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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
METALLIC COMMUNICATION CABLE TEST METHODS –  

 
Part 4-0: Electromagnetic compatibility (EMC) –  

Relationship between surface transfer impedance and screening 
attenuation, recommended limits 

 
 

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC 62153-4-0, which is a technical report, has been prepared by IEC technical committee 46: 
Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive components and 
accessories. 

This publication cancels and replaces IEC/TR 62064, published in 1999. 
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The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

46/197/DTR 46/252/RVC 

 
Full information on the voting for the approval of this technical report 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 of the IEC 62153 series, 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 
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. 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62153-4-0:2007
https://standards.iteh.ai/catalog/standards/sist/0001abfb-f018-4c9c-b0a1-

315b9b6c4082/iec-tr-62153-4-0-2007



 – 4 – TR 62153-4-0 © IEC:2007 

 

METALLIC COMMUNICATION CABLE TEST METHODS – 
 

Part 4-0: Electromagnetic compatibility (EMC) – 
Relationship between surface transfer impedance and screening 

attenuation, recommended limits 
 
 
 

1 Scope 

This technical report describes important background material used during the revision of 
IEC 61196-1:1995, Clause 14, Guidance for surface transfer impedance and screening 
attenuation limits for flexible r.f. cables. 

In this technical report, the relationship between surface transfer impedance (ZT) and 
screening attenuation (as) is given, also measurements of ZT and as are provided to show the 
correlation of mean screening attenuation between 200 MHz and 500 MHz and ZT at both 
30 MHz and 300 MHz.  

The sensitivity of as to the relative velocity difference between the inner and outer system is 
shown. The cable data sheet should show the as values in a standardized form  
– Δv/v = 10 % and the characteristic impedance of the outer system is 150 Ω. It is also shown 
that a relative velocity difference change from 10 % to 40 % gives an improvement of 12 dB in 
screening attenuation. 

2 Normative references 

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

IEC/TR 61917, Cables, cable assemblies and connectors – Introduction to electromagnetic 
(EMC) screening measurements 

3 General 

At high frequencies, when the surface transfer impedance ZT and effective transfer 
impedance TFTE fn,

ZZZ ±=  increase 6 dB per octave, the relationship to the screening 

attenuation as is frequency independent and can be written as (see also Figure 1): 
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where  
l is the length of the cable under test; 

D1 is the cylinder diameter; 

E1 is the source voltage; 

Tn,f are the coupling transfer functions; 

‘n’ is for the near end and ‘f’ for the far end; 

U1n is the inner circuit near end voltage; 

U2n is the outer circuit near end voltage; 

U1f is the inner circuit far end voltage; 

U2f is the outer circuit far end voltage; 

Z1 is the characteristic impedance of the cable; 

Z2 is the impedance of the outer circuit; 

εr1 is the cable dielectric permittivity; 

εr2 is the permittivity of the outer circuit; 

co is the velocity of light in vacuum; 

ω is the radian frequency; 

v1 is the propagation velocity of the inner circuit; 

v2 is the propagation velocity of the outer circuit; 

ZF is the capacitive coupling impedance; 

ZT is the surface transfer impedance; 

fn,TEZ  is the effective transfer impedance. 

 

 
l 
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Z2 Z2
Z1 

D1
Z1 v1 

Z2 v2
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1
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Key 

1  inner circuit, cable under test 

2  outer circuit, formed by test line or cylinder or the outer environment as in the absorbing clamp method 

Figure 1 – Concept of screening measurement set-ups 
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When the capacitive coupling impedance ZF is present (spaces in the outer conductor), ZT 
shall be substituted by ZTE.  

"+" sign is for the near end and "–" sign for the far end. Z1 and Z2 are the impedances of the 
inner and outer system and v1 and v2 the corresponding velocities. 

Screening attenuation as is a reliable measure of screening efficiency when the frequency is 
constant. This is true when ZT or ZTE increases 6 dB/octave and the following criterion is 
fulfilled: 

 
r2r1

o
n
f εε

λ

±π
≥l  (4) 

where λo is the wave length in free space. 

At lower frequencies when l is smaller than that found from (4), the coupling attenuation is: 
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More detailed information on the above equations is given in the IEC/TR 61917.  

4 Correlation between measured screening attenuation as and measured 
surface transfer impedances at 30 MHz and 300 MHz 

ZT and as were measured using the same cable construction. Figures 2, 3 and 4 show the 
correlation between as (mean value between 200 MHz and 500 MHz) and the ZT values 
correspondingly at 30 MHz and 300 MHz. 

In Figure 5, typical ZT curves are shown. For single and double braided outer conductors, the 
6 dB/octave increase is reached at 30 MHz but for foil-braid constructions at 30 MHz, ZT can 
still be decreasing. The effect of this can be clearly seen when comparing the test results in 
Figures 2, 3 and 4 for the foil-braid cables. The correlation between as and ZT (30 MHz) is 
poor, but much better between as and ZT (300 MHz). For single and double braided cables, the 
correlation is equally good for 30 MHz and 300 MHz. The increase in the values of ZT which 
should have been 10 fold (20 dB) is somewhat lower. The full 6 dB/octave increase in ZT 
between 30 MHz and 300 MHz has not been reached for all single and double braided cables. 

The ZT(as) correlation line slope from Equations (1) and (2) is –20 dB/decade. 

One reason for the spread in correlation is the strong effect of the velocity differences v2 – v1 
on the as value. To demonstrate this, two lines are shown for 40 % and one for 10 % relative 
velocity difference (|v2 – v1 |/v1). Also, the outer circuit impedance has been altered from 
300 Ω to 150 Ω. 

Other reasons for the wide spread of the correlation points are that only the cable construction 
has been kept the same, but the tested samples are different. It is impossible to use the same 
samples in ZT and as measurements because of the required difference in length of the cable 
under test (CUT). Even if the samples had been the same, a difference of ±6 dB would exist 
when the CUT is removed from the test fixture and then remounted. 

As shown above, the screening attenuation as is dependent on the outer circuit propagation 
velocity and to a lesser extent on the impedance, and decreases rapidly when the velocities v2 
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and v1 approach each other. For these reasons, it has been recommended that as shall also be 
given in standardized conditions asn where the outer circuit velocity differs by 10 % from the 
inner circuit velocity, and the outer circuit impedance is 150 Ω. 

It can be seen from Figures 2 and 3 that the difference is about 10 dB. A drop in relative 
velocity difference from 40 % to 10 % causes a decrease of 12 dB in as. A decrease in 
impedance of 50 % causes an increase in as of 3 dB.  

The values of the standardized condition 10 % relative velocity difference / 150 Ω have been 
shown to be that of a typical cable tray surrounding. Normally, the measurement conditions of 
the absorbing clamp set-up give approximately a 10 dB improvement value for as. 

Figures 5, 6 and 7 show typical test results for single braided, double braided and foil-braid 
outer conductor constructions. 

5 Recommended limits for surface transfer impedance and screening 
attenuation  

In Clause 14 of IEC 61196-1:1995, Table 5 provides the recommended limits. To reach the 
limit of 100 mΩ/m at 30 MHz for single braided cables, some optimization is needed, but even 
values below 50 mΩ/m are not difficult to obtain. A guide for optimization of single braided 
outer conductors is in preparation by the IEC. Some older cable design standards have 
requirements for too great a screen coverage, for example, too much copper in the braid. They 
are so heavily overbraided that a ZT of 300 mΩ/m at 30 MHz is common. 

To reach an as by an absorbing clamp measured screening attenuation of 90 dB for double 
braided cables, some optimization is needed. In CATV networks, an as higher than 85 dB is 
under discussion and an optimized double braided construction may fulfil the requirement. 

When good screening is needed below 30 MHz, the so-called superscreened construction is 
available, i.e. μ-metal tape sandwiched between two braids. 

The most commonly used cable construction, when good screening at relatively high 
frequencies is needed, is the foil-braid type. A copper or aluminium foil of suitable thickness 
and overlap should be used to meet the screening values required. 

At frequencies below 30 MHz, the screening properties should be defined at an upper limit of 
the transfer impedance.  

For foil-braid constructions, a ZT ≤ 5 mΩ/m at 5 MHz and ≤ 50 mΩ/m at d.c. is recommended. 

As it is becoming more common to utilize the 5 MHz to 30 MHz return path of the CATV 
systems, it is important to specify the screening properties below 30 MHz. The relevant values 
should be calculated in cooperation between IEC TC 46 and IEC TC 100/TA5. 
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Measured ZT (30 MHz)  versus absorbing clamp measured 

mean as (200 MHz to 500 MHz) value of same type of cable 
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Figure 2 – Measured surface transfer impedance versus measured mean screening 
attenuation and the calculated relation between ZT and as when ZT is directly 

proportional to frequency at high frequencies 
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where 

Z1  = 75 Ω; 
v1  = 200 Mm/s, assumed for the cable under test; 

Z2 = 300 Ω or 150 Ω; 

v2 = 220 Mm/s ( Δv/v1 = 10 %) or 280 Mm/s (εr2 =1,15 ; Δv/v1 = 40 %); 
co = 300 Mm/s. 
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Measured  ZTEf (30 MHz) line injection results versus absorbing clamp measured 
mean as (200 MHz to 500 MHz) and the calculated relationbetween ZTEf and as 

when ZTEf is directly proportional to frequency at high frequencies 
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Figure 3 – Line-injection versus absorption clamp results at 30 MHz and the calculated 
relation between ZTEf and as when ZTEf is directly proportional to frequency  

 

 
1r2r21

oTEf
10

12
21

TEf
10s

c
log20

11
log20

εεωω −
×−=

−

×−=
ZZ

Z

vv
ZZ

Z
a  (7) 

where 

Z1  = 75 Ω; 
v1  = 200 Mm/s assumed for the cable under test; 

Z2 = 300 Ω or 150 Ω; 

v2 = 220 Mm/s (Δv/v1 = 10 %) or 280 Mm/s (εr2 = 1,15; Δv/v1 = 40 %); 
co = 300 Mm/s. 
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Measured ZTEf (300 MHz) line injection result versus absorbing clamp 

measured mean as (200 MHz to 500 MHz) when ZTEf is directly 
proportional to frequency at high frequencies 
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Figure 4 – Line-injection versus absorption clamp results at 300 MHz and the calculated 
relation between ZTEf and as when ZTEf is directly proportional to frequency 
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where 

Z1 = 75 Ω; 
v1 = 200 Mm/s assumed for the cable under test; 

Z2 = 300 Ω or 150 Ω; 

v2 = 220 Mm/s(Δv/v1 = 10 %) or 280 Mm/s (εr2 =1,15; Δv/v1 = 40 %); 
co = 300 Mm/s. 
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