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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-4: Electromagnetic compatibility (EMC) —
Shielded screening attenuation, test method for measuring of
the screening attenuation a5 up to and above 3 GHz

FOREWORD

1) The [International Electrotechnical Commission (IEC) is a worldwide organization fr st mprising
all mational electrotechnical committees (IEC National Committees). The promote
interhational co-operation on all questions concerning standardization in the e elds. To
this lend and in addition to other activities, IEC publishes International $ a 2 seciffcations,

Technical Reports, Publicly Available Specifications (PAS) and Guides c € s “IEC

Publjcation(s)”). Their preparation is entrusted to technical committees; 8 8 interested
in the subject dealt with may participate in this preparatory wefk. & i , governmental and non-
govgrnmental organizations liaising with the IEC also participate in“thi i g closely
with |the International Organization for Standardization (ISO S A\ Wi iti ined by

agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical m ¢ , ible, i national
congensus of opinion on the relevant subj e i from all
interpsted IEC National Committees.

3) IEC |Publications have the form of recomme ¢ i G 6 National
Comjmittees in that sense. While all reasonab S 9 ens i t of IEC
Publjcations is accurate, Si for any
misifpterpretation by any end user.

4) In ofder to promote interngtional uni i S { i lications
trangparently to the maxi € i i ei i i icati . iyergence
between any IEC Publication apd the correspoqads i i icati ind|cated in

the lptter.

5) IEC |provides no marki
equipment decl
6)

All ugers should ensuyé

for any

7) No lfability shall 3 erts and
menlbers of its te i ¢ mage or
othe e Y es) and
expgnses afising™Q tion, use of, or reliance upon, this IEC Publication or any other IEC
Publjcatians.

8) Attent is tka n he Noxmative references cited in this publication. Use of the referenced publicgtions is

9) Attention is_drawn to the possibility that some of the elements of this IEC Publication may be the siibject of
patent rights\ IEC shalnot be held responsible for identifying any or all such patent rights.

Interndtional Standard IEC 62153-4-4 has been prepared by subcommittee 46A: Coaxial
cables, of IEC technical committee 46: Cables, wires, waveguides, r.f. connectors, r.f. and
microwave passive components and accessories.

The text of this standard is based on the following documents:

FDIS Report on voting
46A/799/FDIS 46A/816/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.
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IEC 62153 consists of the following parts under the general title Metallic communication cable
test methods:

Part 1-1:

Part 1-2:
Part 4-0:

Part 4-1:

N

Part 4-2-

Electrical — Measurement of the pulse/step return loss in the frequency domain
using the Inverse Discrete Fourier Transformation (IDFT)

Reflection measurement correction?

Electromagnetic Compatibility (EMC) — Relationship between Surface transfer
impedance and Screening attenuation, recommended limits”

Electromagnetic Compatibility (EMC) — Introduction to electromagnetic (EMC)
screening measurements

Part 43:

Part 4-4:

Part 445:

Part 446:

Part 447:

Part 448:

The cg
mainte|
related

* rec
wit

Flpr‘trnmagnptir‘ r‘nmlnatihility (FI\/I(‘) — Qr‘rnpning and r‘mllnling attenuation -
Injection clamp method

Electromagnetic Compatibility (EMC) — Surface transfe Triaxial

method

tion —

jection

ing attenuation as gnd the
above 3 GHz; Tube ip Tube

ntil the

1 Under consideration.
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METALLIC COMMUNICATION CABLE TEST METHODS -

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

1 Scope

This pprt of IEC 62153 determines the screening attenuation ag of
cable |screens. Due to the concentric outer tube, measuremen
irregularities on the circumference and outer electromagnetic field.

A widg dynamic and frequency range can be applied to test ey
normal instrumentation from low frequencies up to the limit
outer dircuit at approximately 4 GHz.

2 Normative references

The following referenced documents
dated references, only the edition cited
the referenced document (including any am

IEC 61917:1998, Cables,
screening measur

(EMC)

3 Sy

i€ation of this documsg
erences, the latest ed

the cable under test (150 Q outer circuit impedance Z,)
input impedance of the receiver

transfer impedance of the cable under test in Q/m

Zp =Z{xZ3XJwxCT

r2,n

capacitive coupling impedance of the cabte undertestim&/m

frequency in Hz

ication

ent of

ps with
$ in the

nt. For
tion of

hgnetic

grmalized value of the characteristic impedance of the environment

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

relative dielectric permittivity of the cable under test
relative dielectric permittivity of the secondary circuit

normalized value of the relative dielectric permittivity of the
environment of the cable

effective coupling length

2 This is under revision and will be replaced by IEC 62153-4-1.
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vacuum wavelength
vacuum velocity

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

normalized screening attenuation (Zg = 150 Q and [Av/v4| = 10 %)

feeding power of the primary circuit

measured power received on the input impedance R of the receiver in

the secondary circuit

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

Py + P, ¢ of the absorbing clamp method

radiated power in the normalized environment g 3 unde
(Zg =150 Q and [Av/v4] = 10 %)

¢ :2T(x/a‘\/£)’//‘o

Ng
I
N

3.2 [heoretical background

For exjct calculation, if feedback from t

ratio of

en + e 0
b3 =dp — 1 =4mfen 11 Ao

the far-end voltages U, and U,

here AC is the far-end crosstalk, BC is the reflected ne

1< Z,/R < 1,25
Z,/R = 1,4

r test

le, the

(1)

ar- end

U, VA A=
— | X
Uy VEr1 ~A/€r2
0o d
2+
i.e. for
crossta
The to
<2
3 q
but

Maximum values of AC and BC are given, if

fodBand more, If LolK =95,

04, = (2N + 1) x Tand N is an integer.

A more detailed description of the subject will be given in future IEC 62153-4-1 (which is
intended to be a revision of IEC 61917).

3.3 Screening attenuation

The logarithmic ratio of the feeding power P, and the periodic maximum values of the power

P

r,max
screen

which may be radiated due to the peaks of voltage U, in the outer circuit is
ing attenuation ag

termed
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J (2)

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

Pr,max

1

ag = —10><Iog10[Env

i_ P max _ R
P2 P2,max 2><ZS

(3)

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 . surface
transfdr impedance Z;, the capacitive coupling impedance Zg (travelling ta d near
end) and the totally reflected waves from the near end.

At high frequencies and when the cable under test is electricall

Pombx |~ ¢ Z1-Zg Z1+ZE “
P Wy Zy xR \/ \/5r2 &1 €2
34 Relationship between length dand
The re { o ectrical
wave length is important for the charac¢teristic cuye i i i Figures
1 and| 2). In the frequency range i sho [ , lasured
attenuation decreases with i 2 e i related

length,

to the|coupling dance.

With e ectrically| ani nuation formed by the maximum envelop¢ curve
Therefpre, the screép

The co

Yo/ > ©
or eledtricalty:ong,
/1/ f> ‘o
0/ <2x[\/Eq —+/E or 6
i ‘ r1 r2 2xlx‘ /5r1_/5r2 (6)
where
[ is the effective coupling length in metres (approximately 2 m in Figure 3);
Ao is the free space wavelength in metres;
&, is the resulting relative permittivity of the dielectric of the cable;
&, is the resulting relative permittivity of the dielectric of the secondary circuit;

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

Uz
Z1 XI=Zq %X |—= 7
T |, (7)
Also, at high frequencies, Z7 can be calculated if Z is negligible
| @XJZ1 ¥R Aer—ena| ‘PZmax
T o [ 1 2) (8)
Z e e Vi ]
therefdre
szax - ZT x2 XCo X4/Er1 (9)
A W X\[Z1 XR Xer =&

A morg detailed description of the subject will be/give 62153-4-0 (which is

9, Se 14).

o

MR\ r\s 7 ANk
IFER

N

f —— MHz

IEC

728/06

Figure 1 — Relationship of U,/U 4 on a log (f) scale for a single braided cable
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Figure 2 — Relationship of U,/U, on a linear (f) scate
on a linear (f) scale for a-single

creening attenuation dB

5050

¥
|
|
_._..i
|
|
1

IEC 730/06

IEC 729/06

Figure 3 — Measured screening attenuation a; formed by the maximum envelope curve to
the measured coupling voltage ratio U,/U, of a single braided cable
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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

Secongar\ cireuit  Howaver it 1ec an advuantang ta havg 2 laow micmateh
aH-Y HetH—OWeY-8+—+— SH—aaYahtag t Y S—oW—HHHSHEH6H

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

Cable sheath

Cable under test

Coupling length

input voltage U4 <

app.2m

for exam
+Ho+f >

Cable stree

esistdr R1 = Z4

Calibrated

( ( ﬁ \/ / or network

Signal

RIS IRY

ble, by

eceiver
hnalyser

generator

<

AL DA

U

AT

5

N

Triaxial measuring set-up

Network analyser

with S-parameter test set

IEC 731/06

o ]
Port 1 Port 2
O Q
Power amplifier Preamplifier
(if necessary) (if necessary)
Impedance adapter |Zp
(if necessary) 74

~ High-screened connecting cables

/

S& Tube with CUT

IEC 732/06

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;

< commonly, a coupling length of 2 m is preferable to determine the screening attenuation
from less than 50 MHz upwards. 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
cirguit to the screen on the fed side of the cable. The ratio of the inner diameter of:tfje tube
to the outer diameter of the screen must be sufficient to ensure that the “¢haragteristic
imgedance is larger than the input resistance of the receiver. e\ o elative
dielectric permittivity of the outer circuit shall be approximate i of the
englosing cable sheath;

e a slignal generator with the same characteristic impedance or with

an jmpedance adapter, completed by a power amplifier if hecessa igh screening
attInuation;
« arg¢ceiver with a calibrated step attenuator or network analyse

5.2 Cable under test
5.2.1 Coaxial cables

The c4 vell screened resistance equal to the

nominal connections between the terminating
resistaI:: Il be made with care so that the ¢ontact
resista e’ results. Special care shall be tgken in

prepar he foil which may introduce errors in the test

results

On the i hle is conprected to the short-circuit disc of the outer tube, and
care shall be taken's sistance is small and does not influence the respults.
The c3 ] ~ pQsitioned as nearly concentric as possible in the outer fube to
obtain S

5.2.2

5.2.2.1

Screened 'symmetrical and multiconductor cables are freated as a quasi-coaxial dystem.
Therefore, 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).

Screen
XXX X XX XXX XXX
I
R4 Well screened load
Connector Pairs/quads resistor R
I
XXX XX XX XXX XXX

IEC 367/06

Figure 6 — Preparation of test sample (symmetrical and multi-conductor cables)
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The quasi-coaxial system shall be terminated with its nominal characteristic impedance. The
termination shall be well screened, so that the test results are not falsified. (The screening of
the matching load shall be better than the screen under test).The impedance of the quasi-
coaxial system can either be measured by using a TDR with maximum 200 ps risetime or using
the method described in 5.2.2.2. Furthermore, an impedance matching adapter is necessary to
match the impedance of the generator and the impedance of the quasi-coaxial system.

5.2.2.2 Impedance of inner system

One end of the prepared sample is connected to a network analyser, which is calibrated for
impedance measurements at the connector interface reference plane. The test frequency shall
be the approximate frequency for which the length of the sample is 1/8 A, where A is the
wavelgngth.

Cc

Jrest =
8-Lsample XNEM

where

Jrest is the test frequency;

c is the velocity of light, 3x108 m/s;

Lsampi¢ is the length of the sample.

The sgmple is short-circuited at the far g i CE Zgport IS Measured.

t was shorted. The impedance 4.,

The sTmpIe is left open 4
measufed.

The impedance of;tie q

RN

5.2.2.3

If the imy
(the gsg

The configuration is depicted in Figure 7.
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Rs

50 Q side Ry R4 side

IEC 373/06

Figure 7 — Impedance matching for Z; <50 Q

The vdltage gain k&, of the circuit is

R1Ry
R1Ry + RyRs + RqRs

5224 Z,>50Q

If the
generg

The cg

50 Q side Rp R4 side

IEC 374/06

eater than 50

Q (the

Figure 8 — Impedance matching for Z; >50 Q
The voltage gain, &, of the circuit is

Ry

k -
M Rg + Ry
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5.3 Procedure

The quotient of the voltages at the output of the outer circuit and the input of the cable is
measured, 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
generator (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
must be measured and recorded as a function of the frequency in order to determine the
envelope curve.

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

The vqltage ratio measured is not dependent on the diameter of the~outer triaxial
test seft-up or on the characteristic impedance Z, of the outer systerfy, prowided larger
than thie input impedance of the receiver.

5.4 Expression of results
5.4.1 Screening attenuation

The sdreening attenuation ag which is comparabl
shall bp calculated with the normalized ue Z

the absorbing clamp method

1 X

P -

ag =10><Iog10 =10><Iog10

2,ma

=20 x

(10)

ning~attenuation related to the radiating impedance of 150 Q in dB;

am min| s Ahe attenuation recorded as minimum envelope curve of the measured values in dB;

a, is,the additional attenuation of an eventually inserted adapter, if not otherwise
Loainotad £ 3 ranl byt Lberaotion 1o ADN.
CHrrmriatcyu, 1Ut GI\GIIIPIU, Uy e vanvratrurry, 11 uu),
U, is the input voltage of the primary circuit formed by the cable in V;
U, is the output voltage of the secondary circuit in V;
Z4 is the characteristic impedance of the cable under test 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.

5.4.2 Normalized screening attenuation

The screening attenuation is dependent on the velocity difference between the inner and outer
circuit. Therefore, the test results may also be presented in normalized conditions where
Zg = 150 Q and the velocity difference is 10 %.


https://iecnorm.com/api/?name=591a571ff366a4446ced612c2813dfff

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Symbols and theoretical background
	3.1 Electrical symbols
	3.2 Theoretical background
	3.3 Screening attenuation
	3.4 Relationship between length and the surface transfer impedance ZT

	4 Principles of the measuring method
	5 Measurement
	5.1 Equipment
	5.2 Cable under test
	5.3 Procedure
	5.4 Expression of results

	6 Requirement
	Figure 1 – Relationship of U2/U1 on a log (f) scale for a single braided cable
	Figure 2 – Relationship of U2/U1 on a linear (f) scale and screening attenuation as on a linear (f) scale for a single braided cable
	Figure 3 – Measured screening attenuation as formed by the maximum envelope curve to the measured coupling voltage radio U2/U1 of a single braided cable
	Figure 4 – Triaxial measuring set-up
	Figure 5 – Triaxial measuring set-up connected to the network analyser
	Figure 6 – Preparation of test sample (symmetrical and multi-conductor cables)
	Figure 7 – Impedance matching for Z1 < 50 ohms
	Figure 8 – Impedance matching for Z1 > 50 ohms



