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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COAXIAL COMMUNICATION CABLES -

Part 1-125: Electrical test methods — Test for equivalent relative
permittivity and equivalent dissipation factor of dielectric
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization.com
national electrotechnical committees (IEC National Committees). The object of IEC is to promote‘intern
operation on all questions concerning standardization in the electrical and electronic fields.-To this e
hddition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IECKPublication(s)”).
paration is entrusted to technical committees; any IEC National Committee interestedsin the subject dea
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with thelnternational Organizat
ndardization (ISO) in accordance with conditions determined by agreemeni-between the two organizat

b formal decisions or agreements of IEC on technical matters express, aS nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr|
brested IEC National Committees.

[ Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for Jthe way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National' Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any divergence be
IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

L itself does not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they have thelatest edition of this publication.

mbers of its technical committées’and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of the. publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn to_the ]Normative references cited in this publication. Use of the referenced publicat
ispensable for thelcarrect application of this publication.

ention is drawn:to‘the possibility that some of the elements of this IEC Publication may be the subject of
hts. IEC shall’/not be held responsible for identifying any or all such patent rights.

brising
htional
d and
tports,
Their
It with
aising
on for
ons.

hAtional
pm all

htional
bf IEC
br any

ations
tween
latter.

ormity
br any

liability shall attach to IEC or its\directors, employees, servants or agents including individual expeits and

age or
5) and
br IEC

ons is

patent

nical

com

119651125 has been prepared by subcommittee 46A: Coaxial cables, of IEC tech
ittee/46: Cables, wires, waveguides, R.F. connectors, R.F. and microwave p

complonents and accessories. It is an International Standard.

ssive

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

Draft Report on voting

46A/1581/FDIS 46A/1596/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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A list of all parts in the IEC 61196 series, published under the general title Coaxial
communication cables, can be found on the IEC website.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

e rgconfirmed,
e wjthdrawn,
e rgplaced by a revised edition, or

e amended.
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COAXIAL COMMUNICATION CABLES -

Part 1-125: Electrical test methods — Test for equivalent relative
permittivity and equivalent dissipation factor of dielectric

1 Scope
This part of IEC 61196 specifies the test method to determine the equivalent relative permi|ttivity
and dissipation factor of dielectric for coaxial cables. It is intended to provide the.di€lectric

properties of finished cables.

2 Normative references

The f

consfitutes requirements of this document. For dated references, only.the edition cited ap

For

amerjdments) applies.

bllowing documents are referred to in the text in such a way that sgme or all of their cdntent

plies.

indated references, the latest edition of the referenced*“-document (including any

IEC §1169-1, Radio frequency connectors — Part 1:'\Generic specification — Ggneral
requitements and measuring methods

IEC §1169-1-2:2019, Radio-frequency connectors <=Part 1-2: Electrical test methods — Insertion
loss

IEC §1196-1, Coaxial communication cables — Part 1. Generic specification — Geheral,

defin

tions and requirements

3 Terms and definitions

IEC 4

ISO ¢
addrg

e |H

For the purposes of this .document, the terms and definitions given in IEC 61196-1 and
1169-1 apply.
nd IEC maintain terminological databases for use in standardization at the follpwing
sses:
C Electropedia: available at https://www.electropedia.org/

O,Online browsing platform: available at https://www.iso.org/obp

e |
3.1
relati

&

ve permittivity

ratio of the capacitance of a capacitor using that material as a dielectric, compared to a similar
capacitor that has vacuum as its dielectric

3.2

equivalent relative permittivity

ge

relative permittivity for a complex medium
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dissipation factor

tano

absolute value of the ratio of the imaginary to the real part of the complex relative permittivity

3.4

equivalent dissipation factor

tano,

dissipation factor for a complex medium

4 PBrincipat

The g

wherg

H ip the magnetic field intensity, expressed in A/m;

g ® m.

™

¢ is a complex form of medium absolute permittivity.

¢ caf

wherg

tano

¢, tanly, g and iare the most important parameters for the insulation characteristics. And

can ¢

is the electric field intensity, expressed in V/m;
is the conductivity, expressed in S/m;

is the angular frequency, expressed in rad/s;

is the absolute permittivity, expressed in F/m;
is the absolute permeability, expressed indd/m;

rott = gF + jweE = jwéE
rotf = — jouH

be derived as:

;= 8 Fide :g(1+ ES J:g(1_jéj —&(1- jtans)
Jb Jjwe we

is the dissipation factor, no unit.

Iso be derived as:

[e=gn-¢
0—&

H= g

where

gg Is the absolute permittivity of vacuum, expressed in F/m;

U is the absolute permeability of vacuum, expressed in H/m;

is the relative permittivity, no unit;

4, is the relative permeability, no unit.

inusoidal electromagnetic fields can be expressed as a Maxwell Equation as the-following:

they


https://iecnorm.com/api/?name=35f6302e29d2b55264622c54d89d3d74

IEC 61196-1-125:2022 © |EC 2022 -7 -

In SI

~

£ ~——107° F/mor g =
36T Ho - €6

units:

L F/m

2

g ~ 411077 H/m,

cp is the speed of light in vacuum, ¢y = 299 792 458 m/s

For c
cond
be ca

Howse

a combination of material and air with complicated complexes constitute various coaxial ca

Therg
need
respe

5 Test procedures

5.1

The gpecimen needs to be well prepared by making a cable assembly with uniform characte

impe
ends
the rq

If the
this
IEC 6

5.2
The f]
- A

- A
ol

pble design, ¢ and ug are the constant values. Besides, g4, is also a constant value
Iictor is a non-magnetic material and it equals 1. So, ¢, is the only parameter that nee
mputed.

ver, the insulation structure in the coaxial cable is not a homogeneous,one. Conve

fore, the equivalent relative permittivity ¢, and equivalent dissipation factor tang
ed and they represent the ¢, and tand, of the complex medium in‘the finished coaxial g
ctively.

Preparation of specimen

jance of the connectors at both ends. For the ultra-low loss cable, the connectors af
have an obvious contribution to the-total loss. For the purpose of this recommend
und-trip loss of the specimen should be greater than 40 dB.

cable has a very short reach application, the round-trip loss may be less than 40d
case, the connectors’ insertion loss shall be taken into account in accordance
1169-1-2:2019, 4.1.1, method 1.

Equipment
pbllowing equipment may be used:

vector network analyser (VNA) capable of performing S,4 measurements.

set(of*mechanical or electronic calibration standard kits. Their frequency range s
vef the entire test frequency range.

if the
ds to

rsely,
bles.

L are
able,

ristic
both
ation,

B. In
with

nould

5.3

Calibration

The attenuation of the test setup (including the test leads and connectors) should be calibrated
by performing S,4 measurements over the whole specified frequency range. As the phase delay
is used for calculating the equivalent relative permittivity, the minimum number of measurement
points should be determined using the following formula:

N2[(fa-f)140]-L

where

f is the frequency, expressed in MHz;

L is the length, expressed in m.
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5.4 Measurement
5.4.1 Equivalent relative permittivity

Connect the specimen to the test ports of calibrated VNA. The phase constant should be
measured over the whole specified frequency range. According to IEC 61196-1-108:2011, the
phase delay 7, can be computed by the following formula:

Tp(fF%

wherg
L) is the phase constant at frequency f, expressed in radians/m;
2m-f| is the angular frequency f, expressed in radians/s;

75() is the phase delay at frequency f, expressed in s/m.

The ghase delay 7o can be used for calculating the equivalent relative permittivity in accordance
with 6.1.

5.4.2 Equivalent dissipation factor

Conngecting the specimen to the test ports of calibrated YNA. The attenuation constant should
be measured over the whole specified frequency range-

If the|round-trip loss is less than 40 dB, the real attenuation of the cable should be calcylated
by suibtracting the loss of the connectors in ‘accordance with IEC 61169-1-2:2019, 5.3.1,
method 1.

The attenuation constant can be used-fon calculating the equivalent dissipation factor angle ¢
in acg¢ordance with 6.2.

6 HBxpression of test results

6.1 Expression of equivalent relative permittivity

The gquivalent relative permittivity ¢, can be computed by a simultaneous equation:

et 1 _ 1 _3x108
NE U \/80~86~/l0',ue \/3;><10_9><ge><4-|-r><10—7><1 \/g
T

LT

where
v(f) is the propagation velocity at frequency f, expressed in m/s;

g is the equivalent relative permittivity, no unit;

e

Ue is the equivalent permeability, no unit.

NOTE 4, is a constant value if the conductor is a non-magnetic material and it equals 1.


https://iecnorm.com/api/?name=35f6302e29d2b55264622c54d89d3d74

IEC 61196-1-125:2022 © |EC 2022 -9-

6.2 Expression of equivalent dissipation factor
The equivalent dissipation factor angle 6 can be computed by the following steps:

a) In accordance with IEC 61196-1-113:2018, the attenuation constant of a cable as a function
of frequency can be expressed as shown in the following equation:

D
i(f)= AJf +Bf +C+ =
Ofit f

where

ag is the fitted attenuation of the attenuation constant, in dB/100 m;

f is the frequency, in MHz;

n

is the coefficient for the losses in the inner and outer conductors owing to thg skin
effect;

B is the coefficient for dielectric loss;

C is the constant component;

D is the optional coefficient for the losses in copper-clad cofiductors.
B

y using the form fitting, the coefficient 4, B, C, D can be caleulated in the following matrix:

.

N N 3 N 1 N 1/ ]
2 i Zfié Zf,-é y Za(fi)-f,-é
i=1 i=1 j

=1

Il
A

N
> alf) f;

i=1

xk %a(fi)

i=1

NV N 1 N _1
N Zfﬁ Zfﬁ 1 Xah) 5 %2
=1 i=1 i=1

N 3 N
Zfﬁ DI W/
i=1 i=1 -

L
=
R

N 1 N
Zf,-é D fi oV N
i=1 i

-1

M=
}‘\

O O W A

M= L

Il
N

z

DTE Sometimes, the form fitting has an over-smooth effect for the measured values and the coeffigient C
tufns out to be a negativervalue. In this case, the coefficient C shall revert to zero.

b) With the determined coefficient B and the known parameter ¢, from 6.1, the equiyalent
diissipation factor angle ¢ can be calculated with by using the following formula:

tanée = m
’ e

where

tand, is the equivalent dissipation factor angle ¢, no unit.

7 Test report

Test report shall give the following information:

— test sample length;
— test temperature;
— test parameter.
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8 Requirements

The characteristic values of equivalent relative permittivity and equivalent dissipation factor
should not exceed the range of design values specified in the detail specification.
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