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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, Technical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IECNPublication(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.

[ draws attention® to the possibility that the implementation of this document may involve the use
ent(s). IEC 4akes no position concerning the evidence, validity or applicability of any claimed patent ri
pect theréof) As of the date of publication of this document, IEC had not received notice of (a) patent(s)
y be reguired to implement this document. However, implementers are cautioned that this may not rep
latest information, which may be obtained from the patent database available at https://patents.iec.g
1| not. be held responsible for identifying any or all such patent rights.
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IEC 61196-1-112 has been prepared by subcommittee 46A: Coaxial cables, of IEC technical
committee 46: Cables, wires, waveguides, RF connectors, RF and microwave passive
components and accessories. It is an International Standard.

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

This edition includes the following significant technical changes with respect to the previous
edition:

a) added "voltage standing wave ratio" in the title;
b) added 3.1 voltage standing wave ratio (VSWR) and 3.2 return loss (RL);
c) revised Clause 4 "Principle";
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d) added Figure 1 and Figure 2;

e) revised Clause 7 "Number of measuring points";

f) added Clause 8 "Test procedure";

g) added Clause 10 "Information to be given in the relevant specification";
h) added Annex B.

The t

Full i
the a

The |

This
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at wy

2025

ext of this International Standard is based on the following documents:
Draft Report on voting
46A71704/FDIS 46AT1715/RVD

nformation on the voting for its approval can be found in the report on voting indica
bove table.

Anguage used for the development of this International Standard is English.

descilibed in greater detail at www.iec.ch/publications.

This

A lis

Hocument is to be read in conjunction with IEC 61496-1:2005.

communication cables, can be found on the IEC*website.

The gommittee has decided that the contents’ of this document will remain unchanged un

stabil
speci

ffic document. At this date, the document will be

e rgconfirmed,

ed in

Hocument was drafted in accordance with ISO/IEC Directives NPart 2, and developed in
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives{JEC Supplement, avajlable
vw.iec.ch/members_experts/refdocs. The main document\types developed by IEC are

I of all parts in the IEC 61196 series, published under the general title Coaxial

il the

ity date indicated on the IEC webgsjte under webstore.iec.ch in the data related tp the

e wjthdrawn, or
e rgvised.
IMPDRTANT <“The "colour inside" logo on the cover page of this document indicates

that

it contains colours which are considered to be useful for the correct understanding
of ifs contents. Users should therefore print this document using a colour printer.
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COAXIAL COMMUNICATION CABLES -

Part 1-112: Electrical test methods -
Test for return loss and voltage standing wave ratio

1 Scope

This
deter

in communications systems.

2 Normative references

The f

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

For

amerjdments) applies.

IEC §1196-1:2005, Coaxial communication cables — Part 1. Generic specification — Ge

defin

3 Terms and definitions

For t

following apply.

ISO

e |HC Electropedia: available at https://www.electropedia.org/

¢ 130 Online browsing.platform: available at https://www.iso.org/obp

3.1

volta
VSW
ratio,
of the

part of IEC 61196 applies to coaxial communications cables. It specifies test metho
mining return loss (RL) and voltage standing wave ratio (VSWR) of coaxial cablés fg

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

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

tions and requirements

ne purposes of this document, the termis and definitions given in IEC 61196-1 an

lge standing.wave ratio
R
along a'transmission line, of a maximum of the voltage to an adjacent minimum magn
voltage of a standing wave, expressed as the following:

is for
r use

ntent
plies.
any

heral,

d the

and IEC maintain terminology.databases for use in standardization at the follpwing
addrgsses:

itude

Vmax| _ [+ V4]

VSWR = =
|Vmin| |V; - Vr|

where

VSWR is the voltage standing wave ratio;

max

~

min

ﬂw =

is the maximum magnitude of the voltage;
is the minimum magnitude of the voltage;
is the voltage of incident wave;

is the voltage of reflected wave.

(1)
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n loss

2025

ratio of the power of the reflected wave to the power of the incident wave at a specified port or
transverse cross-section of a transmission line, expressed as follows:

wherg

RL

VSWH is the voltage standing wave ratio.

4 PBrinciple

At lo
wave
the te
and t
on th

It is 4
from
part ¢
input

The s
S-par

VSWR -1

Zr - Zn
0 VSR +1

P
RL = -10log,, -~ = —20lo
910 P 910 71 + Zn

=-20log

(2)

is the return loss;

is the power of incident wave;
is the power of reflected wave;

is the measured complex impedance, in ohms (Q), obtainedcffom terminated
measurements where the distant end is terminated in Zg;

is the reference impedance of a transmission line, in chms (Q), (50 Q, 75 Q,
appropriate);

ver frequencies, physical length of the test sample is less than 1/10, where 1 i

st position. At higher frequencies, physical length of the test sample is bigger than
he characteristic impedance reflects;its transmission characteristics. The voltage/cl
b test sample differs at different positions.

ssuming that the shielding-effect of the test sample is good enough with no interfe
putside and no signal leaking out. The input signal a4 of the test sample will transm

f signal b, to the load and also a portion of the signal b; a5 is reflected back at botf
port 1 and the output'load port 2 respectively, as shown in Figure 1.

cable

pr as

5 the

ength, and the test values of the voltage/current on the test sample are independg¢nt of

Al10,
rrent

ence
t one

h the

y the

ignal transmission and reflection characteristics in test sample can be represented &
ameter ingigure 1.
Port 1 DUT Port 2
aq > ~ $21 7% by
311 522
by -— S12 -
Two ports
network

IEC

Figure 1 — S-parameter representing transmission and reflection characteristics
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The definition of S-parameter is based on the signal voltages which are vectors, where:

by = 1811+ azS12

by = 41821 + aSy)

3)

(4)

When the end of test sample is terminated on a precision load, a, = 0 and the input reflection

coefficientTambecalcutatedas Formuta<5):

5 Test equipment

A ved
kit wi

6 H

Test
is cor

assembly as a test sample (TS) as shown.in Figure 2.

The
refled
is ler
desct

the tg

S11=—

A

tor network analyser (VNA) capable of performing §44/S,g\heasurements and a calib
[h calibration standards (open, short, load).

reparation of test sample (TS)

sample to allow direct connection to either, the VNA or terminating load, or both. A
nected to a pair of precision test connectors with small inherent reflections to form a

' »'
) L]

= =

IEC

Figure 2 — preparation of the test sample

change in _return loss for small frequency deviations from the resonance frequen
tion peaks{does not depend on the cable length. However, the maximum value of the
gth-dependent. With decreasing test length, the return loss increases. The chan
ibed™by Aa, | as shown in Formula (6). Therefore, the length of the TS shall be sta

sf\report.

(®)

ation

cable
cable

cy of
peak
ge is
ed in

1-e 20k ]

Adg; =ar (Ly) - a; (Ly) = 20logyg [1 ol
—e

where

L is the length of the test sample, in m;

Aa | is the return loss for the test sample with length Z;

a is the cable attenuation at the measured frequency, in Np/m.
NOTE 1 Np = 8,686 dB, and 1 dB =0,1151 Np.

(6)
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7 Number of measuring points

2025

VNAs measure at discrete frequency points. In order to get the correct measurement for
narrowband peaks in the return loss, the frequency spacing between two neighbouring

meas

urement frequencies shall not be too large.

The bandwidth of reflection peaks is dependent on the cable attenuation. The higher the
attenuation, the larger the bandwidth, and consequently the larger could be the frequency
spacing between two measurement points. The cable attenuation for RF cables is frequency-
dependent and increases with frequency. Thus, finally, the maximum permitted frequency
spacing between two measuring points increases with the measurement frequency [1] [2].

The f]

whersé

Af

a(f)

Vr

Aay ¢
1,4

If not
be Ad

NOTE
Annex

The 1

requency spacing Af between any two measuring points shall be:
300 =
XV,
Af <14x—1 10 10 —1
ey e

MHz;
is the cable attenuation at the measured freqdency, in dB/100 m;
is the relative velocity of the cable;

is the factor which takes into account the difference between theoretical and pra
investigations [3].

specified otherwise, the maximum permitted error caused by the frequency spacing
<1 dB.
r.f

For the requirement on the_ffequency spacing for the measurement of return loss (RL) of RF cablg
A.

umber of measuring points shall meet the requirements of Formula (8).

n> fmax _fmin +1

is the maximum permitted error which can be caused by the frequency spacing, iI: dB;

(7)

is the maximum permitted frequency spacing between two measurement poingts, in

tical

shall

S, see

(8)

Af
where
n is the number of measuring frequency points;
JSmax is the highest frequency to be measured, in MHz;
Jmin is the lowest frequency to be measured, in MHz;
Af is the maximum permitted frequency spacing between two measurement points, in

MHz, calculated for f;,-
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8 Test procedure

8.1

General

The return loss (RL) and voltage standing wave ratio (VSWR) of the TS shall be measured with

the V

NA over the specified frequency range.

The requirements for frequency spacing and measuring frequency point specified in Clause 7

shall

be fulfilled.

a) For some VNA with an infinite number of measuring frequency points, measurement can be

m
fr
F

F
b) F
b
a

calculated by Formula (8).

c) F
fr

p

a

wherg

Afsub

*subx

Aay ¢

1,4

n_n
X

¢ made in one sweep over the specified frequency range if the numberiof frequency

tg Formula (9) and the number of measuring pointsshall be the number of frequency
ailable by the VNA. The highest frequency of®ach subinterval to be measured shall be
determined according to Formula (10).

brmula (8).
br some VNA with a limited number of measuring frequency points, measurement car

ailable by the VNA is not less than the minimum number of measuring points require

br some VNA with a limited number of measuring frequency, points, if the numb
bquency points available by the VNA is less than the minimum, number of measuring

rmitted frequency spacing between two measurement'points shall be calculated accqg

Aoy £
><O‘subx(f)x 10 10 -1

300 x 7

Ao <14 x X
e T

is the maximum permitted frequency spacing between two measurement poi
frequency subinterval "x", in MHz;

/) is the cable attenuation at the minimum measured frequency of freqy
subinterval "x", in dB/100 m;

is-therelative velocity of the cable;

iS'the maximum permitted error which can be caused by the frequency spaci
dB; if not specified otherwise, the maximum permitted error caused by the frequ

[@ade Tn one SWEep over the specified frequency range. In that case, the maximum perritted
bquency spacing between two measurement points shall be calculated accordipg to
prmula (7) and the minimum number of measuring points shall meet the requirement of

also
oints
ment

er of
oints

rgquirement calculated by Formula (8), then the specified.frequency range to be measured
slall be divided into several frequency subintervals. In_each subinterval, the max

mum
rding
oints

(9)

nts in

ency

ng, in
ency

is the factor which takes into account the difference between theoretica
practical investigations.

is the frequency subinterval number of the whole specified frequency range.

| and


https://iecnorm.com/api/?name=7d556557a193481aec514108a34c62e3

-10 - IEC 61196-1-112:2025 © |IEC

fsubx,max < fsubx,min + Afsubx X (NVNA - 1)

2025

(10)

ts, in

uency

where

fsubxrmax IS the highest frequency of the subinterval "x" to be measured, in MHz, in general,
the value should be rounded to the nearest 100 MHz;

Jsubxmin IS the lowest frequency of the subinterval "x" to be measured, in MHz;
For subinterval 1, it is the lowest frequency of specified frequency range;
For subinterval 2, it is the highest frequency of subinterval 1 to be measured
And so on.

Afsub is the maximum permitted frequency spacing between two measurement poin
MHz, calculated according to Formula (9).

Afsub is a constant in each subinterval but is different in subinterval.

Nynal is the number of frequency points available by the VNA.

NOTE| Annex B provides an example of dividing a specified frequency range to"be measured into several fred

subintgervals to measure.

8.2 | Two-port measurement

The two-port measurement procedure is as follows.

a) According to 8.1 to determine the measurement frequency range or subinterval an
nyimber of measuring points.

b) After the VNA is warmed up, set the measurement frequency range and other rg
parameters, and then set its test modesto measure the return loss or voltage standing
rgtio.

c) System calibration.

d) Cpnnect two ends of TS to the:test equipment, measure and record the S;4 and Sy, gr

8.3 | One-port measurement

The gne-port measurement procedure is as follows.

a) Agcording to_8:1.to determine the measurement frequency range or subinterval an
nimber of measuring points.

b) After the MNA is warmed up, set the measurement frequency range and other rg

%T;rameters, and then set its test mode to measure the voltage standing wave ratio or 1

S.

d the
lated

wave

Bphs.

d the

lated
eturn

c) System calibration.

d) Connect A end of TS to the test equipment, the B end to the load, measure and record the
record the S;4 graph.

e) Remove the TS from the equipment, connect the B end to the equipment, the A end to the

lo

ad, measure and record the S4 graph.

9 Failure criterion

The return loss (RL) or voltage standing wave ratio (VSWR) shall be in accordance with the
relevant standards.
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10 Information to be given in the relevant specification

The following information shall be given in the relevant standards:

a) frequency range to be measured;

b) frequency subintervals, if applicable;
c) method to be used;

d) length of the cable to be measured,;

e) test results;

f) difference from this test method.
11 Tlest report

Test feport should include the following information:

a) tgst name;

b) epvironmental conditions;

c) name of the test equipment used, number, and validity of the.measurement;
d) tgst sample and test frequency;

e) tgstresults;

f) ngme of the operator and test date.
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Annex A
(informative)

Requirement on the frequency spacing for the measurement
of return loss (RL) of RF cables

A.1 General

Nowadays, the frequency-dependent characteristics of coaxial cables are measured by the
meawmmwmmﬁw i i fes: re for
narrowband peaks in return loss, the frequency spacing between two neighbduring
measurement frequencies shall not be too large.

IEC §1196-1:19957 required a number of measurement points depending on the fréquency|span
and the sample length:

n25><(f2—f1)><l

150 x v, (A1)
where
n is number of measurement points;
/o is the highest frequency of the interval to bexmeasured, in MHz;
f4 is the lowest frequency of the interval tobe measured, in MHz;
/ is sample length, in meter;
Vr is the relative velocity.

This Formula (A.1) results in high.numbers. For example, the following CATV cable resylts in
about 12 000 measurement points:

e frequency range of 5 MHz to 3 GHz;
o fgamed PE dielectfic;
e cable length ofi100 m.

Usually, the retlirn loss or VSWR for CATV cables is measured on production lengths of 1 00 m
which then.results in numbers which are 10 times higher.

Consjdering coaxial cables, which are used up to 12 GHz or 20 GHz (for example, PE insu|ation
semi-rigid cables or RG flexible cables), Formula (A.1) will result in at least
48 000 measurement points for a length of 100 m.

However, standard VNA in general only provide 1 601 points per frequency sweep. Although
there exist software solutions which in principle provide infinite measurement points, it is of
interest to know how many measurement points are needed to get a correct result.

T This publication has been withdrawn.
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Annex A investigates the bandwidth of resonances in return-loss measurements. The bandwidth
increases with the cable attenuation, i.e. with the frequency. With an increasing resonance
bandwidth, the frequency spacing could be increased, and, thus, the number of measurement
points could be decreased. It is also demonstrated that the bandwidth of the resonance peak is
independent on the cable length.

An investigation has been carried out by K. Erdel. He modelled the reflections by
discontinuously distributed parallel capacitances which are only applicable for certain causes
of the reflection, but, in reality, continuously distributed reflections also exist.

A.2 —Physieal-basies

A.2.1 General

The dritical points in return-loss curves are those with peaks. Those resonant peaks are cgused
by pdriodic variations of the characteristic impedance and could be of very small bandwidth.

Also,|for homogenous cables with concentrated deviations of the charaCteristic impedancg (for
example, at the cable ends), one needs to be careful. In this case, the frequency resporse of
the return loss is changing periodically with a high repetition rate, eSpecially for long distgnces
and dables with low attenuation. But, in general, the reflections caused by the mismatch o¢f the
cable are fewer compared to the reflections caused by structural variations along the pable
length.

A.2.2 Return-loss model
A.2.2.1 General

The |model illustrated in Figure A.1 describes the inhomogeneities of the charactgristic
impedance by reflections. Summing up the reflected waves of each single reflection propagating
to tha beginning of the cable results in.the reflection coefficient at the cable input.

In=1, Zy—1, v~ Inv Zny Y1 Int1, Zy+1, yp+1

> » »
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/‘V
/\‘
4
A

Y
Y
Y
A\
Y

\J,/ v U\V

Figure A.1 — Reflection model

A.2.2.2 Solution taking into account all multiple reflections

A wave propagating from a transmission line » with the impedance Z, to a transmission line
n + 1 with the impedance Z, + 1 is reflected with the reflection factor »,, n + 1. Due to the
reflection, the wave behind the point of the reflection is changed by the factor (1 +»,, n + 1).

Taking into account all multiple reflections and the wave propagation effect results in a
geometric series. For the resulting wave in the backward direction (the sum of the reflected
waves), the following is obtained:
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2 29,1,
> - 1- nn=1 | Tn,n+1€
B, == = ( ) o an (A.2)
U 1_’ﬂn,n—’1rn,n+1e o
_ Zp1 2y
T, 2, 4+2, (A.3)
_Zn1 T 4
Tn,n+1 Z+2, (A4)
br the resulting wave in the forward direction, the following is obtained:
u 1-r, 1 )1+7, e 2
Fn _ f :( n,n 1)( n,n+1) (A5)

. —2ynl;
Ui 1- Tnn=1"n,n+1€ ol

ula (A.2) to Formula (A.5) can be directly applied for the calculation of the res
vard and forward propagating waves of h@mogenous cables with concentrated devig
characteristic impedance (for examplé, at the cable ends).

3 Approximate solution

ula (A.2) to Formula (A.5) are not useful for reflections (continuously) distributed alon
length. However, on condition of small local reflections, multiple reflections ca

e resulting reflection coefficient at the input of the cable.

r(x): lim Z\x+ Ax =

For t

ulting
tions

g the
n be

cted. In this case, the distributed reflections can be integrated along the cable length to

(A.6)

heswave related to the cable inp||t7 the wave prnpngqfinn effect should he taken

into

account. The reflection coefficient at the cable input is then described by:

r(x)= L(x)e_zyx

(A.7)
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For the resulting reflection coefficient (with neglect of multiple reflections), the following is

obtained:

(A.8)

A sinusoidal variation of the local characteristic impedance along the cable length is assumed.

Any qther periodic variation could be described by a sum of sinusoidal functions (Fourier):

Z(x)=Zy 1+ 2% gin| 27 =Zp| 1+ 3z sin 2
/R Y

wher¢
is the mean characteristic impedance;

Az is the geometric wavelength of the impedance variation.

r(x)= 5—Zﬁcos 2,
- 2 iy \iy

For the resulting reflection ceefficient at the input of the cable, the following is obtained:

The ¢able length is always longer than the geometric wavelength of the impedance var

—X
Z

)

(A.9)

A.10)

A.11)

A.12)

ation

L >> Az. Thus, Li1; can be considered as an integer number. Taking this into account resu

L:%.;.“_eﬂﬂ)

Z

\e‘p‘a

Ly
T
/lz

ts in:

(A.13)

The factor in brackets describes the length dependency of the reflection coefficient. The

reflection coefficient is maximum for an infinite length.
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nance is given if:

(

2025

A.14)

with ¢

In thi
refled
any
comp

Inste

Je =2

Jy << B, one gets f 1, =

s case, the reflection coefficient has its only absolute maximum. In practice, harr
tion peaks are often observed. In this case, the impedance/variation is not sinusoidg
ther periodic function which could be (according to Fourier) split in several sinug
onents, where each of them creates a resonance peak:

Tmax = %'ﬁ(']—e_z‘m)

hd of using the phase constant, S, it;is more convenient to use the electrical wavel
z/ B . Then, we get at resonance:

f _ CO (OM.Z J
T ’le,res r 2/12 \/7 2lz \/g

nonic
I, but
oidal

A.15)

ength

A.16)

A.17)

The relation between the reflection coefficient and the return loss is given by:

= -20lg|r| = 20|9H (A.18)
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v mlig

a; =20Ig{5—z- my P
Z

2

}—20@‘(1 _e 2k )‘ (A.19)

and at the resonance, the following minimum return loss is obtained:

2 2“121—20|g(1—e—2“L) (A.20)

07 )

A min = 20'9{

If the|frequency deviates from the resonance frequency, then the return loss changes by(Aa, ;.
Assufing that a and g do not change significantly for small frequency deviations and al4 << 1
resulis in

I = Jres (1i5f)
and (A.21)

50 1

T 1

).
Aaps = a = apmin = 20lg >z +j(1+5f)+ (A.22)
20(12 T arz (1406
. +j(1+6¢)

) 1 1
A:20|”|‘”Z1 | (140¢) - .
af gmz‘ o | e ) (+o)=175 (p-23)
2o = e =72
Aay ¢ gTZa/lz n( () fU (A.24)

2 2
)
Adys ~ 201g 2;12 (2‘%] + 452 :10|g{1+(£5f] } (A.25)
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and finally:

Aaryf
~%“Z710710 _1 (A.26)

b - ‘L
Jres T
where, in Formulae (A.20) to (A.25),
o is the attenuation of the cable, in Np/m, at the measured frequency;
Aay ¢ is the deviation of the return loss from the maximum value at the resonant frequency;
05 is the relative deviation from the resonant frequency;
Az is the geometric wavelength of the periodic impedance variation (see Formula (Al17));
f is the measured frequency, in Hz;
Jres is the resonant frequency caused by periodic impedance variations (see Fofmula
(A.17)).

Note fthat 2J; is the Aa, ¢ bandwidth of the resonant peak (see Figure A.2).

Resonance frequency

Aayg

Measured frequency
| Oidres

IEC
Figure A.2 — Resonance peak

We hpve 'seen that the change in return loss for small frequency deviations from the resonance
frequeney does not depend on the cable length. However, the maximum value of the pgak is
length dependent. From Formula (A.20), with decreasing test length, the return 10ss increases.
The change is described by Aa, | :

1— 2
Aar,L :ar (Lz)—dr (Q):ZOIQ{WJ (A27)
—e

with a (Np/m).

NOTE 1 Np =8,686 dB, and 1dB =0,1151 Np.
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