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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SCREENED BALANCED CABLES -
COUPLING ATTENUATION MEASUREMENT,
TRIAXIAL METHOD

FOREWORD

1) The|IEC (International Electrotechnical Commission) is a worldwide organization for stghdardjzation.con

all phational electrotechnical committees (IEC National Committees). The object 0
intefnational co-operation on all questions concerning standardization in the electyicaland
this| end and in addition to other activities, the IEC publishes International

parficipate in this preparatory work. International, governmental and non,govexnme
witH the IEC also participate in this preparation. The IEC collabafate
Orgpnization for Standardization (ISO) in accordance with conditions d
twolorganizations.

2) Thel formal decisions or agreements of the IEC on technica
inteynational consensus of opinion on the relevant subjects sirice each_teshnic
from all interested National Committees.

3) Thel documents produced have the form of recommengations for/internatiqnal uSe and are published
form of standards, technical specifications, e i y are accepted by the N
Committees in that sense.

4) In gqrder to promote international unificatio tees undertake to apply IEC Inter
Stapdards transparently to the maximum ational and regional standarg
divgrgence between the IEC Standard ang national or regional standard shall be
indipated in the latter.

5) Thel IEC provides no markin gval and cannot be rendered responsible
equjpment declared to be in\¢onfo |ty with
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Following publication of this PAS, the technical committee or subcommittee concerned will
investigate the possibility of transforming the PAS into an International Standard.

This PAS shall remain valid for no longer than 3 years starting from 2002-10. The validity
may be extended for a single 3-year period, following which it shall be revised to become
another type of normative document, or shall be withdrawn."
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SCREENED BALANCED CABLES -
COUPLING ATTENUATION MEASUREMENT,
TRIAXIAL METHOD

1 General

This test method determines the coupling attenuation ac of screened balanced cables. Due
to the concentric outer tube, measurements are independent of irregularities on the
circumference and outer electromagnetic field.

A wide dynamic and frequency range can be applied to test even super s€reéned cablel? with
norma i es in
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3 Definitions and the theoretical background

31

ér
ér2
&2,n

Electrical symbols

is the characteristic impedance of the primary circuit (cable under test)
is the characteristic impedance of the secondary circuit

is a normalised value of the characteristic impedance of
the environment of the cable under test
(150 Q secondary circuit impedance Z, )

is the input impedance of the receiver

;b tiIU tldllbfl:l illlpcddllbc Uf ﬁIU bdbiG ullulb'l tcat ;II [QI’III]
is the capacitive coupling impedance of the cable u
in[Q/m], Z. =Z2,-7, - jo-C;
is the frequency, in Hz

(1)

ed on the input impedance
dary circuit

=27 (e, e, )1/ 4,
9, =27(\Je, +4le. ) 11 2, (2.3.4)
(ﬂ3:¢2_¢1:4”\/51/10
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calibrated receiver termination resistors

or network analyzer U2 and the remaining
cablelength in a high
screened box

[N LA ]

o | A R

U &) | are < = r=n)

| iy | |

oo | T T Uz I I gt
generater | +

balun in a high open tube

screened box

Figure 1 — Principle test set-u

3.2 [Theoretical background
3.2.1 | Unbalance attenuation a,

Screened balanced pairs may be opera . mmon
mode| (unbalanced). In the differential : nductorcarries the current +I and the
other |conductor carries the current - out current. In the common|mode
both ¢ j ; and the screen is the return path

Undef ideal conditions res ively with™ ideal cables both modes are independent of one
another. Actually [ b core
insulation, uneq ged by
the cz ttance
and resi

(5)
(6)

The cpupling betweén the two lines is then expressed by:

/

1 1 Ve
T, =t [(jodx) 2y Zu ()
Zdiff ) Zcom 0
1 1 l ( J(1-x)
; Y dify =V com ) \I=X
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Where Zg is the characteristic impedance of the differential mode (balanced) and Z,, of the
common mode (unbalanced). These are in principle the same coupling transfer functions
compared to the coupling through the screen. The integral could only be solved if the
distribution of the unsymmetry along the cable length is known.

For an unsymmetry being constant along the cable length, the transfer function results in the
same way as for cable screens.

" =\jw-eZ,, -2, *tr) ———e—-5 (9)

/ ( diff ) Zoy  Zoon 4 "7

If the [cable is electrical Tong there is the same phenomenon as for the coupling through the
screen. Depending on the velocity difference between the differential and mode
circuif the envelope of the transfer function approaches a constant va HCh(T uency
and lgngth independent. However if the velocity difference is zero, nction

at the far end increases by 20 dB per decade over the wholg fre F1). In
praxig§ we have small systematic couplings together with g i plings s Tun
incregse by approx. 10 dB per decade and T, by less the

3.2.2
At co 5, the
logarithmic ratio of the feeding powerR; an iodi [ Pr.max

which
attenu

rening

(10)

At hig

(11)

For e
ratio gf the far-end

éedback from the secondary to the primary circuit is negligible, the
bages U, and U, are given by

| 1
‘a)ZI‘

1 e I‘/’Z

L | A A —

— z ——ee o —e

‘Ul ‘ ‘ \]grl_\lgrz l V V
Sy

2+(2,/ R=1)-(1-¢7")

(12)

i.e. formally | A+ B |-C-D, where AC is the far end crosstalk, BC is the reflected near end
crosstalk and D is the mismatch factor.
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Total oscillations of D are
<2dB, if 1<Z,/R <125
.3dB, if Z,/R =14
but 10 dB and more, if Z, / R>3.
Maximum values of AC and BC are given, if

»2=(2N+1)-n and N isan integer

3.2.3 | Coupling attenuation a.
Balanped cables which are driven in the differential mode input
powel, due to irregularities in the cable symmetry. For unsc¢ , this
radiation is depicted by the unbalance attenuation ay. F ~ : =s the
disturbing power from the pair is addltlonal attenuated een. The unbalance
cause »
andc
Consgquently the effectiveness agaist elec ' 2 i anced
cableg is the sum of the unbalance att i i i ion ag
of the 3 ' Simply
be ad

(13)
The Iggarithmic ratio o power
P: max Which ma ® 3 prmed
coupling attenuatis '

(14)
The r input
imped

P P R
_r= r,max — (15)
2 f)Z max 2 .ZS

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 Zr ,the capacitive coupling impedance Zr (travelling to the far and near
end) and the totally reflected waves from the near end.
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4 Measurement
41 Equipment

The measuring set-up is shown in Figure 2 and consists of:

+ 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.

+ A networkanalyser. (A separate generator and receiver may also be used).

¢ A |balun for impedance matching of unbalanced generator oujpu
characteristic impedance of balanced cables (applicable only for sym
sulpsection 4.2.

¢ Fefrite rings with an attenuation agerit> 10 dB in the measures

b the

g), see

¢ Metallic boxes to shield the balun and the remaining cébte_lengt ding "the majching

redistors

power amph ieﬁ

preamplifier
(if necessary)

if necessary)

Ferrit rings

remaining cable length
approx. 100m in the box

ie ables T | [
|

AN -
| /\% Ropen tube” ) with CUT MIUMTSS* load

high screened box high screened box /

L

Figure 2 — Set-up to measure the coupling attenuation
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4.2 Balun requirements

To match the unbalanced output from the generator to the nominal characteristic of the
symmetrical cable, a balun is required. The minimum requirements to the balun 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.

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

Parameter Value
mpedance, primary” 50 Q (unbalanced) (
mpedance, secondary? 100 Q or 150 Q (,bafe\n;;ecﬁ\
nsertion loss” (including matching pads if used) | < 10 dB & \ >
Return loss, bi-directional > 6dB (

Power rating To acm the p>s%/er\éc the
and amglifie a;b\p‘rrc' able
N

denerator

Dutput signal balance® 50 dB MHz o 30 MHz
>5 to 100 MHz
/\(\2 30 dB/fk:m 109 MHz to 1 GHz

Primary impedance may differ i

Balanced outputs of the test b
symmetrical cable pair. 100 Q shall b igation of 120 Q cabling

Measured per ITU- i
Proposed measuremen sgelchd\

N
ommodate/analyser outputs other than 50 Q.
atched”to the nominal impedancg of the

4.3

A diffg i {e te s_reguired for each pair at the near and far end of the cable.
(17)

where

Zoy acteristic differential mode impedance

The center taps of the terminations must be connecied together; the center taps shall be

connected to the screens.

The entire length of the cable shall be at least 100 m.
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Cable under test

Network
Analyser
Generator

or
Signal
Generator

—_———

4.4 Procedure

The the diiferential and common mode
ist nominal values of the characteristic-im
centefed in the tube and fed by a gen

nd by
is then

The q gble is
meas ¢ 3 huator
[assunmng that [ S of the
signal [

Only the peak value 1 ¢ i ini Liation
must S ine the
envelq

AttenyationN | the inclusion of adapters, instead of direct connection, muiist be
takenli en Ca

The vpltagesratio measured is not dependent on the diameter of the outer tube of the triaxial
test spt-up-or on the characteristic impedance Z, of the outer system, provided tha{ Z, is
larger|than the input impedance of the receiver.

4.6 Measurement Precautions

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

The balun and the remaining cable length including the matching resistors, each 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 is important to set the ferrite rings as near as possible to the receiver side of the tube to
absorb interfering, backward travelling waves.
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5 Expression of results

The attenuation of the balun shall be subtracted from the measuring results.

The coupling attenuation ac has to be calculated with the normalised value Zs = 150 Q:

wherg

P P 2.7
a, =10-log,,——=10-log,,|—— —=
r,max 2,max R
=20-log, | ——| +10-log,, @‘
2,max 1
300Q2
= am,min T az + 10 ) loglo ‘
1
ac is the coupling attenuation related to the radiati

impedance of 150 Q in dB.
is the attenuation recorded as mini

6 Requirement

The r

If a li
defing

shall not be_greza

er than the coupling attenuation of the cable provided for the system.

(17)

(18)

(19)

in the

vith a
power
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