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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-4: Electromagnetic compatibility (EMC) —
Test method for measuring of the screening attenuation a4
up to and above 3 GHz, triaxial method

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization copprising
all national electrotechnical committees (IEC National Committees). The object of IE€*is to [promote
interpational co-operation on all questions concerning standardization in the electrical and,electronic fijelds. To
this pend and in addition to other activities, IEC publishes International Standards, Fiechnical Specif|cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heredfter referred to ps “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee interested
in tHle subject dealt with may participate in this preparatory work. Internatiopal, governmental apd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg closely
with [the International Organization for Standardization (ISO) in accordance with conditions deternjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express) as nearly as possible, an intefnational
conslensus of opinion on the relevant subjects since each technical”committee has representation |from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recommendations for intergational use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts aresxmade to ensure that the technical content of IEC
Publ|cations is accurate, IEC cannot be held responsible’ for the way in which they are used or|for any
misipterpretation by any end user.

4) In oyder to promote international uniformity, IEC National Committees undertake to apply |IEC Publications
trangparently to the maximum extent possible_in their national and regional publications. Any divergence
betwleen any IEC Publication and the correspanding national or regional publication shall be clearly ind|cated in
the Iatter.

5) IEC ftself does not provide any attestation’ of conformity. Independent certification bodies provide cdnformity
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

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

7) No lifability shall attach to |[EC, or its directors, employees, servants or agents including individual expgrts and
members of its technical committees and IEC National Committees for any personal injury, property damnage or
othef damage of any mature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publ|cations.

8) Attenption is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indispensablé.for the correct application of this publication.

9) Attention lis Jdrawn to the possibility that some of the elements of this IEC Publication may be the subject of
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62153-4-4 has been prepared by technical committee 46: Cables,
wires, waveguides, R.F. connectors, R.F. and microwave passive components and
accessories.

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

This edition includes the following significant technical changes with respect to the previous
edition. Impedance matching adapters are no longer required when measuring devices have a
characteristic impedance different from the characteristic impedance of the test equipment.
The reflection loss due to a mismatch is taken into account by a (calculated) correction factor.
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METALLIC COMMUNICATION CABLE TEST METHODS -
Part 4-4: Electromagnetic compatibility (EMC) —

Test method for measuring of the screening attenuation a4
up to and above 3 GHz, triaxial method

1 Scope

This part of IEC 62153 describes a test method to determine the screening attenuatio
metallic communication cable screens. Due to the concentric outer tube, measuteme
independent of irregularities on the circumference and outer electromagnetic field.

A widg dynamic frequency range can be applied to test even super-screened cable
normal instrumentation from low frequencies up to the limit of definedviransversal w4
the oufer circuit at approximately 4 GHz.

2 Ngrmative references

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

IEC 62/153-4-1, Metallic communication cable test methods — Part 4-1:. Electroms
CompaQtibility (EMC) — Introduction to electromagnetic screening measurements

3 Symbols and theoretical background

3.1 Flectrical symbols

Zq characteristic impedance of the primary circuit (cable under tes
Zy characteristic impedance of the secondary circuit
VAS normalized value of the characteristic impedance of the enviro

of a typical cable installation (150 Q). It is in no relation
impedance of the outer circuit of the test set-up Z,

Zg is always 150 Q (arbitrary determined) whereas Z, is varyin
the dimensions of the CUT and inner diameter of the tube

N ag of
nts are

s with
ves in

nt and
ps. For

J any

agnetic

~

hment
o the

g with

R input impedance of the receiver
VAN transfer impedance of the cable under test in Q/m

Zp = Z4 x Zy x jo x Ct capacitive coupling impedance of the cable under test in Q/m

f frequency in Hz

T through capacitance of the outer conductor per unit length in F/m

&1 relative dielectric permittivity of the cable under test

&2 relative dielectric permittivity of the secondary circuit

&2.n normalized value of the relative dielectric permittivity of the

environment of the cable
/ effective coupling length
A0 vacuum wavelength
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vacuum velocity

screening attenuation which is comparable to the results of the

absorbing clamp method
feeding power of the primary circuit

measured power received on the input impedance R of the re
in the secondary circuit

ceiver

radiated power in the environment of the cable, which is comparable

to Py n + P ¢ of the absorbing clamp method

scattering parameter S, (complex quantity) of the set-up whe
primary side of the two port is the DUT and the secondary side

re the
is the

tube

scattering parameter S, (complex quantity) of the set-up~whe|
primary side of the two port is the DUT and the secondary,side
tube

Hert — o2 )11 26
’Z'( & +\/5)l//10
b — g1 = 4mfen 1/ A

Theoretical background

re the
is the

will be a variation of the voltage U, on the'far end, caused by the electromagnetic

g through the screen and superimpositign of the partial waves caused by the s

nd the totally reflected waves from theinear end.

hct calculation, if feedback from the secondary to the primary circuit is negligib
the far-end voltages U, and U5 are given by

‘ Zt - Z¢

U2|z ><[1—e_j(p1 ﬂxh—e_ﬂ&x L x
0| | Jomr e Joerr oz R
A B C
co |
‘2+(ZZ/R—1)><(1—e’j(/’3)"
D

urface
d near

le, the

(1)

i.e. formally | 4 + B | x C x D, where 4 x C is the far-end crosstalk, B x C is the reflected near-
end crosstalk and D is the mismatch factor.

The total oscillations of D are

<2 dB, if 1<Zy/R<1,25

3 dB, if Z5/lR = 1,4
but 10 dB and more, if Z,/R >3.
Maximum values of 4 x C and B x C are given, if 12 =(2N+ 1) x mand Nis an inte

ger.

The voltage ratio measured is not dependent on the diameter of the outer tube of the triaxial
test set-up or on the characteristic impedance Z, of the outer system, provided that Z, is
larger than the input impedance of the receiver.
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A more detailed description of the subject is given in IEC 62153-4-1.

3.3 Screening attenuation

The logarithmic ratio of the feeding power P, and the periodic maximum values of the power
P max Which may be radiated due to the peaks of voltage U, in the outer circuit is termed
screening attenuation aq.

] (2)

The rellationship of the radiated power P, to the measured power P, received on ‘the input
impedance R is

Pr,max

ag = —10xlog10[Env 1

.
Py

fmax R

(3)

~ |

D max 2xZg

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

P2,max| o y Z1-ZF : Z1+7F (4)
Py | @\Z1 xR \/a—\/g \/a“‘ &r2

3.4 mpact of coupling length and relationshipybetween the screening attenuatign and
he surface transfer impedance Z;

The reglationship between the effective coupling length of the cable under test aphd the
electri¢gal wave length is important for thie ‘characteristic curve of the screening attenuation
(see Higures 1 and 2). In the frequency range of electrically short coupling lengths, the
measufed attenuation decreases withincreasing length. Therefore, it is necessary to|define
the related length.

With e]ectrically long lengths, the screening attenuation formed by the maximum enyvelope
curve fo the coupling voltage ratio is constant for a 6 dB/octave (20 dB/decade) increasing
transfdr impedance. Therefore, the screening attenuation is defined only at high frequencies.

The cdupling length:is electrically short, if

Ao s « ‘%
/>1OX & or f 10><l><\/; (5)

or electrically long, if

/7«(/ _ S <

| <2x VEr —Er2 or 2% lx \/a_\/g (6)
where

l is the effective coupling length in metres (approximately 2 m in Figure 3);

Ao is the free space wavelength in metres;

&r is the resulting relative permittivity of the dielectric of the cable;
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is the resulting relative permittivity of the dielectric of the secondary circuit;

€r2

f

coupling length by

U
ZT XZ%Z1 X 2
Uy

is the frequency in Hz.
The measured voltage ratio is related to the transfer impedance Z; for electrically short

(7)

Also, at high frequencies, Z; can be calculated if Z is negligible:
(8)

x| Z1 xR Xer1—epa)] y

Zr 2xco XAlEr
therefqre
P | | Z1 x2xcoxyfen |
A1 oz el
A morg

detailed description of the subject is given in IEC 62153-4-1

(9)

0,1

0,01

| Upl Uy

0,001

T~ I

0,000 1

100

1000

IEC

0,000 01

10
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1
Frequency, MHz

Figure 1 — Relationship of U,/U, on a log (f) scale for a single braided cable
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Figure 2 — Relationship of U,/U,; on alinear (f) scale and
screening attenuation a4 on a linear (f) scale’for a single braided cable
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Figure 3 — Measured screening attenuation a4 formed by the maximum
envelope curve to the measured coupling voltage ratio U,/U, of a single braided cable
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4 Principles of the measuring method

The disturbing or primary circuit is the matched cable under test. The disturbed or secondary
circuit consists of the outer conductor (or the outermost layer in the case of multiscreen
cables) of the cable under test and a solid metallic tube having the cable under test in its axis
(see Figures 4 and 5).

The voltage peaks at the far end of the secondary circuit have to be measured. The near end
of the secondary circuit is short-circuited. For this measurement, a matched receiver is not
necessary. The expected voltage peaks at the far end are not dependent on the input
impedance of the receiver, provided that it is lower than the characteristic impedance of the

secongary cireuit  Haowavar it ic an aduantana ta havg 4o o micmateh far ovam |e b
ary—circuit—However—it-is—an—advantage—to—have—atlow—i smatch—for—example, by

selectipg a range of tube diameters for several sizes of coaxial cables.

Cable sheath Cable screen

Cable under test

. Terminating
input voltage Uy

Coupling length resistor Ry = Z,
Tube

app.3m

y Calibrated refceiver
0 et or network arjalyser

Signal
generatq

P
I

IEC

Figure 4 S Triaxial measuring set-up

Network analyser
with S-parameter test set

o [ ]

Port 1 Port 2

Power amplifier Preamplifier
(if necessary) (if necessary)

)

™~ High-screened connecting cables

%& Tube with CUT

Figure 5 — Triaxial measuring set-up connected to the network analyser

IEC
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5 Measurement

5.1

Equipment

The measuring set-up is shown in Figures 4 and 5 and consists of

e an apparatus of a triple coaxial form with a length sufficient to produce a superimposition
of waves in narrow frequency bands which enable the envelope curve to be drawn,

e commonly (for dielectrics with low permittivity), a coupling length of minimum 2 m is
preferable to determine the screening attenuation from less than 200 MHz upwards (see
also 3.4). The cylindrical cable screen forms both the outer conductor of the energized

of the
een on

the|fed side of the cable. The ratio of the inner diameter of the tube to the outer‘diameter
of fhe screen shall be sufficient to ensure that the characteristic impedance.is/-Targ¢r than
the| input resistance of the receiver. The value of the relative dielectric permittivity| of the
outer circuit shall be approximately one, irrespective of the enclosing cablé sheath,

e it is recommended to use a vector network analyser allowing thé_measuremen{ of all
scdttering parameters of a quadripole (two port). In the case, where the genperator
imgedance and the DUT have the same impedance, a discrete_génerator and receiver may
be psed,

e higph sensitive or power amplifier if necessary for very high screening attenuation.

5.2 [able under test

5.2.1 Coaxial cables

On thg far end side, the sample under test shall be terminated by a very well scfeened

resistapce (better screened than the screenlunder test) equal to the nominal value|of the

characteristic impedance of the sample under test. See Annex A for details on how to

deter

resistofs in parallel. The connections ‘between the terminating resistance(s), the scr
cap and the cable screen(s) shall be“made with care so that the contact resistance
neglecied when interpreting the results. Special care shall be taken in preparing foil s
in order to avoid cracks in the foikwhich may introduce errors in the test results.

The cdble under test shall.be positioned as nearly concentric as possible in the outer

obtain
pieces

On the

care shall be-taken so that the contact resistance is small and does not influence the re

5.2.2

ine the nominal characteristic impedance. The termination may be done using §

homogeneous,wave propagation. To achieve the centering, one may use d
made of a material having a dielectric permittivity of less than 1,10 (e.g. Styrofoz

fed side,;\the cable screen is connected to the short-circuit disc of the outer tub

everal
eening
can be
creens

ube to
stance
m).

e, and
sults.

Symmetrical and multiconductor cables

Screened symmetrical and multiconductor cables are treated as a quasi-coaxial system — i.e.
in addition to the below, the requirements of 5.2.1 for coaxial cables shall be applied. The
conductors of all pairs shall be connected together at both ends. All screens, also those of
individually screened pairs or quads, shall be connected together at both ends. The screens
shall be connected over the whole circumference (see Figure 6).
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Screen
|—XXXXXXXXXXXXXXXXX
Ry Well screened load
Connector Pairs/quads resistor R4

LXXXXXXXXXXXXXXXX

Impedance matching

IEC

red by using a TDR with maximum 200 ps rise time or using the method descr

elf-made adapters which are necessary for impedances, other than 60 Q or 75

own, the nominal characteristic impedance of the (quasi-)coaxial system can eifher be

bed in

A. An impedance matching adapter to match the impedance of the ' generator gnd the
nce of the (quasi-)coaxial system is not recommended as it reduces the dynamig range
test set-up and may have sufficient matching (return loss) enly up to 100 MHz when

() (see

B). One may use an attenuator at the generator output\{6“avoid reflected waveg which
arm the generator. The attenuation of such attenuater shall be taken into accpunt in
results.

Procedure

T shall be connected to port 1 and theube to port 2 of the vector network anpalyser

gure 5).

omplex) scattering parameter §57 shall be measured. The reflection loss[l (see

t. To do this in principle one should measure the (complex) scattering paramete
T. However, it has been@hown that this measurement is prone to error due
oad resistance of the QUT. Thus Sy, is calculated as described in 5.4.

e peak values of-the obtained screening attenuation graph are used to determ
be curve.

Fxpression-of results

reening* attenuation ag which is comparable to the results of the absorbing

methoT shall'be calculated with the arbitrary determined normalised value Zg = 150 Q2.

C) caused by the mismatch between the generator and DUT has to be tak¢n into

S11 of
to the

ne the

clamp

ag =10xlogqg

= Env{— 20 x |Og10|521 |+10X|Og10 1—1"2‘ +10X|Og10

P

P1 ><2><Zs|

=10 x |Og10
P2 max R |

r,max

300Q
Z1 att

1 Reflection loss should not be confused with return loss or mismatch loss.

(10)

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

in no

relation to the impedance of the outer circuit of the test set-up.
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Z1- 2

= S = ——

" Z1 +ZO (11)
where

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

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

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

r is the reflection coefficient between the generator impedance and the{-nlominal
characteristic impedance of the cable under test;

So4 is the scattering parameter S5, (complex quantity) of the set-up wherevthe grimary
side of the two port is the DUT and the secondary side is the tube;

Z4 is the nominal characteristic impedance of the cable under test jin'Q (see 5.2.3);

Zy is the output impedance of the generator, i.e. system impedance of the network

analyser, in Q.
At frequencies lower than the limit of the electrically long coupling length, the measufement
will be[similar to that for surface transfer impedance.

6 Requirement

The m|nimum value of the screening attenuation shall comply with the value indicated in the
relevant cable specification.

If a limiting value of the radiating poweép is specified for a cable system operated |with a
defined power level, the difference between the power level and the limit of radiating|power
shall npt be greater than the screening attenuation of the cable provided for the system
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Annex A
(normative)

Determination of the impedance of the inner circuit

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

(VNA).

One end of the prepared sample is connected to the VNA, which is calibrated for impedance

approximately the frequency for which the length of the sample is 1/8 A, where{4
wavelgngth.

measurements at the connector interface reference plane. The test frequency shall be
(j is the

where

ftest

c
L

samplg

The sq

The s4
measu

Zyisc

c

Jtest ®
8x Lsample X /€1

is the test frequency;
is the speed of light 3 x 108 m/s;
is the length of sample.

mple is short-circuited at the far end. The impedance Zg,,; is measured.

mple is left open at the same point whére it was shorted. The impedance Z
red.

hlculated as:

Zy= \[Zshort X Zopen

(A.1)

bpen

(A.2)
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Annex B
(informative)

Example of a self-made impedance matching adapter

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

The attenuation and return loss were obtained from an open/short measurement. The
matching adapter only waorks up to 10 MH=z

Self-made 50/5 Q impedance matching adapter
open/short measurement

20

25 / :
N // { =
35 / :

|
40 / 4150
45 -

10 — :
. R /
v

dB

50 et 56 Q
55 il 50 Q side 50 side —— alphaldB
) —RL —‘
60 ( I !
0]01 0,1 1 10 100 1000 0 000
¥ MHz

IEC

Figure)B.1 — Attenuation and return loss of an 50 Q to 5 Q
impedance matching adapter; logarithmic frequency scale
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Self-made 50/5 Q impedance matching adapter
open/short measurement

10

15

TN\ .

/ /N /\ /NN

[ TN N

T

2 {
2
475 Q
| S |
3
5,6 Q
3 50 Q side 5 Q side —alpha }iB
= RL
4 T |
0 500 1000 1 500 2¢000 2 500 B 000
¥ MHz

Figure B.2 — Attenuation and returnjoss of an 50 Q to 5 Q
impedance matching adapter; linear frequency scale

IEC
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Annex C
(informative)

Reflection loss of a junction

In case a source with an inner resistance R; feeds a load with a different resistance R| power
is lost compared to the matched case due to the mismatch. If the source is connected to the

junction by a transmission line with a characteristic impedance Z;, = R,

and the load is

connected to the junction by a transmission line with a characteristic impedance Z, = R the

equivalent circuit is the following:

-@
/
R

Uo Ry

IEC

Figure C.1 — Equivalent circuit of-generator with load

The pgwer in the load resistance R is given by:

2
2 Ug 2 R
P=1 QL:( JRL=U0—2
Ri+RL (Ri+R|_)

In casg of impedance matching (R_=(®;) the maximum power P, is fed:

R:
Py = U? s H iUg L
4R? 4 U R
The rafio of Equations (Cy1) and (C.2) describes the loss:

P |USR.  4r) arR,

P_O Ri+R|_)2 Ug (Ri+R|_)2

The following "auxiliary calculation introduces the reflection coefficient r:

- > > =
(RL+R)  (RL+R)
R% + 2R, R + R?> —R? + 2R, R, — R? 4
L LA+ Ay L LR =8 4R R

(R +R ) (R +Ri )

1,2 _q_[ R =R T _R+R) (R-R)T
RL+Ri

Using Equation (C.4), the power ratio (Equation (C.3) becomes:

i=’I—r2

Fy

(C.1)

(C.2)

(C.3)

(C.4)

(C.5)
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