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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 a
up to and above 3 GHz, triaxial method

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent 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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The text of this standard is based on the following documents:

FDIS Report on voting
46/545/FDIS 46/554/RVD

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

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

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

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

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

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

1 Scope

This part of IEC 62153 describes a test method to determine the screening attenuation a4 of
metallic communication cable screens. Due to the concentric outer tube, measurements are
independent of irregularities on the circumference and outer electromagnetic field.

A wide dynamic frequency range can be applied to test even super-screened cables with
normal instrumentation from low frequencies up to the limit of defined transversal waves in
the outer circuit at approximately 4 GHz.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 62153-4-1, Metallic communication cable test methods — Part 4-1: Electromagnetic
Compatibility (EMC) — Introduction to electromagnetic screening measurements

3 Symbols and theoretical background

3.1 Electrical symbols

Z1 characteristic impedance of the primary circuit (cable under test)
Z9 characteristic impedance of the secondary circuit
VAS normalized value of the characteristic impedance of the environment

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

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

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

Zp = Z4yx Zy x jox Cy 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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Co vacuum velocity

ag screening attenuation which is comparable to the results of the
absorbing clamp method

P feeding power of the primary circuit

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

Py radiated power in the environment of the cable, which is comparable
to Py n + P ¢ of the absorbing clamp method

Sq4 scattering parameter S, (complex quantity) of the set-up where the
primary side of the two port is the DUT and the secondary side is the
tube

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

o1 = 21l fery — e )11 20
02 = 21l\fery + e )11 20

3 =@2 —@1 =4men 1/ Ag

3.2 Theoretical background

There will be a variation of the voltage U, on the far end, caused by the electromagnetic
coupling through the screen and superimposition 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.

For exact calculation, if feedback from the secondary to the primary circuit is negligible, the
ratio of the far-end voltages U and U, are given by

U2|z 21 ~ZF ><[1—e_-/(p1 ﬂxh—eﬁ(/)2 x L X
s | ™ (Jo o Jori + o o
1 B ¢ (1)
<o |
‘2+(ZZ/R—1)><(1—e7j(/’3)I
D

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<Z,/R<1,25
3 dB, if Zy,/IR=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 m and N is an integer.

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.

FUNIPEN
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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 ag.

J (2)

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

Pr,max

ag = —10><Iog10[Env 1

i_ P max R 3)
Py Ppmax 2xZg

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

P2 max Co N Z1—Zp | Z1+Zf @)
B O\JZ1 X R | ey —\JEr2 A€ H/ER

3.4 Impact of coupling length and relationship between the screening attenuation and
the surface transfer impedance Zg

The relationship between the effective coupling length of the cable under test and the
electrical wave length is important for the characteristic curve of the screening attenuation
(see Figures 1 and 2). In the frequency range of electrically short coupling lengths, the
measured attenuation decreases with increasing length. Therefore, it is necessary to define
the related length.

With electrically long lengths, the screening attenuation formed by the maximum envelope
curve to the coupling voltage ratio is constant for a 6 dB/octave (20 dB/decade) increasing
transfer impedance. Therefore, the screening attenuation is defined only at high frequencies.

The coupling length is electrically short, if

)’0 '<C‘—0
0/ 510 e or / o d (5)

or electrically long, if

/1(/ o] f “

| <2x|\ & =€ or 2% I x \/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;

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

is the resulting relative permittivity of the dielectric of the secondary circuit;
is the frequency in Hz.

The measured voltage ratio is related to the transfer impedance Z; for electrically short
coupling length by

Z1 xI=Zq x Uz 7
T IR (7)
Also, at high frequencies, Zt can be calculated if Zg is negligible:
®x\Z1 xR &g Pomax |
i~ x (8)
2xcq X A€ B |
therefore
P> max | 5 ZT X2Xco XAlEr | (9)
Po| oxyzxR X|5r1_5r2|‘

A more detailed description of the subject is given in IEC 62153-4-1.
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0,01

A/V\,AUA/\MM&

| Uyl U]

— /
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IEC
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 a linear (f) scale and
screening attenuation ag on a linear (f) scale for a single braided cable
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Figure 3 — Measured screening attenuation ag 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
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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
secondary circuit. However, it is an advantage to have a low mismatch, for example, by
selecting a range of tube diameters for several sizes of coaxial cables.

Cable sheath

Cable under test
input voltage Uy

Cable screen

Terminating

Coupling length resistor Ry = Z,

app.3m

Tube

Calibrated receiver

or network analyser

Signal

generator

b

IEC

Figure 4 — Triaxial measuring set-up

Power amplifier
(if necessary)

™~ High-screened connecting cables

Network analyser

with S-parameter test set

sa ]
Port1  Port2
O

Preamplifier
(if necessary)

/

%& Tube with CUT

IEC

Figure 5 — Triaxial measuring set-up connected to the network analyser
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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
coaxial system and the inner conductor of the outer system. The outer conductor of the
outer system is a tube of about 50 mm inner diameter with a short-circuit to the screen on
the fed side of the cable. The ratio of the inner diameter of the tube to the outer diameter
of the screen shall be sufficient to ensure that the characteristic impedance is larger 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 cable sheath,

e it is recommended to use a vector network analyser allowing the measurement of all
scattering parameters of a quadripole (two port). In the case where the generator
impedance and the DUT have the same impedance, a discrete generator and receiver may
be used,

¢ high sensitive or power amplifier if necessary for very high screening attenuation.
5.2 Cable under test
5.2.1 Coaxial cables

On the far end side, the sample under test shall be terminated by a very well screened
resistance (better screened than the screen under test) equal to the nominal value of the
characteristic impedance of the sample under test. See Annex A for details on how to
determine the nominal characteristic impedance. The termination may be done using several
resistors in parallel. The connections between the terminating resistance(s), the screening
cap and the cable screen(s) shall be made with care so that the contact resistance can be
neglected when interpreting the results. Special care shall be taken in preparing foil screens
in order to avoid cracks in the foil which may introduce errors in the test results.

The cable under test shall be positioned as nearly concentric as possible in the outer tube to
obtain homogeneous wave propagation. To achieve the centering, one may use distance
pieces made of a material having a dielectric permittivity of less than 1,10 (e.g. Styrofoam).

On the fed side, the cable screen is connected to the short-circuit disc of the outer tube, and
care shall be taken so that the contact resistance is small and does not influence the results.

5.2.2 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
|%<XXXXXXXXXXXXXXXX
R, Well screened load
Connector Pairs/quads resistor R4

|ﬁ(XXXXXXXXXXXXXXXX

Figure 6 — Preparation of test sample (symmetrical and multi-conductor cables)

IEC

5.2.3 Impedance matching

If unknown, the nominal characteristic impedance of the (quasi-)coaxial system can either be
measured by using a TDR with maximum 200 ps rise time or using the method described in
Annex A. An impedance matching adapter to match the impedance of the generator and the
impedance of the (quasi-)coaxial system is not recommended as it reduces the dynamic range
of the test set-up and may have sufficient matching (return loss) only up to 100 MHz when
using self-made adapters which are necessary for impedances other than 60 Q or 75 Q (see
Annex B). One may use an attenuator at the generator output to avoid reflected waves which
could harm the generator. The attenuation of such attenuator shall be taken into account in
the test results.

5.3 Procedure

The DUT shall be connected to port 1 and the tube to port 2 of the vector network analyser
(see Figure 5).

The (complex) scattering parameter S,; shall be measured. The reflection loss! (see
Annex C) caused by the mismatch between the generator and DUT has to be taken into
account. To do this in principle one should measure the (complex) scattering parameter S, of
the DUT. However, it has been shown that this measurement is prone to error due to the
“poor” load resistance of the DUT. Thus S, is calculated as described in 5.4.

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

5.4 Expression of results
The screening attenuation ag which is comparable to the results of the absorbing clamp

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

P»] ><2><Zs|
P2,max R |

P

=10><|Og1o

ag =10xlogqg

r,max

(10)

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

300
Z1 att

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

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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Zy—Zg

= S = ——

" Z1 + ZO (1 1 )
where

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

Agtt 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 nominal
characteristic impedance of the cable under test;

So1 is the scattering parameter S5, (complex quantity) of the set-up where the primary
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 in 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 measurement

will be similar to that for surface transfer impedance.

6 Requirement

The minimum value of the screening 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 operated with a
defined power level, the difference between the power level and the limit of radiating power
shall not 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
measurements at the connector interface reference plane. The test frequency shall be
approximately the frequency for which the length of the sample is 1/8 A, where 1 is the
wavelength.

c

Jtest = 8xL e
sample r1 (A.’I)
where
Jrest is the test frequency;
c is the speed of light 3 x 108 m/s;
Lsample is the length of sample.

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

The sample is left open at the same point where it was shorted. The impedance Z,g, is
measured.

Z4 is calculated as:

Zy= \[Zshort X Zopen (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 works up to 10 MHz.

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

5 //*—VJMT
10 ///M ij \
. N, /

2 W
25 A

N //
35 /,

40 / 4750
45 —

dB

50 -~ 56 Q
/ . .
55 50 Q side 5 Q side —— alpha dB
— RL W
60 T L
0,01 0,1 1 10 100 1 000 10 000
¥ 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

5 //_\ N
o/ /N /\ AV

N
|

25
47,5 Q
—
30
56 Q
35450 Q side 5 Q side ——alpha dB
—RL
40 I L
0 500 1000 1 500 2 000 2 500 3 000
' MHz EC

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

=)

Uo Ry

IEC

Figure C.1 — Equivalent circuit of generator with load

The power in the load resistance R| is given by:

2
R

R =U?—"L

j ; O(Ri+RL)2

P=1I%R =
Ri +R|_

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

_pg2 R _ 1.2
PRz T 0y
i 1

The ratio of Equations (C.1) and (C.2) describes the loss:

P Ug RL 4R| _ 4R|_ Ri

2 2 2
PO (Ri+R|_) UO (Ri-i-RL)
The following auxiliary calculation introduces the reflection coefficient r:
2
= 5~ 5=
(RL+R)®  (RL+R)
2 2 52 2
R +2R R+ R” — R +2R R — R; AR R,

(R +R ) (R +R)?

2
1-,2 1| B & _(RL+Ri)2 (RL-Ry)
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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The magnitude in dB therefore is (see also IEC/TR 62152:2009 Equation. A.12):

I, :—1OIog10‘1—r2‘ (C.6)
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