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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COAXIAL COMMUNICATION CABLES -

Part 1-116: Electrical test methods —
Test for impedance with time domain reflectometry (TDR)

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
national electrotechnical committees (IEC National Committees). The object of IEC «is/to p
ernational co-operation on all questions concerning standardization in the electrical and electronic fie
end and in addition to other activities, IEC publishes International Standards, Technical Specific

the subject dealt with may participate in this preparatory work. Internationali_governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natjonal*Committee intdrested

non-
losely

h the International Organization for Standardization (ISO) in accordance"with conditions determined by

agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters expressy as-nearly as possible, an interngtional
copsensus of opinion on the relevant subjects since each technical“\Committee has representation frpm all
interested IEC National Committees.

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 pf IEC
Puplications is accurate, IEC cannot be held responsible for the way in which they are used or fpr any
misinterpretation by any end user.

In [order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publigations
trapsparently to the maximum extent possible in_their national and regional publications. Any divefgence
bejween any IEC Publication and the corresponding.national or regional publication shall be clearly indicated in
thqg latter.

IEC itself does not provide any attestation -of ’conformity. Independent certification bodies provide conformity
asgessment services and, in some areas,~access to |IEC marks of conformity. IEC is not responsible fpr any
selvices carried out by independent cettification bodies.

Alljusers should ensure that they have-the latest edition of this publication.

No| liability shall attach to IEC (6r,its directors, employees, servants or agents including individual expefts and

megmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any natdre whatsoever, whether direct or indirect, or for costs (including legal fee

ex
Pu

Attention is drawntto.the Normative references cited in this publication. Use of the referenced publicat
indispensable for'the correct application of this publication.

Att
pa

The
Coax
R.F. and microwave passive components and accessories.

blications.

ent rights, TEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61196-1-116 has been prepared by subcommittee

altagbhlac fIEC taonhningl . 14 46— Caoblag—aaira A | R

ention is drawn to the possibility that some of the elements of this IEC Publication may be the subj

age or
5) and

enses arising out of.the publication, use of, or reliance upon, this IEC Publication or any oth¢r IEC

ons is

ect of

46A:

PN~
dal cavits,; Ul 1050 teCAHear—CCommttee—40- Cauvit S, vvlon, vvuvaulqu, ~Tr—COoRHe

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

FDIS Report on voting
46A/1270/FDIS 46A/1283/RVD

ctors,

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 publication has been drafted in accordance with the ISO/IEC Directives, Part 2.


https://iecnorm.com/api/?name=3fee4ef2709cedba4c24d31f62df92c9

-4 - IEC 61196-1-116:2015 © IEC 2015

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 the IEC 61196 series, published under the general title: Coaxial
communication cables, can be found on the IEC website.

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

* reconfirmed,

* wjthdrawn,

* rgplaced by a revised edition, or
+ aended.
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COAXIAL COMMUNICATION CABLES -

Part 1-116: Electrical test methods —
Test for impedance with time domain reflectometry (TDR)

1 Scope

This part of IEC 61196 applies to coaxial communications cables. It specifies test methods for
determining the impedance of coaxial communications cables with time domain reflectometry
(TDRY).

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the\edition cited applieg. For
undated references, the Ilatest edition of the referenced. “document (including| any
amerjdments) applies.

IEC §1196-1:2005, Coaxial communication cables — Part @ Generic specification — Gehperal,
definitions and requirements

IEC §2153-1-1, Metallic communication cables\test methods — Part 1-1: Electrical —
Meadurement of the pulse/step return loss in the\frequency domain using the Inverse Didcrete
Fourier Transformation (IDFT)

3 Terms and definitions

For the purpose of this document/ihe terms and definitions given in IEC 61196-1 apply.

4 PBrinciples

When a step functign,signal is sent to cable under test and the signal pass through the¢ test
point|of cable, paft.of the energy is reflected. The distance (L) from the input end to th¢ test
point| can be calculated by measuring the total signal traveling time (¢) as Figure 1| The
change of impedance can be also calculated by measuring the amplitude of the input and
reflegted signal, as shown in Figure 1.
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Test point

Zio l 4
e

Input signal I >

—» :—» = —p  —p Transmission signal

Reflected signal <+ "4— 14— ! 4—

1 [
I »

Figure 1 — Principle of TDR measurement

The distance L of the test point can be determined by:

VXt _ cxt

2 _ZX\/E

The impedance of the test point should be:

oY
Uin
Z| =Zjy x T+p
1-p
where
L is the distance of the test point, in metres (m);
v is the propagationwelocity, in metres per second (m/s);
t is the total signal-traveling time as shown in Figure 1, in seconds (s);
c is the propagation velocity in free space (3 x 108m/s);
& is the dielectric constant of cable dielectric;

P is reflection coefficient;
U, |isthe voltage of reflected signal, in volts (V);

EC

(1)

(2)

3)

U, Iis the voltage of input signal, in volts (V);
Z is the impedance of the test point, in ohms (Q);

Zy is the impedance of the reference line, in ohms (Q).
5 Test method

5.1 Equipment

Test instrument: A time domain reflectometer (TDR) using a step voltage with enough
resolution and accuracy and rise time less than 100 ps, or a vector network analyzer (VNA)

with time domain capability using a step function in accordance with IEC 62153-1-1.
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Reference components: A precision air-line and a precision load with the same nominal
impedance as the cable under test.

5.2 Test sample

The cable under test (CUT) shall be terminated with suitable connectors at each end, as
shown in Figure 2.

Maximum Lg,m e shall be determined: 3 m or 2 dB at 3 GHz whichever is shorter.

Minimum LMmp.n is mainly dependent on the resolution of TDR system rise time, which shall
be dgtermined by:

2x Isystem X €

Lsample 2 ——— — (4)
sample \/z
where
Lsamgie is the length of test sample shown in Figure 2, in metres (m);

Isystefn IS the rise time of TDR system, in seconds (s);
c is the propagation velocity in free space (3 x 108m/s);

s the dielectric constant of cable dielectric.

e o

I
Connector Connegtor

IEC

Figure 2 — Test sample

For Higher precision, a pair of screw thread connectors suitable to interface of the TR or
VNA should be used:

5.3 Procedure

The grocedure is as follows.

a) Afterfully preheating test instrument, set the test mode to measure impedance of th¢ test
sample.

b) The precision air-line shall be connected between the test instrument and the precision
load, as shown in Figure 3. Set the test range of test instrument to regular impedance
range of the precision air line, and record the average impedance Z;,.
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IEC
Key
1 testlead

2 prdcision air line

3 prdcision load

Figure 3 — Z;, test set-up

For higher precision, test lead shall be as short as\possible.

c) lInsert the test sample between the precision air-line and the precision load, as sho
Flgure 4. Set test range of test instrument to measure within the confines of “Lg,,
shown in Figure 2. Then measure thetimpedance, “Zg,y,6", and record the relevant
of impedance.

O

7

wn in
e as
data

Key
1 testlead
precision air line

test sample

A W N

precision load

Figure 4 — Test set-up with test sample
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d) The test sample shall then be turned end-to-end and the measurement repeated as 5.3 c).

5.4

5.4

Calculation of test data

1 Test instrument deviation calculation

The impedance deviation of test instrument is given by:

6 =20~ Zair
where
4 is the impedance deviation of test instrument , in ohms (Q);
Zy is the nominal impedance of precision air line, in ohms (Q);
Zair is the measured average impedance of precision air line, in ohms (Q).
5.4.2 Correction calculation

The impedance of the test sample is given by:

Z =Zsample +0

where

Z is the impedance of the test sample, in ohms{Q);

Zsamgle s the actual measured impedance of the test sample, in ohms (Q);
6 is the impedance deviation of test instrument , in ohms (Q).

6 Test report

The test report shall include:

7

the test sample length L nyie , in metres (m);
ambient temperature, in degree Celsius (°C);
parameters set in the"VNA (when applicable);
the tolerance of the precision load and air line;
the impedangce of the test sample, in ohms (Q).

equirement

The results at both ends of the test sample shall not exceed the value speciiied in the de
specification.

(6)

ailed
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b Spécifications techniques, des Rapports techniques, des Spécifications accessibles,au public (PAS)
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La Norme internationale IEC 61196-1-116 a été établie par le sous-comité 46A: Cables
coaxiaux, du comité d’études 46 de I'lEC: Cables, fils, guides d'ondes, connecteurs,
composants passifs pour micro-onde et accessoires.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
46A/1270/FDIS 46A/1283/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.
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Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Cette norme doit étre lue conjointement avec I'lEC 61196-1. Elle est fondée sur la deuxiéme
édition (2005) de cette norme.

Une liste de toutes les parties de la série IEC 61196, publiées sous le titre général: Céables
coaxiaux de communication, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives a la puhlir‘afinn recherchée A cette date la pllhlir‘afinn sera

* rgconduite,

* slipprimée,

* rgmplacée par une édition révisée, ou
* amendée.
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CABLES COAXIAUX DE COMMUNICATION -

Partie 1-116: Méthodes d'essais électriques —

Essai d'impédance par réflectométrie dans le domaine temporel (TDR)

1 Domaine d'application

La présente partie de I'lEC 61196 s’applique aux cables coaxiaux de communication
spécifie les méthodes d'essai permettant de déterminer I'impédance des cables coaxia
communication par réflectométrie dans le domaine temporel (TDR - Time- Dd
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calculéeven mesurant I'amplitude du signal d'entrée et du signal réfléchi, comme indiqué¢ a la

Figure 1.
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5 Méthode d’essai

5.1

Equipement

- 14 - IEC 61196-1-116:2015 © IEC 2015
Point d’essai
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Figure 1 — Principe de mesure par TDR
La distance L du point d'essai peut étre déterminée par:
VXt cxt
L=—=—— (1)
2 2><\/Z
Il convient que I'impédance du point d'essai soit:
Ure
p=5= (2)
Uin
7z P (3)
L i0 1—,0
ou
L est la distance du point.d'essai, en métres (m);
v est la vitesse de propagation, en metres par seconde (m/s);
t est le temps total-de déplacement du signal, comme le montre la Figure 1, en secgndes
(s);
c est la vitéssé de propagation en espace libre (3 x 108m/s);
& est la-constante diélectrique du diélectrique du céble;
P est le coefficient de réflexion;
U, estiatensiomdusigmatrefiéchi,emvotts<V);
U, estlatension du signal d'entrée, en volts (V),
Z,  estl'impédance du point d'essai, en ohms (Q);
Z, estl'impédance de la ligne de référence, en ohms (Q).

Instrument d'essai: Un réflectométre dans le domaine temporel (TDR) utilisant une tension
d'échelon ayant une résolution et une précision suffisantes, et un temps de montée inférieur a
100 ps, ou un VNA (analyseur de réseau vectoriel — Vector Network Analyzer) ayant une
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capacité dans le domaine temporel utilisant une fonction échelon conformément a
I''EC 62153-1-1.

Composants de référence: Une ligne a air de précision et une charge de précision
d'impédance nominale identique au cable en essai.

5.2

Echantillon d'essai

Le cable en essai (CUT — Cable Under Test) doit étre équipé de connecteurs adaptés a
chaque extrémité, comme le montre la Figure 2.

La varleur maximale Lgympe doit étre déterminée: 3 m ou 2 dB a 3 GHz, en choisissg
valeu

La valeur minimale L

r la plus faible.

sample

systéme TDR, qui doit étre déterminée par:

ou

Lsamgie est la longueur de I'échantillon d'essai représente a la Figure 2, en métres (m
Isystefn est le temps de montée du systéme TDR, €n secondes (s);

c est la vitesse de propagation en espace libre (3 x 108m/s);

& est la constante diélectrique du diélectrique du céable.

2x Isystem X €

Lsample Z
Vér

nt la

dépend principalement de la résolution du temps. de" montée du

(4)

Figure 2 — Echantillon d'essai

Pour [obtenir une plus grande précision, il convient d'utiliser une paire de connecteurs a
adaptés a-l'interface du TDR ou du VNA.

5.3

L Procédure

e T

N I
Connecteur Connec]

eur

IEC

isser

La procédure est la suivante.

a) Aprés préchauffage complet de l'instrument d'essai, régler le mode d'essai pour mesurer

b)

I'impédance de I'échantillon d'essai.

La ligne a air de précision doit étre connectée entre l'instrument d'essai et la charge de
précision, comme le montre la Figure 3. Régler la plage d'essai de l'instrument d'essai sur
la plage d'impédance réguliére de la ligne a air de précision, et enregistrer I'impédance

moyenne Z;,.
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