of the screening attenuation corresponds

stimulus in common mode and to a response in the unbalanced (coaxial) mode (si

end

For
are

The
resf
med
moq

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

the measurement of a two-port with two balanced,ports, the following test configurat

obtained (see Figure C.6):
20 Stimulus
Differential mode Common mode
hogical Logical Logical Logical
port 1 port 2 port 1 port 2
Logical
Differential port 1 de11 de12 Sdc11 Sd<:12
@ mode Logical
2 pogrt 2 de21 de22 Sd¢:21 Sdc22
o
=3 Logical
é Common Y port1 S(:d11 Scd12 S(:c11 Scc12
mode Logical
pogrt 2 S<:d21 Scd22 Scc21 cc22

IEC
Figure C:6 — Measurement configuration, differential mode response

measurement of the attenuation of a balanced pair corresponds to a stimulus an

ntial

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

0 a
ngle

ons

d a

onse<in differential mode, i.e. a measurement of the S-parameter Sjj54.
surement of the unbalance attenuation with stimulus in differential mode and com
e\response corresponds at the near end with the S-parameter S_.444 Or S_4o4

The
on
hen

measured at the far end.

Cc.2

Reference impedance of VNA

When measuring with 4 port VNA with mixed mode parameters, a full calibration, e.g. with
electronic calibration units shall be achieved. The VNA (Z, = 50 Q physical analyser ports)
sets the default values reference impedances for the differential mode Zyq = 100 Q (= 2 * Z;)
and for the common mode Z,, = 25 Q (= Zy/2). By renormalisation, the reference impedances

can

be set to the values of the DUT, e.g. to 50 Q common mode.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODES D’ESSAIS DES CABLES
METALLIQUES DE COMMUNICATION -

Partie 4-9: Compatibilité électromagnétique (CEM) — Affaiblissement

—de-couplage-des—cables-symétriques-éecrantés;méthode-triaxiale—
AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale ~de\ normalisgtion
omposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de|EC). L’'IEC a |pour
bjet de favoriser la coopération internationale pour toutes les questions de normalisatigh dans les domgines
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités -~publie des Nofmes
ternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessiblep au
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée q des
omités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer] Les
rganisations internationales, gouvernementales et non gouvernementales, (én tiaison avec I'lEC, partic|pent
galement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (IISO),
elon des conditions fixées par accord entre les deux organisations.

2) Ues décisions ou accords officiels de I'lEC concernant les questions\téchniques représentent, dans la mgsure
u possible, un accord international sur les sujets étudiés, étant‘donné que les Comités nationaux de |'IEC

téressés sont représentés dans chaque comité d’études.

S Q- 0O O0T ="Q 0O [~

3) Ues Publications de I'lEC se présentent sous la forme defecommandations internationales et sont agrgées
omme telles par les Comités nationaux de I'lEC. Tous I€s ‘efforts raisonnables sont entrepris afin que |'IEC
assure de l'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de

Eventuelle mauvaise utilisation ou interprétation qui gn“est faite par un quelconque utilisateur final.

®w O -

4) Dans le but d'encourager I'uniformité internationaleyles Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparenie Tes Publications de I'lEC dans leurs publications nationales
t régionales. Toutes divergences entre toutes”Publications de I'lEC et toutes publications nationalef ou

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

o O N I |

5) YIEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
burnissent des services d'évaluation(de conformité et, dans certains secteurs, acceédent aux marquep de
onformité de I'IlEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification

dépendants.

S Q oh

6)
7)

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

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaireg ou
andataires, y comprissses experts particuliers et les membres de ses comités d'études et des Conités
ationaux de I'IlEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout gutre
ommage de queldue) nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les|frais
e justice) et leshdépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
bute autre Publication de I'l|EC, ou au crédit qui lui est accordé.

8) Uattention(est attirée sur les références normatives citées dans cette publication. L'utilisation de publicajions

Eférencées est obligatoire pour une application correcte de la présente publication.

S QO QO 0 3 >

9) Uattention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent [faire
I'lobjet’de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
€ brevets et de Ne pas avolr signate [eur existence.

La Norme internationale |IEC 62153-4-9 a été établie par le comité d'études 46 de I'lEC:
Cables, fils, guides d'ondes, connecteurs, composants passifs pour micro-onde et
accessoires.

Cette deuxiéme édition annule et remplace la premiére édition, parue en 2008. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente:
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— deux procédures d'essai: a téte ouverte et a téte normalisée;

— mesure avec un symétriseur ou avec un analyseur de réseau vectoriel en mode mixte ou

multiport;

— extension de la plage de fréquences jusqu'a 2 GHz et au-dela.

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

FDIS Rapport de vote

46/681/FDIS 46/685/RVD
Le fapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote.ayant
abopti a I'approbation de cette Norme internationale.
Ce flocument a été rédigé selon les Directives ISO/IEC, Partie 2.
Ung liste de toutes les parties de la série IEC 62153, publiées sous le titre général Méthddes
d’e4sais des cables métalliques de communication, peut étre consultée sur le site wel de
'MEC.
Le comité a décidé que le contenu de ce document ne sera pas modifié avant la datgd de
stahilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette date, le document sera
e feconduit,
e Bupprimé,
e femplacé par une édition révisée, ou
e Bmendé.
IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture [de

ce

Cco

utiles a une bonne compréhension de son contenu. Les utilisateurs devraient, q

nséquent, imprimer cette publication en utilisant une imprimante couleur.

tte publication indique qu’elle contient des couleurs qui sont considérées comme

yar
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METHODES D’ESSAIS DES CABLES
METALLIQUES DE COMMUNICATION -

Partie 4-9: Compatibilité électromagnétique (CEM) — Affaiblissement
de couplage des cables symétriques écrantés, méthode triaxiale

018

La

spé
cab
ind4
extsq

Undg
cab

présente partie de I'lEC 62153 s'applique aux cables métalliques de communication.
Cifie une méthode d'essai pour la détermination de I'affaiblissement de couplage, ac
es symétriques écrantés. Grace au tube concentrique extérieur, les cmesures

rnes.

large plage dynamique de fréquences peut étre appliquée pour seumettre aux essais
es méme fortement écrantés avec des instruments normaux depuis les bag

fréquences jusqu’a la limite des ondes transversales définies dans)le circuit externe a enyv

4G
pa

=

Des

Hz. Toutefois, lorsque des symétriseurs sont utilisés, la fféquence supérieure est lim
les propriétés des symétriseurs.

mesures peuvent étre réalisées en suivant_{a procédure a tube normalisé (

normalisée) selon I'EC 62153-4-4 ou la procédure _a‘tube ouvert (téte ouverte).

La
prod

2

The
con
cite
any

IEC
tran

IEC
corn

procédure de mesure de I'affaiblissement‘de couplage, aq, décrite ici est fondée su
édure de mesure de l'affaiblissement d'éCran, ag, de IEC 62153-4-4.

Références normatives

Elle
de
sont

pendantes des irrégularités de la circonférence et des champs électromagnétiques

des
ses
ron
itée

téte

r la

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

 applies. For undated teferences, the latest edition of the referenced document (inclu
amendments) applies.

60050-726, Vocabulaire Electrotechnique International (VEI) — Chapitre 726: Lignes
smission et guides d'ondes

TS 62153-4-1, Metallic communication cable test methods — Part 4-1: Electromagn
patibility (EMC) — Introduction to electromagnetic screening measurements (disponiblg

ang

ais seulement)

ent constitutes requirements of this document. For dated references, only the edl}ion

heir

ing

de

etic
b en

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

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

abo

ve 3 GHz, triaxial method (disponible en anglais seulement)

IEC 62153-4-5, Méthodes d'essai des cables de métalliques de communication — Partie 4-5:
Compatibilité électromagnétique (CEM) — Affaiblissement d'écran ou de couplage — Méthode
de la pince absorbante
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3 Termes, définitions et symboles

Pour les besoins du présent document, les termes et définitions de I'lEC 60050-726,
I''EC TS 62153-4-1 et I'lEC 62153-4-4 ainsi que les symboles suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

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

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

m,min

est l'affaiblissement d'écran, comparable aux résultats de la méthode par.pjnce
absorbante en dB;

est I'affaiblissement de couplage lié a une impédance de rayonnement,de 150 Q en
dB;

est I'affaiblissement d0 a la dissymétrie;

est I'affaiblissement enregistré comme la courbe d’enveloppe minimale des valgurs
mesurées en dB;

est I'affaiblissement supplémentaire d’'un éventuel adaptateur inséré, s’il n’a pas|été
éliminé par exemple par I’étalonnage, en dB,

est la capacité de traversée du conducteur extérieut . en F/m;
est la vitesse dans le vide en m/s;

est l'opérateur d'intégration de longueur difféfentielle;

est la longueur d'onde dans le vide en m;

est la permittivité diélectrique relative‘du cable en essai;

est la permittivité diélectrique relative’ du circuit secondaire;

est une valeur normalisée de la\permittivité diélectrique relative de I'environnenpent
du céable;

est la fréquence en Hz;

est I'opérateur imaginaire (racine carrée de moins 1);
est lI'inductance d'une ligne de transmission;

est la longueuride couplage effective en m;

est un facteur de phase dans le rapport entre la tension de sortie du cifcuit
secondaire-et la tension de sortie du circuit primaire (U4/U5);

est lapuissance d'alimentation du circuit primaire en W;
esta puissance mesurée regue sur l'impédance d'entrée;

R du récepteur dans le circuit secondaire en W;

est la pnicennrn raynnm:’:n dans l'environnement du cable; rnmpnrahln a P‘” + P | de

r,max

la méthode par pince absorbante in W;

est la valeur maximale périodique de la puissance rayonnée en mode commun en W;
est la puissance rayonnée dans I'environnement normalisé du cable en essai,
(Zg=150Q et |[Av/vy| =10 % ) en W,

o <2x < 11 o
02 =21 x ({forr + e Jx 114g (2)

@3 =po —p1=4nx e x11 i (3)

est 'impédance d’entrée du récepteur en Q;
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Rpm est la résistance de terminaison du mode différentiel en Q;

S est la fonction somme;

T est la fonction transfert de couplage;

U, est la tension d’entrée du circuit primaire formé par le cable en V;

U, est la tension de sortie du circuit secondaire en V;

Q est la fréquence angulaire o;

Z4 est I'impédance caractéristique (en mode différentiel) du cable en essai (circuit
primaire) en Q;

Zy est I'impédance caractéristique du circuit secondaire en Q;

Zcomh est le mode commun (dissymétrique);

Zgifs est I'impédance caractéristique nominale du mode différentiel (symétrique);

Zg est I'impédance de couplage capacitive du cable en essai en Q/m,

4.1

L'af]

Zp=Zy-Zy-j-2:m-f-Cy (4)

est la valeur normalisée de l'impédance caractéristique de l'‘environnement du cable;

est I'impédance de transfert du cable en essai en Q/m.
Principe de la méthode de mesure
Généralités

faiblissement de couplage de cébles symétriques écrantés décrit I'effet global contre| les

perfurbations électromagnétiques (EMI)1 tenant“compte a la fois de I'affaiblissement da j la

disdymétrie de la paire et de I'affaiblissement‘d'écran.

Le

Circuit perturbateur (circuit interné’ou primaire) est constitué du cable d'essai qui|est

alimenté par un générateur et dont l'impédance est adaptée a I'extrémité proche gt a

mét
per

a I'gxtrémité éloignée par.un‘récepteur étalonné ou un analyseur de réseau.

Les

I'ex[];émité éloignée. Le circuit perturbé (circuit externe ou secondaire) est formé du tube

lligue solide et de la sectien courte du cable en essai recouverte par le tube. Le cifcuit
urbé (circuit externe ou-secondaire) est terminé a I'extrémité proche par un court-circuft et

crétes de tension au niveau de I'extrémité éloignée du circuit secondaire sont mesurégs a

I'aide d'un récepteur étalonné ou d'un analyseur de réseau. Pour cette mesure, un récepteur

ada

pté n’est pasinécessaire. Ces crétes de tension ne sont pas dépendantes de I'impédance

d’entrée du-técepteur, a condition que cette derniére soit inférieure a I'impédance
caractéristique du circuit secondaire. Toutefois, il est avantageux d’avoir un faible défaut

d’aqg
taill

Pou

aptation, par exemple en choisissant une plage de diamétres de tubes pour plusigeurs
bside cables.

r mesurer I'affaiblissement de couplage, mais aussi pour mesurer |'affaiblissement dd a la

dissymétrie, un signal différentiel est exigé. Cela peut, par exemple, étre généré en utilisant
un symeétriseur qui convertit le signal dissymétrique d'un analyseur de réseau de 50 Q en un
signal symétrique.

1 En anglais, EMI = electromagnetic interference.
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Dispositif en essai Tube Charge symétrique/dissymétrique

O =
\ \ Couvercle d'écran Récepteur

Générateur Symétriseur

IEC

Figure 1 — Affaiblissement de couplage, principe de montage d'essai
avec symétriseur et tube normalisé

En |variante, un signal symétrique peut étre obtenu en utilisant un analyseur de réseau
vecloriel (VNA)2 ayant deux générateurs avec déphasage de 180°. Une_.autre alterngtive
conpiste a effectuer la mesure avec un analyseur de réseau vectoriel multiport (symétrigeur
virtyel). Les propriétés des paires symétriques sont déterminées mathématiquement a partir
des|valeurs mesurées de chaque conducteur de la paire par rapport,a-la terre de référence.
La plage de fréquences pouvant étre couverte pour la détermination des caractéristiqueg de
réflgxion et de transmission des paires symétriques n'est plus limitee par le symétriseur, mais
par ['analyseur de réseau vectoriel et la technique de connexian.

=

Ung définition détaillée des parameétres S en mode smixte pour des mesures avec| un
symeétriseur virtuel est donnée a I'Annexe B.

Le montage d'essai (voir les Figures 1, 2, 3 et 4) est un systéme triaxial constitué d'un t|ube
métpllique solide externe dans lequel le céble en essai (CUT)3 est placé de manfére
congentrique.

A llextrémité proche, I'écran du cablei*en essai écranté est court-circuité avec le fube
métallique solide.

Fil de détection Récepteur

Tube & téte ouverte ] :
___________ | \ Absorbeur en ferrite
I /

\ long. de cable restante, env. 97 m

Générateur Charge symétrique/dissymétrigue
Syméfriseur

Cable en essai

4,{
|

Boitier
IEC

Figure 2 — Affaiblissement de couplage, principe de montage d'essai
avec symétriseur et téte ouverte

A l'extrémité éloignée, le tube peut étre équipé d'une "téte d'essai" qui peut étre retirée du
tube pour faciliter la connexion du céable en essai. Le montage décrit dans I'lEC 62153-4-4 est
désigné comme étant le montage de la procédure normalisée (procédure a téte normalisée). Il
présente I'avantage de constituer un montage écranté et entiérement fermé.

2 En anglais, VNA = vector network analyser.

3 En anglais, CUT = cable under test.
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En variante, le tube peut étre équipé d'une téte ouverte a I'extrémité éloignée (voir les
Figures 2 et 4).

4.2

Procédure A: mesure avec un tube normalisé (téte normalisée)

Le montage détaillé dans la procédure A utilise une téte d'essai normalisée et est en principe
le méme que celui décrit dans I'lEC 62153-4-4. Le dispositif en essai (DUT)4 symétrique
écranté peut étre alimenté en mode commun ou en mode différentiel. De cette fagon,
I'affaiblissement d'écran de I'écran ou l'affaiblissement de couplage de la paire écrantée
peuvent étre mesurés. En principe, I'impédance de transfert de I'écran peut étre mesurée

ave

c le méme montage (en tenant compte de la lonqueur du dispositif en essai).

Le
diffq
I'aff
valg
10 ¢

4.3

En
cab
soli

tube est placée daps~un boitier fortement écranté et terminée par des sorties en m

conj
bofit
étre
I'éc

Générateur Tube Charge symétrique/dissymétrique

/

: )
X /

Unité de connexion TP Céble en essai Couvércle’d'écran Récepteur

Générateur
IEC

Figure 3 — Affaiblissement de couplage, principe de montage d'essai avec
un analyseur de réseau vectoriel multiport et une téte normalisée

ispositif en essai doit étre adapté a I'extrémite éloignée en mode commun et en m
rentiel. L'affaiblissement de réflexion du cable en essai en mode commun
hiblissement de réflexion du cable en essai en mode différentiel doivent étre mesurés.
urs de l'affaiblissement de réflexion ensmode commun et en mode différentiel doivent
B au minimum.

Procédure B: mesure avec.une téte ouverte

cas de mesure avec unestéte ouverte, les premiers meétres d'une plus grande longueu
e a soumettre a un essai sont placés de maniére concentrique dans un tube métalli
je externe. La longueur restante (généralement 100 m de long) qui s'étend au-del3

mun et en mode~différentiel (voir la Figure 6). L'écran du cable doit étre connecté
er écranté par Une faible impédance. Le point central de la sortie en mode différentiel
connecté)par l'intermédiaire de la résistance Rq), au boitier fortement écranté o
an du cable (voir la Figure 6).

ode

et
Les
Btre

F du
que

du
ode

au
doit
u a

4 En anglais, DUT = device under test.
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Récepteur

Cable en essai Fil de détection @
Tube a téte ouverte ]
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Figure 4 — Affaiblissement de couplage, principe de montage d'essai avec
un analyseur de réseau vectoriel multiport et une téte ouverte

pllique solide.

A I'gxtrémité éloignée, le tube est laissé ouvert, le signal est\prélevé par un "fil de détect
pst connecté a I'écran du céble en essai (voir la Figure-4). Le systéme a tube ouvert peut

qui
éga
con

ement étre équipé d'une "téte d'essai" qui peut étre retirée du tube pour facilite
hexion du cable en essai.

extrémité proche, I'écran du cable en essai écranté est gourt-circuité avec le tfube

on

r la

A I'¢xtrémité ouverte du tube, des absorbeurs {doivent étre appliqués pour adapter le syst¢me

et p
doit
nan
est

5

5.1

our éviter que des ondes ne reviennent dans le systéme. L'affaiblissement de I'absork
étre d'au moins 20 dB. Une combinaison d'absorbeur a ferrite et/ou d'absorh

Honnée a I'Annexe A.

Parameétres d'écrantage

Généralités

Pour protéger un cable contre les perturbations électromagnétiques externes ou pour évitg

rayq
tres
con
mag
I'éc

nnement dans.!lenvironnement, le cable est entouré d'écrans faits de feuilles et/oy

raignanisi({des structures d'écran élaborées, faites de plusieurs couches ou de matér
nétiques,’ sont également utilisées. Dans le cas de cables symétriques, l'efficacitg
an est\améliorée par la symétrie globale de la paire en plus de I'écran.

eur
eur

pcristallin peut étre utilisée. Une procédure pour mesurer I'affaiblissement des absorbegurs

rle
de

ses meétalligues. Pour les cables utilisés dans des environnements électromagnétiques

aux
de

L'ef

et de t'ecram seul estdecritpar timpedance de transfert et par taffaibfissementd'ec

an.

L'influence de la symétrie est captée par l'affaiblissement di a la dissymétrie. L'effet global de
I'écran et de la symétrie de la paire (pour les cables symétriques) sont décrits par
I'affaiblissement de couplage.

5.2

Impédance de transfert

Pour un écran électriquement court, I'impédance de transfert Z; est définie comme le quotient
de la tension longitudinale U, induite dans le circuit interne par le courant I, délivré au circuit
externe ou vice versa, par rapport a la longueur en Q/m ou en mQ/m (voir Figure 5).
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