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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-9: Electromagnetic compatibility (EMC) —

Coupling attenuation of screened balanced cables, triaxial method
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ts and

Interngtional) Standard IEC 62153-4-9 has been prepared by IEC technical committee 46:
Cableg,“wifes, waveguides, R.F. connectors, R.F. and microwave passive compone
accessories.

This standard cancels and replaces IEC/PAS 62338 published in 2002.

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

CDhV Report on voting
46/190/CDV 46/222/RVC

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

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

* reconfirmed;

+ withdrawn;

* replaced by a revised edition; or
*+ amended.

A biIinJ;uaI version of this publication may be issued at a later date.
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METALLIC COMMUNICATION CABLE TEST METHODS -

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

outer t
electromagnetic fields.

A widegl dynamic and frequency range can be applied to test e
normal instrumentation from low frequencies up to the limit of d&fi
outer dircuit at approximately 4 GHz. However, the upper frequeqs
of the baluns.

The prpcedure to measure the coupling attenuati
the screening attenuation as according tQ IEC 6

2 Ngrmative references

The fo the application of this documgnt. For
dated freferences, only th i S ndated references, the latest edjtion of
the referenced document (i c s) applies.

IEC 60050-726, Qr ' echrjcal>Vocabulary (IEV) — Chapter 726: Transmission
lines apd wave gt

IEC/TH
compatibili

IEC 62
compati

easure

hgnetic

hgnetic

For thie—purposes of this document the terms and definitions given in |EC 60050-726,

IEC 62153-4-1 and IEC 62153-4-5, as well as the following symbols apply.

as

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

e.g. by the calibration, in dB;
Ct is the through capacitance of the outer conductor in F/m;
co is the vacuum velocity in m/s;
dx is the differential length operator of integraton;

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

inis the attenuation recorded as minimum envelope curve of the measured values in dB;

is the additional attenuation of an eventually inserted adapter, if not otherwise eliminated


https://iecnorm.com/api/?name=459138b3e5acd023dfb07e680b40d682

€1

&2

€r2,n

~ - -

—6- 62153-4-9 © IEC:2008(E)

is the vacuum wavelength in m;

is the relative dielectric permittivity of the cable under test;

is the relative dielectric permittivity of the secondary circuit;

is a normalised value of the relative dielectric permittivity of the environment of the cable;
is the frequency in Hz;

is the imaginary operator (square root of minus one);

is the transmission line parameter-inductance;

is the effective coupling length in m;

isa phase factor i the ratio of thesecondary to primmary circuitend-voitages (0770p);

is the feeding power of the primary circuit in W;

is the measured power received on the input impedance;
R of the receiver in the secondary circuit in W;
is the radiated power in the environment of the cable, whigh is le 10 Py p + Py

is the radiated power in the normalised environy
(|1Zs =150 Q and |Av/ v4] =10 % ) in W,

(1)
(2)
(3)

is the input impedance of the fe

is the diffe<z>

i the summ

is i

is the input : Tery circuit formed by the cable in V;

i5 econdary circuit in V;

is

i5 ) characteristic impedance of the cable under test (primary

dircuit)in Q;

is the characteristic impedance of the secandary circuit in Q:

under test (150 Q secondary circuit impedance Z, ) in Q;

Z.om is the common mode (unbalanced);

Z gite

Zg
ZS

Zt

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

is the capacitive coupling impedance of the cable under test in Q/m,
is the normalised value of the characteristic impedance of the environment of the cable

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

The test set up (see Figure 1) is a triaxial system consisting of an outer solid metallic tube in
which are concentrically positioned the first several meters of a longer length of the cable to be
tested. The length of the cable under test that extends past the tube is placed in a highly
shielded box and terminated with common mode and differential mode terminations.

The disturbing circuit (the inner or primary circuit) consists of the test cable which is fed by a
generator and is impedance-matched at the near and far ends. The disturbed circuit (the outer
or secondary circuit) is formed by the solid metallic tube and the short section of the cable
under test covered by the tube The d|sturbed CII’CUIt is termmated at the near end in a short

brated
bssary.
that it
it is
ers for

several cable sizes.

Calibrated receiver

or networkK an. 7 CSZ Termlnat!op resistors gnd

the remaining cable lerjgth
in a highly screened bdx

e e i
| | AN P | o]

s RSDRCCX || ||| 2 ey

| Ll

Signal ?}}Q’ X / ] \ \I - |— J
genkrator 6 — \)i

. Ferrite rings
Tube with open end

un in‘q hig

reened b
IE¢ 355/08

Figure 1 — Principle test set-up

5 THeoretical background

5.1 Unbalanced attenuation a,

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 other
conductor carries the current -/; the screen is without current. In the common mode, both
conductors of the pair carry half of the current +//2; and the screen is the return path with the
current -/.

Under ideal conditions with ideal cables, both modes are independent of one another. Actually
both modes influence each other. Differences in the diameter of the core insulation, unequal
twisting and different distances of the pair. The unsymmetry is caused by the capacitive
unbalance to earth e (transverse - unsymmetry) and the difference of the inductance and
resistance between the two wires r (longitudinal - unsymmetry).

e=Cy -Cp (5)
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r=Ry+ jwxLy)—(Ry+ jwxLy)

(6)

The coupling transfer functions between the two modes at the near and far ends is then

expressed by:

1
Tun

y =—X 1
4 VZdiff XZcom

|
xJ.(jw x €(X) X Zgist XZoom + (X)) we~Vdiff +Vcom) X X gy (7)
0

4
1

XJ (jw x e(x) xZ it XZgom —r(x))

Tllj,f =— X
4 VZdiff XZcom

Zgifs and Z,, are in principle the same coupling transfer functigns
through the screen. The integral may be solved if the distributig
along the cable length is known.

For a [constant unsymmetry along the cable length,
(similaf to the form of the coupling function for cable 8

X (8)

epupling
nctions

sed by

Tuf = (jwxexZ g Zeown S 9)
If the gable is electrically i\t phendomenon as for the coupling throygh the
screen] Depending on |t ty di S en the differential and the common mode
circuit,| the envelope of the approaches a constant value which is frequency

and lepgth indepefid Y 3e velocity difference is zero, then the transfer fungtion at
the far{end incre 2 byK20 dB\perdecade vver the whole frequency range (S¢= 1). In pfactice,

there gre small sy ¢ )
approximately 10 dB p N, s by less then 20 dB per decade.

5.2 Screering-at

The screening atten

Pr,max

1

|

(10)

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

|P2max| | Zr —Z¢ 1 Zt+Zg |

Al w«/Z1><Zz N?HJFME\

(11)
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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:

Uy | Z1 -Z¢ [ i ] Zr +Zf [ i 1
=~ xfl-e P+ ————F _xf1-e /72 |x X
Uy | VEr1 —4/Er2 VEr1 T &2 w X Z4 (12)
Co |
2+(25 IR-)x[1-e77%3 )|
5.3 Coupling attenuation a_
Balanged cables which are driven in the differential mode may radiate a input
power,| due to irregularities in the cable symmetry. For unscreened s, this
radiatiT]n is related to the unbalanced attenuation a,. For screer hlgs, the
unbalapce causes a current in the screen which is then coupled by the tka i darice and
capacitive coupling impedance into the outer circuit. The radi cable
screen|and is related to the screening attenuation ag,.
Conse lanced
cables ; tion ag
of the creen. Since both quantities are usually given in @ Jogaritimic imply be
added : 6
(13)
Coupli thmyic ratio of the feeding power [P, and
the pe x (which may be radiated due to the pgaks of
voltage
(14)
The re e input
imped4
P P
_S — Smax — R (15)
P> Pomax 2xZs
There |will be a variation of the voltage U, on the far end, caused by the electromagnetic
coupling~through the screen and superposition of the partial waves caused by the surface

transfer impedance Z; ,the capacitive coupling impedance Zg (travelling to the far and near
end) and the totally reflected waves from the near end.

6 Measurement

6.1 Equipment
The measurement set-up is shown in Figure 2 and consists of:

e a metallic non ferromagnetic tube with a length sufficient to produce a superimposition of
waves in narrow frequency bands which enable the envelope curve to be drawn;

e a network analyser (a separate generator and receiver may also be used);
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e a balun for impedance matching of unbalanced generator output signal to the characteristic
impedance of balanced cables , see 6.2;

o ferrite rings with an attenuation agie > 10 dB in the measured frequency range;

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

resi

stors.

S21

Network analyzer with
S-Parameter Test-Set

Power amplifier
(if necessary)

Port 1 Port 2

O O

\ Highly screened _—

connecting cables

Preamplifier
(if necessary)

Open tube r_)r_] wiMUT \

6.2

A balu
requirg

The at
range

bf the coupling

he output

sttenuation measurements.

IEC

impedance of the generator (a balun

L —

56/08

is not

generator is used) to the nominal characteristic impedance of

ynamic
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Table 1 — Balun performance characteristics (1 MHz to 1 GHz)

Parameter

Value

Impedance, primary®

50 Q (unbalanced)

Impedance, secondaryb

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)

Output signal balance® >50dB from 1 MHz to 30 MHz

> 50 dB from 30 MHz to 100 MH
> 30 dB from 100 MI/—i\ to G(Flz\

tha O\S\>
€ sy efric

Balanced outputs of the test baluns should be matched to the nomin
bble pair. 100 Q should be used for termination of 120 Q cabling.

[¢]

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

d The insertion loss of a balun shall be mathematically deduced fi 3 inserti

hck-to-back (see also 62153-4-5).

O

oy

pns

2

6.3 Sample preparation

A diffefential mode termination is require e near and far end of the caple.
(17)

The cgnter taps of the e\connected together; and shall be connecteq to the

screens. @
The entire length 0¥t

sast 100 m.

Cable under test

4

Screen

IEC 357/08

Figure 3 — Termination of the cable under test

1 Figures in square brackets refer to the bibliography.
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6.4 Procedure

The pair under test is terminated at the far end by differential and common mode terminations
according to Figure 3. The sample is then centered in the tube and fed by a generator in the
differential mode via a balun.

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 = Z4)] 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 ordé ne the
envelope curve.

Attenugtion introduced by the inclusion of adapters, instead of direcf\conne e taken
into actount when calibrating the triaxial apparatus.
The vdltage ratio measured is not dependent on the dia triaxial

test sef-up or on the characteristic impedance Z, of the o
than thle input impedance of the receiver.

d that Z, ig larger

6.5 Measurement Precautions

The cgble under test shall be positiont ble in the outer tube to| obtain

homogeneous wave propagation.

The bdlun and the remaining i e pfatching resistors, shall be positioned
in a well screened box t@”avqi Q | as to
avoid radiation from th

It is important to place
absorb| interferin

ube to

The at

The co

P1 P1 2XZS
a. =10xlo =10xlo 18
c 910 P 910 Pamon B (18)
= 20xl0g10 Ui +10xlog1o 3009‘ (19)
2max Z1
= 8mmin — 8z +10xlogqg 3000 (20)
1

8 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.

9 Plots of coupling attenuation versus frequency-typical results

Coupling attenuation for 105 Q twinax cable is shown plotted versus frequency on logarithmic
and linear scales respectively in Figures 4 and 5. The same parameter is plotted for FTP cable
in Figures 6 and 7.

al/dB

A WAk
y Y

1000

IEC 358/08

aldB

-110
-120

0 200 400 600 800 1000 1300
fIMHz

IEC 359/08

Figure 5 — Twinax 105 linear
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Figure 7 — FTP linear
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