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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
METALLIC CABLES AND OTHER PASSIVE COMPONENTS –  

TEST METHODS –  
 

Part 4-8: Electromagnetic compatibility (EMC) –  
Capacitive coupling admittance 

 
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 62153-4-8 has been prepared by IEC technical committee 46: 
Cables, wires, waveguides, RF connectors, RF and microwave passive components and 
accessories. 

This second edition cancels and replaces the first edition published in 2006. This edition 
constitutes a technical revision. 

Future standards in this series will carry the new general title as cited above. Titles of existing 
standards in this series will be updated at the time of the next edition. 

This edition includes the following significant technical changes with respect to the previous 
edition: 
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a) use of the triaxial set-up in a similar manner as for the measurement of the transfer 
impedance (see IEC 62153-4-3), 

b) use of vector network analyser instead of capacitance bridge or pulse generator. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

46/684/FDIS 46/690/RVD 

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

This document 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 cables and other 
passive components – Test methods, can be found on the IEC website. 

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

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 CABLES AND OTHER PASSIVE COMPONENTS –  
TEST METHODS –  

 
Part 4-8: Electromagnetic compatibility (EMC) –  

Capacitive coupling admittance 
 
 
 

1 Scope 

This part of IEC 62153 specifies a test method for determining the capacitive coupling 
admittance, the capacitive coupling impedance and the coupling capacitance by the use of a 
triaxial set-up in a similar manner as for the measurement of the transfer impedance (see  
IEC 62153-4-3). Most cables have negligible capacitive coupling; however, in the case of 
cables with loose single-braids, the coupling through the holes in the screen shall be 
determined by the measurement of the capacitive coupling admittance. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements 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 62153-4-3, Metallic communication cable test methods – Part 4-3: Electromagnetic 
compatibility (EMC) – Surface transfer impedance – Triaxial method 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp. 

3.1  
inner circuit 
circuit consisting of the screens and the conductor(s) of the test specimen 

Note 1 to entry: Quantities relating to the inner circuit are denoted by the subscript “1”. See Figure 1 and  
Figure 2. 

3.2  
outer circuit 
circuit consisting of the screen surface and the inner surface of a surrounding test jig 

Note 1 to entry: Quantities relating to the outer circuit are denoted by the subscript “2”. See Figure 1 and  
Figure 2. 
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3.3  
transfer impedance 
ZT 
quotient of the longitudinal voltage induced in the matched outer circuit – formed by the 
screen under test and the measuring jig – and the current fed into the inner circuit or vice 
versa (see Figure 1) 

 

Key 

Z1, Z2 characteristic impedance of the inner and the outer circuits 

U1, U2 voltages in the inner and the outer circuits (n: near end, f: far end) 

I1 current in the inner circuit (n: near end, f: far end) 

l length of the cable, respectively the length of the screen under test 

λ wavelength in free space 

 2
T

1

U
Z

I
=  (1) 

where 

ZT is the transfer impedance; 

U2 is the voltage in the inner and the outer circuits (n: near end, f: far end); 

I1 is the current in the inner circuit (n: near end, f: far end). 

Figure 1 – Definition of ZT 

Note 1 to entry: Transfer impedance is expressed in mΩ/m. 

3.4  
capacitive coupling impedance 
ZF 
quotient of twice the voltage induced to the terminating impedance Z2 of the matched outer 
circuit by a current I1 fed (without returning over the screen) to the inner circuit and the 
current I1 or vice versa (see Figure 2) 

IEC 

Z2 

Z1 

U1 

U2n = U2 

2 
Z2 

ZT 
U2f = U2 

2 

Z1 
u1 

I1n 

I1f 

Z2 

E 

l << λ 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62153-4-8:2018
https://standards.iteh.ai/catalog/standards/sist/d67ab7d0-f643-41c2-9ea5-

c978fcba0928/iec-62153-4-8-2018



IEC 62153-4-8:2018 © IEC 2018 – 7 –  

 

Key 

Z1, Z2 characteristic impedance of the inner and the outer circuits 

U1, U2 voltages in the inner and the outer circuits (n: near end, f: far end) 

I1, I2 current in the inner and the outer circuits (n: near end, f: far end) 

l length of the cable, respectively the length of the screen under test 

λ wavelength in free space 

I2n = I2f 

U1n = U1f 

I2n = I2f = (1/2) × I2 = I2/2 

I2 = I2n + I2f 

 T21
1

f2

1

f2n2
F

2 CjZZ
I
U

I
UUZ ω×==

+
=   (2) 

where 

ZF is the capacitive coupling impedance; 

Z1, Z2 is the characteristic impedance of the inner and the outer circuits; 

U2 is the voltage in the outer circuit (n: near end, f: far end); 

I1 is the current in the inner circuit (n: near end, f: far end); 

TC  is the coupling capacitance. 

Figure 2 – Definition of ZF 

Note 1 to entry: Capacitive coupling impedance is expressed in mΩ/m. 

Note 2 to entry: For multiconductor cables, the inner conductors are shorted together. 

Note 3 to entry: The coupling capacitance CT is dependent on the dielectric permittivity and geometry of the outer 
circuit, whereas the capacitive coupling impedance is invariant with respect to the geometry of the outer circuit and 
nearly invariant with respect to the dielectric permittivity. 

 
02

r2

01

r1
TT21F cCcC

CjCjZZZ
εε

ωω ==   (3) 

where 

ZF is the capacitive coupling impedance; 

CT is the coupling capacitance; 

ω is the circular frequency; 

IEC 

Z2 

U1n 

U2n Z2 
CT 

U2f 

Z1 Z1 
u1 

U1f 

Z2 

l << λ 

I2n 

I2 

I2f 

I1 I1 

Z1 
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c0 is the speed of light, 3 × 108m/s; 

εr1 is the relative dielectric permittivity of the inner circuit (CUT); 

εr2 is the relative dielectric permittivity of the outer circuit (tube); 

Z1 is the impedance of the inner circuit (CUT); 

Z2 is the impedance of the outer circuit (tube); 

C1 is the capacitance of the inner circuit (CUT); 

C2 is the capacitance of the outer circuit (tube). 

As 
2r1r

21
T εε +
∝

CC
C  one gets 

2r1r

r21r
F εε

εε
+

∝Z ; and 50
2r1r

2r1r ,≈
+ εε
εε

 for relative dielectric permittivity in the 

inner and outer circuit in the range from 1 to 3. 

3.5  
capacitive coupling admittance 
YC 
quotient of the current induced in the secondary (inner) circuit to the voltage development in 
the primary (outer) circuit. For electrically short uniform cables 

 TC CjY ω=  (4) 

3.6  
effective transfer impedance 
ZTE 
maximum absolute value of the sum or difference of the ZF and ZT at every frequency 

 TFTE max ZZZ ±=  (5) 

Note 1 to entry: The effective transfer impedance is expressed in Ω. 

3.7  
effective transfer impedance related to a reference impedance of 1 Ω 
ZTE 
maximum absolute value of the sum or difference of the ZF and ZT at every frequency 
expressed in dB (Ω) 

 









×+=

refT,

TE
10TE log20

Z
Z

Z  (6) 

where 
ZT,ref is the reference transfer impedance with a value of 1 Ω 

Note 1 to entry: The effective transfer impedance is expressed in dB (Ω). 

3.8  
coupling length  
Lc 
length of cable which is inside the test jig, i.e. the length of the screen under test 

3.9  
cut-off frequency 
maximum frequency up to which the capacitive coupling admittance can be measured 
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4 Principle 

The test determines the screening effectiveness of a shielded cable by applying a well-
defined voltage to the screen of the cable and measuring the induced voltage in a secondary 
circuit in order to determine the capacitive coupling admittance. This test measures only the 
electrostatic component of the effective transfer impedance ZTE. To measure the magnetic 
component (the surface transfer impedance), the method described in IEC 62153-4-3 shall be 
used. 

5 Test method 

5.1 General 

If not otherwise specified, the measurements shall be carried out at the temperature of 
(23 ± 3) °C. 

The test method determines the capacitive coupling admittance of a cable screen by 
measuring the cable in a triaxial test set-up. A test configuration with an open circuit in the 
inner and outer circuit shall be used. This emphasizes the capacitive coupling compared to 
the magnetic coupling and results in a 6 dB higher signal compared to a configuration where 
the inner circuit is matched. 

The test results are valid in a frequency range up to about 25 MHz, see 5.2. The coupling 
capacitance CT is independent on the frequency. Therefore for frequencies above the cut-off 
frequency, the test results of the capacitive coupling admittance can be extrapolated with  
20 dB/decade, see 3.5. 

5.2 Cut-off frequency 

The cut-off frequency length product is roughly: 

 
π+

≈×
2

1 0

r2r1
cut

c
lf

εε
 (7) 

where 

l is the coupling length of the cable under test; 
c0 is the speed of light, 3 × 108m/s; 

εr1 is the relative dielectric permittivity of the inner circuit (CUT); 

εr2 is the relative dielectric permittivity of the outer circuit (tube). 

I.e. for a coupling length of 1 m and dielectric permittivities of 2,3 and 1,1 in the inner 
respectively outer circuit, the maximum frequency for the measurement of the capacitive 
coupling admittance is 25 MHz. 

Another way to obtain the cut-off frequency is to observe the phase of the capacitive coupling 
admittance respectively measured forward transmission scattering parameter S21, see 5.8. 
The cut-off frequency is reached when the phase starts to deviate from 90 degrees. 

5.3 Test equipment 

The measurement shall be performed using a vector network analyser. 

5.4 Coupling length 

The coupling length shall be not shorter than 0,5 m and not longer than 1,0 m. 
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5.5 Sample preparation 

The test sample shall have a length not more than 50 % longer than the coupling length. 

Coaxial cables are prepared as shown in Figure 3. 

 

Figure 3 – Preparation of test sample for coaxial cables 

One end of the coaxial cable is prepared with a connector to make a connection to the 
receiver. The other end of the coaxial cable is prepared with a well screened open circuit. The 
open circuit shall be made in a way resulting in a small stray capacitance. To minimize 
unwanted coupling into the tube, the exceeding length outside the tube shall be screened with 
an additional tight screen, which shall be in contact with the cable screen (e.g. by wrapping a 
metal foil with minimum 20 % overlap around the cable screen). 

All connections shall be made RF tight and with low RF-contact resistance so that the impact 
of the sample preparation is negligible compared to the test results. 

Screened symmetrical cables are treated as a quasi coaxial system, see Figure 4. Therefore 
the conductors of all pairs/quads shall be connected together at both ends. All screens, 
including those of individually screened pairs/quads, shall be connected together at both 
ends. The screens shall be connected over the whole circumference. 

 

Figure 4 – Preparation of test sample for symmetrical cables 

IEC 

IEC 
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