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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COAXIAL COMMUNICATION CABLES -

Part 1-108: Electrical test methods —
Test for characteristic impedance, phase and group delay,
electrical length and propagation velocity

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of JEC is to p
prnational co-operation on all questions concerning standardization in the electrical and electronic fie
5 end and in addition to other activities, IEC publishes International Standards, Technical Specific
Chnical Reports, Publicly Available Specifications (PAS) and Guides (heregafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC Nafional Committee intg
the subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

eement between the two organizations.

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

L Publications have the form of recommendations for infernational 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 the way in which they are used or fi
interpretation by any end user.

order to promote international uniformity, IEC¥National Committees undertake to apply IEC Publig
hsparently to the maximum extent possibleyin”their national and regional publications. Any dive
ween any |IEC Publication and the corresponding national or regional publication shall be clearly indic

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 the latest edition of this publication.

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

ention”is, drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent’rights. IEC shall not be held responsible for identifying any or all such patent rights.
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htions,
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pm all

htional
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br any

liability shall attach to {EC-or its directors, employees, servants or agents including individual expefts and
megmbers of its technical €emmittees and IEC National Committees for any personal injury, property dam
othler damage of any_hature whatsoever, whether direct or indirect, or for costs (including legal fee

Age or
5) and
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ons is

ject of

International Standard IEC 61196-1-108 has been prepared by subcommitiee 46A: Coaxial
cables, of IEC technical committee 46: Cables, wires, waveguides, R.F. connectors, R.F. and
microwave passive components and accessories.

This second edition replaces the first edition published in 2005. The main changes to the
previous edition is the enclosing of Annex A describing the measurement of phase dispersion.

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

FDIS Report on voting
46A/1039/FDIS 46A/1057/RVD



https://iecnorm.com/api/?name=c5e651e00f45506664a17dfad80c0c65

-4 - 61196-1-108 © IEC:2011(E)

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 standard is intended to be read in conjunction with IEC 61196-1. It is based on the
second edition (2005) of that standard.

A list of all parts of IEC 61196 series, published under the general title Coaxial
communication cables, can be found on the IEC website.

The
the gtability date indicated on the IEC web site under "http://webstore.iec.ch” in the
relatgd to the specific publication. At this date, the publication will be

until
data

* rgconfirmed,

* wjthdrawn,

» rgplaced by a revised edition, or
* amended.

IMPOQRTANT - The 'colour inside’' logo on the cover page of this publication indigates
that | it contains colours which are considered to* be useful for the cofrect
undgrstanding of its contents. Users should therefore print this document usipg a
colopr printer.

A bilihgual version of this publication may bélissued at a later date.



https://iecnorm.com/api/?name=c5e651e00f45506664a17dfad80c0c65

61196-1-108 © IEC:2011(E) -5-

COAXIAL COMMUNICATION CABLES -

Part 1-108: Electrical test methods —
Test for characteristic impedance, phase and group delay,
electrical length and propagation velocity

1 Scope

This
deter
propd

A pro

2 N

mining the characteristic impedance, phase and group delay, electrical(length
gation velocity of coaxial cables for use in telecommunications networks.

cedure to measure phase dispersion of coaxial cable is included as Annex A.

ormative references

The following referenced documents are indispensable for the, application of this docu

For d
of thd

IEC 4
defin

IEC 6
for ca

3 T

ated references, only the edition cited applies. For undated references, the latest e
referenced document (including any amendments) applies.

1196-1:2005, Coaxial communication cables —~{Part 1. Generic specification — Ge
tions and requirements

1196-1-103, Coaxial communication cables — Part 1-103: Electrical test methods -
pacitance of cable

erms and definitions

For the purposes of this document, the terms and definitions given in IEC 61196-1 apply.

part of IEC 61196 applies to coaxial communications cables. It specifies test methods for

and

ment.
dition

heral,

Test

(1)

4 Rarameters
From[the phase-Constant g of a cable, one can derive several parameters:
group delay: dp Ap
Ty =—" R —
 do Aw
phase delay Yij
T, =—
P
propagation velocity 1 )
vV=—=—
T, B
relative propagation velocity v 1 .
VI‘ = — = = mec
c 1,0c

electrical length I=1 . T, C

3)

(4)
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(6)

hdent

ation
ables

characteristic impedance BT

Z,=—"—= P

oC C

where
B is the phase constant in radian/m;
w=2nf is the angular frequency in radian/s;
74 is the group delay in s/m;
7 is the phase delay in s/m;
C is the capacitance in pF/m;
c is the propagation velocity in free space (3-108 m/s);
lo is the electrical length in m;
Imech is the mechanical length in m;
v is the propagation velocity in m/s;
v is the relative propagation velocity;
Z. is the characteristic impedance in Q.
Delay and velocity parameters as well as characteristic impedance are frequency-depe
and rleach an asymptotic value at high frequencies. It is usual to report them at frequencies
highdgr than 200 MHz where the frequency is sufficiently high for the theoretical approxin
always to be valid. Generally, the above-given formulas. are limited to low dispersive ¢
as cqaxial communications cables typically are in their specified frequency range. Me

with @& wider range of application are given in Annex A.

5.1

The ¢

est method

Equipment
quipment to be used consists ‘of:

a capacitance metre or bridge in accordance with IEC 61196-1-103.
a vector network analyser (VNA) capable of performing S,4 measurements.

hods

n the
how
urns,

5.2 | Test sample
Due 1o the cyclictbehaviour of exp(-jsl), a VNA can measure the phase constant g only
range of —180\* to +180 ° respectively from —x to +n and doesn’t give an information
many| phasexturns have already been at the lowest frequency. To avoid hidden phase {
the maximum length of the sample should be:
; 500000
max ZC Cf
where
C is the capacitance of the cable in pF/m according to IEC 61196-1-103;
f is the lowest frequency to be measured in MHz;
Inax is the maximum possible sample length in m;
Zg is the nominal characteristic impedance of the cable.

(7)

This restriction is not applicable if solely group delay is to be measured as then only the
derivative of the phase is important.
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5.3 Procedure

The S,4 or Sy, parameter of the sample shall be measured with the VNA. The phase constant

obtained from this measurement is used to calculate the above-defined parameter.

It has to be assured that the number of measurement point is high enough to detect
phase turn.

The ambient temperature shall be recorded.

every

6 Expressionoftestresults
6.1 | Phase constant g

For the evaluation of the phase velocity, it is necessary to have full phase shift inform

ation.

Normlally, a VNA measures the phase in the range of —n and +=x. In this case, the phasq shift

has fo be transformed into a monotonic decreasing function of frequency in the ran
0 and —x (see Figure 1). Some network analysers provide this function.

Frequency

+7

0°

IEC 2550/11

Figure 1 — Phase shift expanded

As an example far\eemputation, the following source code may be used.

For I|= 2 to number of frequency points

je of

K=0
WHILE Phase (/) > Phase (I -1)
K=K+1
Phase (/) = Phase (I)- K -2x
END While
NEXT 1

The phase constant g is then calculated by:

): Pexp (f)

lsample

B(f

where

B is the phase constant at frequency fin radians/m;

(8)
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Pexp(f) is the expanded phase shift obtained from a S,; or S;, measurement in
radians at the frequency f;

lsample is the sample length in m.

6.2 Phase and group delay

The phase delay is calculated as follows.

The ¢

roup delay is calculated as follows.

ro(f) = LU2)= A1)
0 2l - f1)

f2 =f+ Aﬂ2 Iff2 >fmax thean =fmax
f1 =f'Aﬂ2 iff1 <fmin thenf1 =fmin

Af 0,05 (fmax — fmin)

where
B is the phase constant in radian/m-at*frequency f;
rg(f) is the group velocity in s/m atAfrequency f;
rp(f) is the phase velocity in s/miat frequency f;
Jrmin +[fmax is the lowest respectively highest measured frequency.
6.3 | Velocity of propagation
The Velocity of propagation is-calculated as follows.
f
W(f)=2n-
A1)
v 2n
()= 2x L
c c /3(])
where
B is the phase constant in radian/m at frequency f;
C is the propagation velocity in free space (3-108m/s);
f is the frequency in Hz;
v(f) is the propagation velocity in s/m at frequency f;
ve(f) is the relative propagation velocity at frequency f.
6.4 Electrical length

The electrical length is calculated as follows.

(9)

(10)

(11)
(12)

(13)

(14)

(15)


https://iecnorm.com/api/?name=c5e651e00f45506664a17dfad80c0c65

61196-1-108 © IEC:2011(E) -9-

The 1

wher

B(f)-c

/ =1

e(f) mech 27c'f

where

B is the phase constant in radian/m at frequency f;

C is the propagation velocity in free space (3-108m/s);
f is the frequency in Hz;

Is(f) is the electrical length in m at frequency f.

6.5 | Characteristic impedance

nean characteristic impedance is calculated as follows.

1
E.Zn«f

D

is the phase constant in radian/m at frequencyf;
is the capacitance in F/m;
is the frequency in Hz;

is the mean characteristic impedancédn Q at frequency f.
est report

pst report shall give the test conditions:

mperature,
bmple length,
st frequency range,

imber of measurement points,

ecord the values-0f mean characteristic impedance, phase and group delay, eled
N and propagation velocity.

equirements

alués shall not exceed the requirements of the relevant detail specification.

(16)

(17)

trical
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Annex A
(normative)

Phase dispersion measurement of coaxial cables

11(E)

A.1 Physical background of phase dispersion of coaxial cables

The phase constant of lossless transmission lines is in direct proportion to the frequency:
Lo =L C' =wZyC’

where

By ip the phase constant of lossless transmission line;

o i the angular frequency;

L' is the inductance;

C' is the capacitance;

Zy is the characteristic impedance.

For lgpssy transmission lines, the phase constant gets an additional part which is in prop
to thg square root of the frequency.

y=a+ jB = (R+jeL)G+jaC")
where
y i the propagation constant;
a i the attenuation constant;
p is the phase constant;
R’ is the resistivity;
G’ i the conductance.
The phase constant~can be calculated from the imaginary part of the propagation cor

taking conductor and dielectric losses into account:

@ im[\/(R'Jr jolL' )(G'+jLwC") ]

A.1)

brtion

A.2)

stant

A.3)

o the

The phase dispersion of a lossy transmission line is the difference of its phase constant
phase constant of a lossless transmission line with identical inductance and capacitance per
lengths:

AB=po-PB (A.4)
where

Ap is the phase dispersion.

Distributed parameters R’, L', G' and L' of a transmission line are normally not readily
available from data sheets or measurement. For a precise calculation, the parameters have to
be determined individually.
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For most transmission lines, the following simplifications can be made in the frequency range
of a few hundred MHz:

— inductance inside the conductors can be neglected, the inductance is constant;

— dielectric losses are negligible;

— conductor losses are small.

Taking these simplifications into account, the phase delay of transmission lines can be
described as follows (see Equation (A.5)) [1]1:

[ 11
=~ INL'C'|1+—d .
p N L 2 1J A.5)
where
p |is the phase delay of lossy transmission line;
dq: |is the longitudinal attenuation.
With
L!
7Zn = .| — A.6
0=y )
R!
di=— A7
1= )
o —L+i A 8
27 2Y, -8)
for transmission lines with negligible dielectric losses, Equation (A.8) can be simplified:
ax R A
27, .9)
Equation (A.5) becomes
1p ~ 1ZyC'| 14+ —2 (A.10)
P 0 C(JZ()C' |
With
T :ﬁl (A.11)
[0
the phase constant results
B~ wpC'| 1+ —2 (A.12)
0 CUZOC' |

1 Figures in square brackets refer to the Bibliography.
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With Equation (A.12), the phase constant of lossy transmission lines can be calculated based
on measured figures of characteristic impedance, capacitance and attenuation.

Investigations [2] have shown that the phase dispersion of coaxial cable with corrugated
conductors is not in proportion to the square root of the frequency, rather there is an
additional cubical part. The specific behaviour of corrugated cable becomes relevant only in
high frequency ranges where the corrugation pitch becomes electrically longer. In lower
frequency ranges where the conductor pitch is electrically short corrugated, cables behave

like ¢

A.2

The {
able

must
done
selec

ables with smooth conductors.

" £ ol ’ .

hase measurement must be made with a high resolution vector network analyser t

hat is

0 measure a large number of frequency points in a single sweep, 20 000 for instance. It

in transmission (Sy5, Syq) or reflection mode (Sy4, Sy,). If the reflection mo
ted, the cable should be terminated with a short. To suppress effects of the stru

have the option to calculate the absolute phase. The phase measurementycan either be

de is
ctural

return loss, the gating function should be used with the gate set at thecshort. In this casg, the

phas

To sH
comp
dispe
be m

e reading will have an offset of 180 °, respectively of =.

ow only the phase dispersion, the delay time has to besset such that the linear plart is
ensated. The delay time can be calculated with (10) while/setting a = 0. Since the phase
rsion is typically less than 0,1 % of the total phase, impedance and capacitance hgve to
pasured with very high accuracy. Variation of the delay time by less than 0,1 % can lead

e the
such

both

to phpse dispersion change by more than 10 %. Therefore it is recommended to calculafe the

theorgtical phase dispersion of lossy cable with Equations (1), (4) and (12) first sinc

dispgrsion mainly depends on the measured attenuation. The delay time should be tuned

that the measured curve fits best to the calculaied curve up to frequencies of about 500 NMHz.

A.3 | Example of 1/2" cable with deeply corrugated outer conductor and sm
inner conductor wire

The fpllowing measured values aré€ given:

C' =(82 pF/m

ZO =150 Q

[ =100 m

a @ 200 MHz =4;7 dB/100 m

As dgscribed.in Clause A.2, the following values are calculated:

Tiossidse = 410,0 ns

Tossy =470,43T ns

Setting a phase delay of 410,0 ns for 100 m run of cable gives the phase dispersion curve

show

n in Figure A.1:
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