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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 
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. 

The International Standard IEC 61196-1-116 has been prepared by subcommittee 46A: 
Coaxial cables, of IEC technical committee 46: Cables, wires, waveguides, R.F. connectors, 
R.F. and microwave passive components and accessories. 

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

FDIS Report on voting 

46A/1270/FDIS 46A/1283/RVD 

 
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. 
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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, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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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 
(TDR). 

2 Normative references 

The following 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 applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 61196-1:2005, Coaxial communication cables – Part 1: Generic specification – General, 
definitions and requirements 

IEC 62153-1-1, Metallic communication cables test methods – Part 1-1: Electrical – 
Measurement of the pulse/step return loss in the frequency domain using the Inverse Discrete 
Fourier Transformation (IDFT) 

3 Terms and definitions 

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

4 Principles  

When a step function signal is sent to cable under test and the signal pass through the test 
point of cable, part of the energy is reflected. The distance (L) from the input end to the test 
point can be calculated by measuring the total signal traveling time (t) as Figure 1. The 
change of impedance can be also calculated by measuring the amplitude of the input and 
reflected signal, as shown in Figure 1. 
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Figure 1 – Principle of TDR measurement 

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

 
r22 ε×

×
=

×
=

tctvL  (1) 

The impedance of the test point should be: 

 
in

re
U
U

=r  (2) 

 
ρ
ρ

−
+

×=
1
1

0iL ZZ  (3) 

where  
L is the distance of the test point, in metres (m); 
v is the propagation velocity, 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 × 108m/s); 
εr is the dielectric constant of cable dielectric; 
ρ is reflection coefficient; 
Ure is the voltage of reflected signal, in volts (V); 
Uin is the voltage of input signal, in volts (V); 

ZL is the impedance of the test point,  in ohms (Ω); 

Zi0 is the impedance of the reference line, in ohms (Ω).  

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. 

Test point 

IEC 

Input signal 

Reflected signal 

Transmission signal 

ZL Zi0 

L 
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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 Lsample shall be determined: 3 m or 2 dB at 3 GHz whichever is shorter. 

Minimum Lsample is mainly dependent on the resolution of TDR system rise time, which shall 
be determined by: 

 
r

system
sample

2

e

ct
L

××
≥  (4) 

where 
Lsample is the length of test sample shown in Figure 2, in metres (m); 
tsystem is the rise time of TDR system, in seconds (s); 

c  is the propagation velocity in free space (3 × 108m/s); 
εr  s the dielectric constant of cable dielectric. 

 

Figure 2 – Test sample 

For higher precision, a pair of screw thread connectors suitable to interface of the TDR or 
VNA should be used. 

5.3 Procedure 

The procedure is as follows. 

a) After fully preheating test instrument, set the test mode to measure impedance of the 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 Zair. 

 

Connector Connector 

Lsample 

IEC 
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Key 

1 test lead  

2 precision air line  

3 precision load 

Figure 3 – Zair test set-up  

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

c) Insert the test sample between the precision air-line and the precision load, as shown in 
Figure 4. Set test range of test instrument to measure within the confines of “Lsample” as 
shown in Figure 2. Then measure the impedance, “Zsample”, and record the relevant data 
of impedance. 

 

Key  

1 test lead 

2 precision air line 

3 test sample 

4 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 Calculation of test data 

5.4.1 Test instrument deviation calculation 

The impedance deviation of test instrument is given by: 

 air0 ZZ −=δ  (5) 

where 

δ  is the impedance deviation of test instrument , in ohms (Ω); 

Z0 is the nominal impedance of precision air line, in ohms (Ω); 

Zair is the measured average impedance of precision air line, in ohms (Ω). 

5.4.2 Correction calculation 

The impedance of the test sample is given by: 

 δ+= sampleZZ  (6) 

where 

Z is the impedance of the test sample, in ohms (Ω); 

Zsample is the actual measured impedance of the test sample, in ohms (Ω); 

δ  is the impedance deviation of test instrument , in ohms (Ω). 

6 Test report 

The test report shall include: 

• the test sample length Lsample , 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 impedance of the test sample, in ohms (Ω). 

7 Requirement 

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

 

_____________ 
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