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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

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.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 61156-1:2007+AMD1:2009 CSV. A vertical bar appears
in the margin wherever a change has been made. Additions are in green text, deletions
are in strikethrough red text.
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IEC 61156-1 has been prepared by subcommittee 46C: Wires and symmetric cables, of IEC
technical committee 46: Cables, wires, waveguides, RF connectors, RF and microwave passive
components and accessories. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2007 and Amendment 1
published in 2009. This edition constitutes a technical revision.

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

a) modification of the scope in Clause 1 and updating of normative references documents in
Clause 2;
b) addition of PoE-related definitions in Clause 3;

c) clarification of differential-mode and common-mode resistors, correction of formulae and
addition of IEC 62153-4-9 test method for coupling attenuation in Clause 6;

d) introduction of balunless measurement method in 6.3.1, modification of equipment
requirements of unbalance attenuation in 6.3.5 and updating of balun’s performance in
Table 1;

e) deletion of ‘three layers of cables on a drum’ method in alien (exogenous) near-end crosstalk
measurement in 6.3.8 and addition of terminated input impedance in 6.3.11.4.

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

Draft Report on voting

46C/1242/FDIS 46C/1249/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 and French.

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/standardsdev/publications.

A list of all parts in the IEC 61156 series, published under the general title Multicore and
symmetrical pair/quad cables for digital communications, can be found on the IEC website.

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 reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - 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 its
contents. Users should therefore print this document using a colour printer.
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

1 Scope

This part of IEC 61156-is applicable to-communication systems such-as ISDN, local area
networks-and-data-communication-systems-and specifies the definitions, requirements and test

methods of multicore, symmetrical pair and quad cables.

This document is applicable to communication systems such as local area networks (LANs) and
data communication cables. It is also applicable to cables used for industrial applications,
customer premises wiring and generic cabling comprising installation cables and cables for
work area wiring which are defined in ISO/IEC 11801 (all parts).

The cables covered by this document are intended to operate with voltages and currents
normally encountered in communication systems. While these cables are not intended to be
used in conjunction with low impedance sources, for example the electric power supplies of
public utility mains, they are intended to be used to support the delivery of low voltage remote
powering applications including but not restricted to Power over Ethernet as specified in
ISO/IEC/IEEE 8802-3. More information on the capacity to support these applications according
to the installation practices are given in IEC 61156-1-4, IEC TR 61156-1-6 and
ISO/IEC TS 29125.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60028, International standard of resistance for copper

IEC 60189-1:49862018, Low-frequency cables and wires with PVC insulation and PVC sheath
— Part 1: General test and measuring methods™

IEC 60304, Standard colours for insulation for low-frequency cables and wires

1) There oxists a 2007 edition of 601891 Documents
Document Sharing Hub
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IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
mixed flame

IEC 60332-2-2, Tests on electric and optical fibre cables under fire conditions — Part 2-2: Test
for vertical flame propagation for a single small insulated wire or cable — Procedure for diffusion
flame

IEC 60332-3-24, Tests on electric and optical fibre cables under fire conditions — Part 3-24:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category C

IEC 60332-3-25, Tests on electric and optical fibre cables under fire conditions — Part 3-25:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category D

IEC 60708, Low-frequency cables with polyolefin insulation and moisture barrier polyolefin
sheath

IEC 60754 2, Test on gases evolved durmg combustlon of—e#eet.qe materials from cables — Part

IEC 60794-1-21:2015, Optical fibre cables — Part 1-21: Generic specification — Basic optical
cable test procedures — Mechanical test methods

Document Sharing Hub

Full document details: IEC 61156-12023 RLV


http://avadocuments2026.com/doc/iec-61156-1-2023-rlv
http://avadocuments2026.com/doc/iec-61156-1-2023-rlv

IEC 61156-1:2023 RLV © IEC 2023 -9 -

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials
Part 201: General tests — Measurement of insulation thickness

IEC 60811-202, Electric and optical fibre cables — Test methods for non-metallic materials
Part 202: General tests — Measurement of thickness of non-metallic sheath

IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials
Part 203: General tests — Measurement of overall dimensions

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials
Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

IEC 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 501: Mechanical tests — Tests for determining the mechanical properties of insulating and
sheathing compounds

IEC 60811-502, Electric and optical fibre cables — Test methods for non-metallic materials
Part 502: Mechanical tests — Shrinkage test for insulations

IEC 60811-504, Electric and optical fibre cables — Test methods for non-metallic materials
Part 504: Mechanical tests — Bending tests at low temperature for insulation and sheaths

IEC 60811-506, Electric and optical fibre cables — Test methods for non-metallic materials
Part 506: Mechanical tests — Impact test at low temperature for insulations and sheaths

IEC 60811-508, Electric and optical fibre cables — Test methods for non-metallic materials
Part 508: Mechanical tests — Pressure test at high temperature for insulation and sheaths

IEC 60811-509, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 509: Mechanical tests — Test for resistance of insulations and sheaths to cracking (heat
shock test)

IEC 60811-510, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 510: Mechanical tests — Methods specific to polyethylene and polypropylene compounds
— Wrapping test after thermal ageing in air

IEC 61034 (all parts), Measurement of smoke density of cables burning under defined
conditions

IEC TR 61156-1-22, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-2: Electrical transmission characteristics and test methods of symmetrical pair/quad
cables

IEC TR 61156-1-5, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-5: Correction procedures for the measurement results of return loss and input impedance

IEC 61196-1-105, Coaxial communication cables — Part 1-105: Electrical test methods — Test
for withstand voltage of cable dielectric

2 |EC TR 61156-1-2 is due to become a TS in 2023. Document5|
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| IEC 62012-1:20042002, Multicore and symmetrical pair/quad cables for digital communications
to be used in harsh environments — Part 1: Generic specification

| IEC 62153-4-3:2013, Metallic communication cables test methods — Part 4-3: Electromagnetic
compatibility (EMC) — Surface transfer impedance — Triaxial method

IEC 62153-4-5, Metallic communication cables test methods — Part 4-5: Electromagnetic

| compatibility (EMC) —Ceupling—er-sereening Screening or coupling attenuation — Absorbing
clamp method

IEC 62153-4-9, Metallic communication cable test methods — Part 4-9: Electromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method

IEC 62255 (all parts), Multicore and symmetrical pair/quad cables for broadband digital
communications (high bit rate digital access telecommunication networks) — Outside plant
cables

ISO/IEC TS 29125:2017, Information technology — Telecommunications cabling requirements
for remote powering of terminal equipment

3 Terms and definitions

For the purposes of this document, the following terms and definitions;—as-weH-as-those-given
rHEC-60050-726; apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

resistance unbalance

difference in resistance of the conductors within a pair or one side of a quad or between pairs
or quads

Note 1 to entry: Resistance unbalance is expressed as a percentage (%).

3.2

mutual capacitance

electrical charge storage parameter of a pair of conductors (or with respect to the side of a
quad)

Note 1 to entry: Mutual capacitance is one of the four primary transmission line parameters: mutual capacitance,
mutual inductance, resistance and conductance.

Note 2 to entry: Mutual capacitance is expressed in pF/m..

Documents
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3.3

capacitance unbalance to earth

arithmetic difference of the capacitance to earth of the conductors of a pair or one side of a
quad

Note 1 to entry: Capacitance unbalance is expressed in pF/m.

3.4

screen

continuous conducting layer or assembly of conducting layers having the function of reducing
the penetration of an electric, magnetic or electromagnetic field into a given region

[SOURCE: IEC 60050-195:2021,195-02-37, modified — "continuous conducting layer or
assembly of conducting layers having the function of reducing " has replaced "device intended
to reduce "]

3.5
balun

I bal ¥ i ﬁ

device to provide impedance transformation between balanced and unbalanced components
[SOURCE:ISO/IEC 11801-4:2017, 3.1.2]

3.6

balunless

virtual balun used instead of the physical transformers, achieved by mathematical algorithm,
and calculated from lumped parameters or distributed parameter network

3.7

transfer impedance

2

quotient of the longitudinal voltage of an electrically short uniform cable, induced in the outer
circuit — formed by the screen under test and the measuring jig — and the current fed into the
inner circuit — the cable under test itself or vice versa, related to unit length

Note 1 to entry: Transfer impedance is expressed in mQ/m.

[SOURCE: IEC 62153-4-3:2013, 3.3, modified — "of an electrically short uniform cable" has
been added, "outer circuit" has replaced “matched outer circuit", “the cable under test itself"
has been added, “related to unit length" has replaced "(see Figure 1)".]

3.8
coupling attenuation

for a screened balanced cable, the sum of the effects of the unbalance attenuation a( of the
symmetric pair and the screening attenuation a4 of the screen of the cable under test

Note 1 to entry: For electrically long devices, i.e. above the cut-off frequency, the coupling attenuation o, is defined
as the logarithmic ratio of the feeding power P, and the periodic maximum values of the coupled power P max in the
outer circuit.

Note 2 to entry: Coupling attenuation is expressed in dB.

[SOURCE: IEC 62153-4-7:2021, 3.4, modified —“cable" has replaced “device", “sum of the
effects’™ has replaced “sum", Note 2 has been added.] Documents
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3.9

current carrying capacity

maximum current a cable circuit (one or several conductors) can support resulting in a specified
increase of the surface temperature of the conductor beyond the ambient temperature, not
exceeding the maximum allowed operating temperature of the cable

3.10
velocity of propagation
| {phase velocity)
speed at which a sinusoidal signal propagates on a pair in the cable

Note 1 to entry: Velocity of propagation is expressed in m/s.

3.11
| (phase delay)
delay
time duration between the instants that the wave front of a sinusoidal travelling wave, defined
by a specified phase, passes two given points in a cable

Note 1 to entry: Phase delay is expressed in s/m.

3.12
differential phase delay
| (delay skew)
difference in phase delay between any two pairs in the cable

Note 1 to entry: Differential phase delay (skew) is expressed in s.

3.13
attenuation
decrease in magnitude of power of a signal that propagates along a pair of a cable

Note 1 to entry: Attenuation is expressed in dB/m.

3.14
ambient temperature
temperature of the room or space surrounding the cable

| Note 1 to entry: Ambient temperature is expressed in degree Celsius (°C).

3.15
operating temperature
surface temperature of the conductors of a cable

Note 1 to entry: The operating temperature is the sum of the ambient temperature and of the temperature increase
due to the carried power.

Note 2 to entry: Operating temperature is expressed in degree Celsius (°C).

3.16
unbalance attenuation

logarithmic ratio of the differential mode power to the common mode power in a balanced line,
or vice versa

Note 1 to entry: Unbalance attenuation is expressed in dB.

Note 2 to entry: Unbalance attenuation is also often referred to as conversion loss: TCL (transverse conversion
loss), TCTL (transverse conversion transfer loss), LCL (longitudinal conversion loss), LCTL (Iongitudiﬂaements
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transfer loss), EL TCTL (equal level transverse conversion transfer loss) and EL LCTL (equal level longitudinal
conversion loss transfer loss).

3.17

transverse conversion loss

TCL

logarithmic ratio of the differential-mode circuit power at the near end and the common-mode
coupling power measured at the near end

3.18

equal level transverse conversion transfer loss

EL TCTL

output-to-output measurement of the logarithmic ratio of the differential-mode circuit power at
the near end and the common-mode coupling power measured at the far end

Note 1 to entry: EL TCTL is calculated by the difference between the measured TCTL and the differential-mode
insertion loss of the disturbed pair.

3.19

near-end crosstalk

NEXT

magnitude of the signal power coupling from a disturbing pair at the near end to a disturbed
pair measured at the near end

Note 1 to entry: Near-end crosstalk is expressed in dB.

3.20

far-end crosstalk

FEXT

magnitude of the signal power coupling from a disturbing pair at the near end to a disturbed
pair measured at the far end

Note 1 to entry: Far-end crosstalk is expressed in dB.

3.21

power sum of crosstalk

PS

summation of the crosstalk power from all disturbing pairs into a disturbed pair

Note 1 to entry: The summation is applicable to near-end and far-end crosstalk.

Note 2 to entry: The power sum of crosstalk is expressed in dB.

3.22

attenuation to crosstalk ratio, far-end

ACR-F

arithmetic difference between the far-end crosstalk and the attenuation of the disturbed pair

Note 1 to entry: Attenuation to crosstalk ratio, far-end, is expressed in dB.

3.23

alien (exogenous) near-end crosstalk

ANEXT

near-end crosstalk where the disturbing and disturbed pairs are contained in different cables
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Note 1 to entry: Alien (exogenous) near-end crosstalk is expressed in dB.

3.24

alien (exogenous) far-end crosstalk

AFEXT

far-end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1 to entry: Alien (exogenous) far-end crosstalk is expressed in dB.

3.25

alien (exogenous) far-end crosstalk

AACR-F

far-end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1 to entry: Alien (exogenous) far-end crosstalk is expressed in dB.

3.26

power sum of alien (exogenous) near-end crosstalk

B

PS ANEXT

summation of the near-end alien (exogenous) crosstalk power from all disturbing pairs into a
disturbed pair in different cables

Note 1 to entry: The power sum of alien (exogenous) near-end crosstalk is expressed in dB.

3.27

power sum of alien (exogenous) far-end crosstalk

PS AACR-F

summation of the alien (exogenous) far-end crosstalk power from all disturbing pairs into a
disturbed pair in different cables

Note 1 to entry: The power sum of far-end alien (exogenous) crosstalk is expressed in dB.

3.28

characteristic impedance

Zc

impedance at the input of a homogeneous line of infinite length

Note 1 to entry: The impedance value is expressed in Q,-calculated at relevant frequencies, as the square root of

the product of the impedance measured at the near end (input) of a cable pair when the far end is terminated by-a
shert- an open circuit load and then an-epen- short circuit load.

Note 2 to entry: The asymptotic value at high frequencies is denoted as Z_.

Note 3 to entry: The characteristic impedance of a homogeneous cable pair is given by the quotient of a voltage
wave and current wave which are propagating in the same direction, either forwards or backwards.

Note 4 to entry: For homogeneous ideal cables, this test method yields a flat smooth curve over the whole frequency
range. Real cables with distortions give curves with some roughness.

3.29
terminated input impedance
A

n
impedance value, expressed in Q, at relevant frequencies, measured at the near end (input)
when the far end is terminated with the system nominal impedance, Zg

(See IEC/TR 62152.)
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3.30

fitted characteristic impedance

Zm

impedance value, expressed in Q, calculated by applying a least squares function fitting
algorithm to the measured characteristic impedance values

3.31

mean characteristic impedance

Ze

asymptotic value at which the characteristic impedance approaches at sufficiently high
frequencies (=100 MHz) such that the imaginary part (phase angle) is insignificant

Note 1 to entry: Normally measured from the capacitance and time delay.

Note 2 to entry: Applicable for cables with frequency independence of mutual capacitance.

3.32

return loss

RL

ratio of reflected power to input power at the input terminals of a cable pair

Note 1 to entry: Return loss is expressed in dB.

3.33
bundled cable
grouping or assembly of several individual cables that are systematically laid up

Note 1 to entry: Bundled cables are also referred to as speed-wrap, whip, or loomed cables.

3.34
remote powering
supply of power to application specific equipment via balanced cabling

[SOURCE: ISO/IEC TS 29125:2017, 3.1.5]

3.35

safety extra-low voltage

SELV

AC voltage the RMS value of which does not exceed 50 V or ripple-free DC voltage the value
of which does not exceed 120 V, between conductors, or between any conductor and reference
earth, in an electric circuit which has galvanic separation from the supplying electric power
system by such means as a separate-winding transformer

Note 1 to entry: Maximum voltage lower than 50 V AC or 120 V ripple-free DC may be specified in particular
requirements, especially when direct contact with live parts is allowed.

Note 2 to entry: The voltage limit should not be exceeded at any load between full load and no-load when the source
is a safety isolating transformer.

Note 3 to entry: Ripple-free qualifies conventionally an RMS ripple voltage of not more than 10 % of the DC
component; the maximum peak value does not exceed 140 V for a nominal 120 V ripple-free DC system and 70 V for
a nominal 60 V ripple-free DC system.

3.36

continuous operating temperature

coT

maximum temperature which ensures the stability and integrity of the material for the expected
life of the equipment, or part, in its intended application

3.37

hygroscopic

characteristic of a material to absorb moisture from the atmosphere Documents
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3.38
wicking
longitudinal flow of a liquid in a material due to capillary action

4 Installation considerations

The cables shall be designed to meet the installation conditions encountered for each area as
follows.
a) Equipment cables

The cables are used between work stations and peripheral equipment (for example, printer).
b) Work area cables

The cables are used between the work station and the communication outlets.
c) Horizontal floor wiring cables

The cables are used between the work area communication outlet and the communication
closet.

d) Riser cables and building back-bone cables
The cables are used for horizontal installation or vertically between floors.
e) Campus cables

These cables are used to interconnect buildings and shall be suitable for outdoor
installation. The cables—should shall be sheathed and protected in accordance with
IEC 62255 (all parts).

f) Delivery of power

For cables delivering power using only SELV systems for remote powering, the COT shall
be considered.

NOTE The related document is IEC 60364-7-716.

5 Materials and cable construction

5.1 General remarks
The choice of materials and cable construction shall be suitable for the intended application

and installation of the cable.-Particularcare-shall-be-taken-to-meet Any special requirements
for EMC (electromagnetic compatibility), fire performance, or SELV should be considered.

5.2 Cable constructions

5.2.1 General

The cable construction shall be in accordance with the details and dimensions given in the
relevant detail specification.

5.2.2 Conductor

The conductor shall consist of annealed copper, uniform in quality and free from defects. The
properties of the copper shall be in accordance with IEC 60028.

The conductor may be either solid or stranded. The solid conductor shall be circular in section
and may be plain or metal-coated. The solid conductor shall be drawn in one piece. Joints in
the solid conductor are permitted, provided that the breaking strength of a joint is not less than
85 % of the breaking strength of the unjointed solid conductor.

The stranded conductor shall consist of strands circular in section and assemb i
insulation between them by concentric stranding or bunched. b(b\&m?ﬁents
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NOTE A bunched strand is not recommended for insulation displacement connection (IDC) application.

The individual strands of the conductor may be plain or metal-coated.

Joints in individual strands are permitted provided that the tensile strength of a joint is not less
than 85 % of the breaking strength of the unjointed individual strand. Joints in the complete
stranded conductor are not permitted unless allowed and specified in the relevant detail
specification.

The conductor of the work area and equipment cables may consist of one or more elements of
thin copper or copper alloy tape which shall be applied spirally over a fibrous thread. Joints in
the complete element are not permitted.

5.2.3 Insulation
5.2.3.1 General requirements

The conductor insulation is composed of one or more suitable dielectric materials. The
insulation may be solid, cellular or composite (for example, foam skin).

The insulation shall be continuous, having a uniform thickness.
The insulation shall be applied to fit closely to the conductor.

The insulated conductors may be identified by colours-and/or, additional ring markings and/or
symbols achieved by the use of coloured insulation or by a coloured surface using extrusion,
printing or painting. Colours shall be clearly identifiable and shall correspond reasonably with
the standard colours shown in IEC 60304.

5.2.3.2 Colour code

The colour code for insulation is given in the relevant detail specification.

5.2.4 Cable element
5.2.4.1 General
The cable element is

— a pair consisting of two insulated conductors twisted together and designated wire "a" and
wire "b", or

— a quad consisting of four insulated conductors twisted together and designated wire "a",
wire "c", wire "b" and wire "d" in order of rotation.

The choice of the maximum average length of lay in the finished cable shall be made with
respect to the specified crosstalk requirements, handling performance and the pair or quad
integrity.

NOTE Forming the element with a variable lay can lead to the infrequent but acceptable occurrence of the maximum
lay being longer than the specified length of lay.

5.2.4.2 Screening of the cable element
When a screen is required over the pair or quad, it may consist of the following:

a) an-aluminium a metallic tape laminated to a plastic tape;

b) an-aluminium a metallic tape laminated to a plastic tape and a metal-coated or plain copper
drain wire whereby the metal tape is in contact with the drain wire;

c) a metallic braid; Documents
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d) an-aluminium a metallic tape laminated to a plastic tape and a metallic braid.

i ke Wi - Coatings or
other methods of protectlonmay should beﬂeeessar—y conS|dered in order to prevent galvanic
interaction when putting dissimilar metals in contact with each other.

A protective wrapping may be applied either under and/or over the screen or both.

5.2.5 Cable make-up

The cable elements may be laid up in concentric layers or in unit construction. The cable core
may be protected by wrappings of a non-hygroscopic, non-wicking tape.

NOTE 1 Fillers-may can be used to maintain a circular formation.

NOTE 2 Forming the element with a variable lay can lead to the infrequent but acceptable occurrence of the
maximum lay being longer than the specified length of lay.

5.2.6 Screening of the cable core

The cable core may be-sereened covered by a screen being part of the shielding and grounding
system of the cabling. The possible design can be

a) an-aluminium a metallic tape laminated to a plastic tape which may be bonded to the sheath,
for example F/UTP structure;

b) an-aluminium a metallic tape laminated to a plastic tape and a metal-coated or plain copper
drain wire whereby the metal tape is in contact with the drain wire, for example F/UTP
structure;

c) a metallic braid, for example S/UTP structure;

d) an-aluminium a metallic tape laminated to a plastic tape and a metallic braid, for example
SF/UTP structure;

e) plain copper or aluminium tape, for example F/UTP structure.

- - An unlaminated
metalhc tape is also perm|tted if it can meet the requwements of performance for example,
strength.

Coatings or other methods of protection—may should be-recessary considered in order to
prevent galvanic interaction when putting dissimilar metals in contact with each other.

A protective wrapping may be applied either under and/lor over the screen, or both. Typical
designs and their denominations are listed in Annex A.

5.2.7 Sheath

The sheath shall be a polymeric material.
The sheath shall be continuous, having a uniform thickness.

The sheath shall be applied to fit closely to the core of the cable. In the case of screened cables,
the sheath shall not adhere to the screen except when it is intentionally bonded to it.

The colour of the sheath may be specified in the relevant detail specification.
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5.2.8 Identification
5.2.8.1 Cable marking

Each length of cable shall bear the name of the supplier and the cable type and, when provided,
the year of manufacture, using one of the following methods:

a) coloured threads or tapes;

b) printed tape;

c) printing on the core wrappings;

d) marking on the sheath.

Additional markings, for example maximum voltage, temperature rating, etc., may be provided
on the sheath as indicated in the relevant detail specification.

5.2.8.2 Labelling

The following information shall be provided either on a label attached to each length of the
finished cable or on the outside of the product package:

a) type of cable;

b) supplier's name or logo;

c) year of manufacture;

d) length of cable in metres.
5.2.9 Finished cable

The finished cable shall have adequate protection for storage and shipment.

6 Characteristics and requirements

6.1 General remarks — Test configurations

Unless otherwise specified, all the tests shall be performed assuming that the operating
temperature is 20 °C. The temperature of the cable shall be stabilized at 20 °C and the test
signal shall be low enough to avoid any temperature increase.

NOTE Temperature rise is expected when testing for the cable’s application in remote powering installations.

The computed requirements, rounded to one decimal place, shall be used to determine
compliance.

Typical test configurations for the test specimen are

a) laid out on a non-metallic surface at least 25 mm from a conductive surface;

b) supported in aerial spans in such a way that there is a minimum separation of 25 mm
between convolutions;

c) wound as a single open helix on a drum with at least 25 mm between turns.

The configurations a), b) and c) are not necessary for screened cables.

The parameters of mutual capacitance, crosstalk, characteristic impedance and attenuation
sometimes show measured values up to 10 % higher when the cable is measured in its
packaging. This difference arises due to the tight packaging density and interwinding effects.

Also, box packaging-may can negatively affect the cable return loss, crosstalk and characteristic |
impedance with full or partial recovery of cable performance after installation.
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In case of doubt, the measurements of mutual capacitance, impedance, attenuation and
crosstalk shall be performed on a cable sample removed from its packaging.

Measurement procedures for alien (exogenous) crosstalk specify—eptions the special test

configurations for the mounting of the cables-into-special-testconfigurations.

T | o . I

— 25 O for overallscreenedcables:
—45 0 to 50 O forunscreened-cables-

The differential-mode and common-mode termination resistors should be used to terminate
inactive pairs and opposite ends of active pairs for near-end crosstalk and far-end crosstalk
testing (see Figure 1). For cables having a nominal impedance (Z;;) of 100 Q, the common-

mode impedance (Z.,,) is:

— about 75 Q for up to 25 pair-count unscreened pair cables,

— about 50 Q for common screened pair cables and more than 25 pair-count unscreened pair
cables,

— about 25 Q for individually screened pair cables.

In principle in balun measurements, the test shall be carried out with the condition that
differential-mode impedance (Z;;) and common mode impedance (Z;,,,) of the test specimen

are matched by the balun and the vector network analyzer (or equivalent instruments),
respectively.

But in practice, as the vector network analyzer (or equivalent instrument) used in the
measurement has 50 Q ports in general and the common mode impedance of the balun is also
50 Q, the common mode impedance of the termination shall be 50 Q unless otherwise specified.
This is to simplify measurements when the common mode impedance of the test specimen
varies from 25 Q to 75 Q.

Zgm = Zgif | 2

IEC

Key

Zam is the differential-mode termination resistor (Q);
Zem is the common-mode termination resistor (Q).
Z4ii I the differential-mode impedance of cable (Q);
Z is the common-mode impedance of cable (Q).

Figure 1 — Resistor terminations in balun measurements

Resistor terminations in balunless measurements can be found in IEC TR 61156-1-2.
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6.2 Electrical characteristics and tests
6.2.1 Conductor resistance

The measurement of the conductor resistance shall be in accordance with-6-4oflEC60189-1
IEC 60189-1:2018, 8.1.

NOTE For resistance, general information can be found in IEC TR 61156-1-6.
6.2.2 Resistance unbalance

6.2.2.1 General requirement

The measurement of the resistance unbalance and the accuracy of the measurement equipment
shall be in accordance with IEC 60708.

NOTE For resistance unbalance, general information can be found in [IEC TR 61156-1-6.
6.2.2.2 Resistance unbalance within a pair

The resistance unbalance between conductors of a pair or on the same side of a quad is given

by
R —R_.
AR =Mx100% (1)
(Rmax +Rmin)
where
AR is the conductor resistance unbalance (%);
Rmax is the resistance for the conductor with the highest resistance value (Q);
Rnin is the resistance for the conductor with the lowest resistance value (Q).

6.2.2.3 Resistance unbalance between pairs

The resistance unbalance between pairs or sides of quads is given by

Rmax i * Rmin i (Rmax k + Rmin )_ Rmax & Rmin & (Rmax i + Rnin ; )|

Rmax i’ Rmini (Rmax Kt Rmin k )"’ Rmax k- Rmin k (Rmaxi + Rminz’ )

ADD 400 |
l_\l\ll'k — 1TUV
)

~
N
~

ARP, :|RmaxiXRmini (Rmaxk +Rmink)_Rmaxk><Rmink (Rmaxi +Rmini>|x100% (2)
RmaxiXRmini (Rmaxk + Rmink)+Rmaxk ><Rmink (Rmaxi +Rmini)

where
ARP;, is the resistance unbalance between pair i and pair & (%);

R is the resistance of the wire with the highest resistance of a pair (Q);

max

R is the resistance of the wire with the lowest resistance of a pair (Q);

min

i,k i# kwherei=1tonandk=1tonforn=number of pairs.
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6.2.3 Dielectric strength

This measurement shall be carried out before the measurement of insulation resistance
described in 6.2.4.

The measurement of dielectric strength shall be in accordance with IEC 61196-1-105 for
conductor/conductor, conductor/screen (if present) and screen/screen (if present).

NOTE This test is important to ensure safety is not contravened in remote powering installations.
6.2.4 Insulation resistance

This measurement shall be carried out after the dielectric strength test described in 6.2.3.

The measurement of insulation resistance between conductor/conductor, conductor/ screen and
| screen/screen shall be in accordance with IEC 60189-1:2018, 8.3. The test voltage shall be
between 100 V and 500 V DC unless otherwise specified in the detail specification.

6.2.5 Mutual capacitance

The measurement of the mutual capacitance of pairs in a multipair or quad cable shall be in
accordance with IEC 60189-1:2018, 8.4.

6.2.6 Capacitance unbalance to earth

The measurement of the capacitance unbalance in a multipair or quad cable shall be in
accordance with IEC 60189-1:2018, 8.5.

The capacitance unbalance to earth of a pair or one side of a quad is given by

4Ce =C1 -G (3)

where
is the pair-to-earth capacitance unbalance (pF/km);

Cq is the capacitance between conductor "a" and conductor "b", with conductor "b"
connected to all other conductors, to the screen (if present) and to earth (pF/km);

C, is the capacitance between conductor "b" and conductor "a", with conductor "a
connected to all other conductors, to the screen (if present) and to earth (pF/km).

_ Creas A\
T 05x(L/500 ++/L 1500 ) Y
or oa | .
yal _ Cmeas (B\
corr L/SOO A\

€ o —is-thecorrected-capacitance{pFim);
€meas .E t e-measuree EEI;EE.EEI € (;I “);
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L is the length of cable undertest (m)-
The test result of the capacitance unbalance to earth shall be corrected:

— for pair-to-earth and side-to-earth by

1000
ACq = Cneas X —— (4)

where

4Cq is the capacitance unbalance to earth (pF/km);
Cmeas is the measured capacitance (pF/km);

L is the length of cable under test (m).

If required, the test result of capacitance unbalance for pair-to-pair and side-to-side shall be
specified in the detailed specification.

6.2.7 Transfer impedance

The measurement of the transfer impedance shall be in accordance with IEC 62153-4-3. All of
the screens shall be connected together at the ends of the test specimen. The transfer
impedance shall be measured over the frequency range indicated in the relevant sectional
specification.

6.2.8 Coupling attenuation

The—measurement test method of the coupling attenuation shall be in accordance with
IEC 62153-4-5 or IEC 62153-4-9. All of the screens shall be connected together at the ends of
the test specimen. The coupling attenuation of all pairs within the specimen shall be measured
over the frequency range indicated in the relevant sectional specification.

IEC 62153-4-9 shall be the referee test method to resolve doubts or dispute.

6.2.9 Current-carrying capacity
If required, the test method for current carrying capacity is described in IEC 61156-1-4. As the

current carrying capacity is significantly determined by the installation conditions, general
guidance of ISO/IEC TS 29125 should be considered.

NOTE The minimum conductor size (maximum resistance) will be used in the calculation of each cable being
considered for its maximum current carrying capacity as batch deliveries can vary.

6.3 Transmission characteristics

6.3.1 General requirements

Transmission measurements are in the balanced mode with measuring equipment (network
analyzer or signal generator/ and receiver) and baluns to connect the cable to the equipment.
The baluns shall be selected to match the test equipment to the cable nominal impedance and
shaII have the relevant performance character|st|cs g|ven in TabIe 1. —Ihe—ms@ea#msmateh—ef—

All the tests shall be carried out over the whole specified frequency range and ments
frequency points of the calibration procedure. A full two-port calibration shall'h& don€'t
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best accuracy, and the length of the cable for a through calibration should be as short as
possible.

All the tests shall be carried out in both directions or at both ends.

An alternative to balun measurement method is the balunless measurement method which is
specified in IEC TR 61156-1-2. For frequencies higher than 1 GHz, the balunless measurement
method is recommended.

The length of cable under test shall be 100 m, unless otherwise specified.

6.3.2 Velocity of propagation (phase velocity)

The velocity of propagation shall be determined-ever-the frequencyrange—indicated—in-the
relevant-sectional-specification by radian frequency and phase constant.

The test equipment schematic is given in Figure 2.-Ferthis-measurementthe-common-mode
balun-poris-are-optional-

p—=L—Af =

VERSES
vp—rs—the—phase—vemeny—ém#s-)—' : :
Af_"s—t'h‘e—fFeqH'e'H‘e'y—Fn'te‘F\l'a‘l—eH'a—l j T

The velocity of propagation is given by

_ ) _ 2

. 2nf
DBy B

f is the frequency (Hz);

v is the phase velocity at frequency f(m/s);

ﬂ(f) is the phase constant (rad/m);

O f) is the radian frequency.

In the high frequency, the cable's propagation velocity is approximately constant, so the phase
velocity may be assessed by the group velocity for an easier measurement. When signals with
multiple frequency components propagate along a cable, if these frequencies are very close
and their differences are much smaller than the central frequency, the group velocity is
determined from Formula (6). Af is the frequency interval, for which the phase of the output
signal makes a 2z radians rotation in comparison with the input signal.

=LxA
MGy =LAl Docutfients
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where

Y(G) is the group velocity (m/s);

L is the length of the cable under test (m);
Af is the frequency interval (Hz).

In order to evaluate Af with sufficient accuracy, the frequency difference Af’ for n rotations of
2w radians-may can be measured as

Af=41"In (7)
where
Af is the frequency interval (Hz);
Af' is the frequency difference for n rotations (Hz);
n is the number of rotations < 10.

Detailed information of phase velocity and group velocity can be found in IEC TR 61156-1-2.

6.3.3 Phase delay and differential delay (delay skew)

The phase delay is determined from the phase velocity:

= (8)

where

7 is the phase delay (s);

Vo is the phase velocity (m/s);

L is the cable length under test (m).

The differential phase delay (delay skew) is determined from

_ 11
Arp =Lx vpf{@ (9)
where
Az, is the differential phase delay (delay skew) (s);
Vo1 is the phase velocity of one pair (m/s);
Vp,2 is the phase velocity of another pair (m/s).
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6.3.4 Attenuation
6.3.4.1 Attenuation at 20 °C operating temperature

The measurement shall be over the frequency range indicated in the relevant sectional
specification. The test schematic is given in Figure 2.-Ferthis-measurementthe-common-—meode

Yy
A

NWA/R

I

Earth screen(s), if present
IEC

Key

CuUT cable under test

NWA/SG network analyzer port or signal generator
NWA/R network analyzer port or receiver

*

common-mode termination resistor

> differential-mode termination resistor (matched in pairs)
L length of cable under test (m)

U, voltage at network analyzer port or signal generator (V)
U, voltage at network analyzer port or receiver (V)

P, power at network analyzer port or signal generator (W)

P, power at network analyzer port or receiver (W)

Figure 2 — Test set-up for the measurement of attenuation,
velocity of propagation and phase delay

The measurements are made at ambient temperature, and attenuation-en-a for 100 m length of
cable is given by Formula (10).

o = 10X|Og10(};—?]
(10)
= 20X|Og10(z—?j
where
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100 R
= ‘— 101g|-> (10)
L 1
where
a is the attenuation in 100 m (dB/100 m) and is corrected to 20 °C as follows.
oz = - 11
20 1"'5cable ><(T—20) an
where
asp is the attenuation corrected to 20 °C (dB/100 m);

Jcable IS the attenuation temperature coefficient (%/°C);

T is the ambient temperature (°C).

Attenuation temperature coefficient values are given in the relevant sectional specification.

6.3.4.2 Attenuation at elevated ambient temperatures
6.3.4.2.1 Test chamber

The test chamber shall be either an air-circulating oven or an environmental chamber. The test
chamber shall be capable of maintaining the required test temperature, £2 °C, for the duration
of the test. The chamber dimensions shall be adequate to contain the sample and fixtures as
required to support the sample. The chamber shall be provided with access ports for connecting
the sample to the test equipment. The maximum length of the cable ends extending out of the
test chamber shall be 1 m.

6.3.4.2.2 Sample preparation and test configuration

The sample may be loosely coiled with a minimum diameter of 18 cm and placed in the chamber.
In this configuration the wraps of the coil may be in close proximity and inter-winding coupling
may appear in the test results for unscreened cable.

Alternatively, the sample may be wound on a non-metallic drum with adjacent wraps separated
by a minimum of 2,5 cm which will eliminate inter-winding coupling for unscreened cable.

6.3.4.2.3 Test procedure

The attenuation of the sample shall be measured at ambient temperature in accordance with
6.3.4.1 after conditioning in the chamber for at least 4 h.

The temperature in the chamber shall be maintained at the required temperature, and the
attenuation of the sample shall be measured again after a time duration of between 4 h and
24 h. The test signal shall be low enough to avoid any temperature increase.

A mathematical smoothing algorithm that-may can be applied to the measured attenuation data |
to correct for inter-winding coupling is given by the following:

7 IT s 7 IT
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Ogm = a X f+b><f+c/\/7+d (12)

where

a is the smoothed attenuation data (dB/100 m);

sm
a, b, c,d are the regression coefficients;
f is the frequency (Hz).

6.3.4.3 Attenuation temperature coefficient

The attenuation temperature coefficient is given by Formula (13).

o -
Ooable = —L2—"1_x100% 13
P apx(h - 1) (1%)

where
Jcable IS the attenuation temperature coefficient (%/°C);

ar is the attenuation at temperature 7y (dB/100 m);
ago is the attenuation at temperature 7, (dB/100 m);
Ty is the reference or ambient temperature (°C);

T is the elevated temperature (°C).

NOTE The calculation according to Formula (13) is applicable to both the measured and the smoothed attenuation
data.

6.3.5 Unbalance attenuation

6.3.5.1 Equipment
a) His—mandatoryto—create A defined return (common-mode) path shall be created for

unbalanced attenuation measurement. This is normally achieved by earthing all other pairs
and screen(s) if present in common to the balun earth. The pairs shall be terminated with
differential-mode and common-mode terminations and earthed at near and far ends.
However, the cable under test may be wound onto an earthed metal drum. The drum surface
may have a suitable groove, wide enough to contain the cable and shall be adequate to hold
100 m of cable in one layer.

b) Both the balun method and the balunless method are permitted, in order to do a measure
for unbalance attenuation. For the balun measurement method, the baluns shall have a
common-mode port and the characteristics given in Table 1. For the balunless measurement
method, the equipment shall comply with [IEC TR 61156-1-2.

c) A vector network analyzer or generator/ and receiver combination suitable for the required
frequency and dynamic range can be used.

d) A time domain reflectometer or a VNA having a time domain analysis function by using
inverse discrete Fourier transformation can be used as {optional} equipment.
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Table 1 — Test balun performance characteristics

1 MHz to 500 MHz

1 MHz to 1 000 MHz

Parameter Class-A-250-value Class-A-600-value Class B-value
Impedance, primary® 50-Q-unbalanced 50-Q-unbalanced 50 Q- unbalanced
BT e e e el e e e B e
Returnloss—common-mode® 10-dB-min- 15-dB-min5-15-MHz 10-dB-min-

Parameter Class A-500 Class A-1 000 Class A-2 000

1 MHz to 2 000 MHz

Impedance, primary 2

50 Q unbalanced

50 Q unbalanced

50 Q unbalanced

Impedance, secondary

Matched balanced ¢

Matched balanced ¢

Matched balanced ¢

Insertion loss, maximum

2,0 dB

3,0dB

4,5 dB

Return loss, secondary,
minimum

12 dB min., 1 MHz to
15 MHz

20 dB min., 15 MHz to
500 MHz

12 dB, 4 MHz to 15 MHz

20 dB, 15 MHz to
550 MHz

8 dB, 1 MHz to 3 MHz
12 dB, 3 MHz to 15 MHz
20 dB, 15 MHz to

17,5 dB, 550 MHz to 1000 MHz
600 MHz

18 dB, 1 000 MHz to
10 dB, 600 MHz to 2 000 MHz

1 000 MHz

Return loss, common

15 dB min., 1 MHz to

15 dB, 4 MHz to 15 MHz

6 dB, 1 MHz to 3 MHz

mode P 15 MHz
’ 20 dB, 15 MHz to 10 dB, 3 MHz to 500 MHz
minimum 20 dB min., 15 MHz to 400 MHz
400 MHz ffS., 500 MHz to
15 dB, 400 MHz to 2 000 MHz
15 dB min., 400 MHz to 600 MHz
500 MHz
10 dB, 600 MHz to
1 000 MHz
Power rating 0,1 W min. 0,1W 0,1 W min.

Longitudinal balance €,

60 dB min., 1 MHz to
100 MHz

60 dB, 4 MHz to 350 MHz
50 dB, 350 MHz to

60 dB, 1 MHz to 100 MHz
50 dB, 100 MHz to

minimum
50 dB min., 100 MHz to 600 MHz 500 MHz
500 MHz
40 dB, 600 MHz to 42 dB, 500 MHz to
1 000 MHz 1 000 MHz
34 dB, 1 000 MHz to
2 000 MHz

Output signal balance®,

minimum

50 dB,minumum

60 dB, 4 MHz to 350 MHz

50 dB, 350 MHz to
600 MHz

40 dB, 600 MHz to
1 000 MHz

Under considerartion
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Parameter

Class A-500
1 MHz to 500 MHz

Class A-1 000
1 MHz to 1 000 MHz

Class A-2 000
1 MHz to 2 000 MHz

Common-mode rejection®,

minimum

50 dB

50 dB, 4 MHz to 600 MHz

40 dB, 600 MHz to
1000 MHz

50 dB, 1 MHz to 500 MHz

42 dB, 500 MHz to
1 000 MHz

34 dB, 1 000 MHz to
2 000 MHz

Special guidelines for the use of baluns

1) For tests up to 500 MHz, class A-500 baluns should be used.
2) For tests up to 1 000 MHz, class A-1000 baluns should be used.

3) For tests up to 2 000 MHz, the balunless test method is preferred. See IEC TR 61156-1-2 for detailed
information on the balunless test method.

4) Common mode port of baluns are optional in 6.3 except for unbalance attenuation measurement.

a8  Primary impedance may differ, if necessary, to accommodate analyzer outputs other than 50 Q.

b Measured by connecting the balanced output terminals together and measuring the return loss. The unbalanced
balun input terminal shall be terminated by a 50 Q load.

¢ Measured according to ITU T Recommendation G.117 and ITU-T Recommendation O.9.

4 For 120 Q cables, 120 Q baluns will be used only in cases where it is requested by the user. Usually 100 Q
baluns will be used.

6.3.5.2 Balun calibration

a) The reference line calibration (0O dB line) shall be determined by connecting coaxial cables
between the analyzer input and output. The same coaxial cables shall also be used for the
balun loss measurements. The calibration shall be established over the whole frequency
range specified in the relevant cable specification. This calibration method is valid for closely
matched baluns that satisfy the characteristics of Table 1.

b) Figure 3 gives the schematic for the measurement of the differential-mode loss of the
baluns. Two baluns are connected back to back on the symmetrical output side and their
attenuation measured over the specified frequency range. The connection between the two
baluns shall be made with negligible loss.

o N . o
Uo Uit Uy
50 Q

50Q
IEC
Key
Ug voltage at network analyzer port or signal generator (V);
Uy voltage at network analyzer port or receiver (V);
Ugiff voltage at symmetrical port of baluns (V).

Figure 3 — Test set-up for the measurement of
the differential-mode loss of the baluns

The differential-mode loss of the single baluns is given by
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,\
—
IN

N

('7(\ loc \
smr—=-0:6 (l—v o810 UOJ

Oqiff = 0,5 x (20'9

@] =- 0,5x(201gS,4|) (14)
Uy

where a5 is the differential-mode loss of the single baluns (dB).

c) Figure 4 gives the schematic for the measurement of the common-mode loss of the baluns.
The baluns used in b) are connected together; the unbalanced balun ports are terminated
with the nominal test equipment impedance, and the test equipment is connected to the
common-mode port (centre tap) of the baluns.

[ ) [ )
Yo 50 0 50 0 U1
500 500

IEC

Ug voltage at network analyzer port or signal generator (V);

Uq voltage at network analyzer port or receiver (V).

Figure 4 — Test set-up for the measurement
of the common-mode loss of the baluns

The common-mode loss of the single baluns is given by

om0 {20 |g D (45)
0

Ocom = 0,5 x (ZOIg %

1

J:- 0,5x(201g|S24|) (15)

where aq,, is the common-mode loss of the single balun (dB).

d) The operational attenuation of the balun «,,, takes into account the common-mode and
differential-mode losses of the balun:
Opalun = Adiff + Ccom (16)
where ap 4, is the operational attenuation or intrinsic loss of the balun (dB).

NOTE More precise results can be obtained using either poling of the baluns for oy, and «  and averaging
the results or using three baluns. In the latter case, the assumption of identical baluns is not required.
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e) The voltage ratio of the balun can be expressed by the turns ratio of the balun and the
operational attenuation of the balun:

Uy 7
20X|Og10 diff = 10><|Og10 ‘%‘ — Obpalun
0 0 “
Uy Z
20x|og10‘ dif | _ 1ox|og10‘ZL'ff‘ —
1
Ug Z
20ig UL'” =10lg Zd—'ﬁ — Gpaiun
0 0 (17)
Ug Z
20Ig| =9 | —101g| 29| _ 4 in
1 Z4

where

Uqitr  is the differential-mode voltage at the input of the cable under test (V);
Uy is the voltage at the network analyzer port or signal generator (V);

U, is the voltage at the input of the load (V);

Zg4is  is the characteristic impedance of the differential-mode circuit (Q);

Zy is the output impedance of the network analyzer or signal generator (Q);

Z, is the input impedance of the load (Q).

6.3.5.3 Measurements

6.3.5.3.1 Cable-under-test (CUT) Sample preparation

The ends of the CUT shall be prepared so that the twisting of the pairs/quads is maintained up
to the terminals of the test equipment. If not otherwise specified, the CUT shall have a length
of 100 m £ 1 m. All pairs not under test shall be connected to earth through-apprepriate common-
mode{see-6-1)-and differential-mode and common-mode terminations at the near and far end.

The impedance of the common-mode circuit Z_,,, can be measured more precisely either with
a time domain reflectometer (TDR) or a network analyzer. The two conductors of the pair are
connected together at both ends and the impedance is measured between these conductors
and the return path.

If not otherwise specified, the common-mode terminations should be 50 Q. The screens, if any,
shall be connected to earth at both ends of the cable.

Full document details: IEC 61156-12023 RLV
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6.3.5.3.2 Test set-up for unbalance measurements

Figure 5 gives a schematic of the measurement for unbalance attenuation at the near end.

[ ] [ J
Uo Ui cuT 50 Q
50Q

50 Q

50

- IEC

Figure 5 — Test set-up for unbalance attenuation at near end (TCL)

Un, com
Seas—=—28egTy U 18)
0
U,
Omeas = 201g|—L—{=-20Ig|Sy4| (18)
n,com

where

ameas IS the measured attenuation (dB);
Un.com s the voltage in the common-mode circuit at the near end balun (V);

Uy is the voltage in the primary (unbalanced) circuit at the near end balun (V).

Figure 6 gives a schematic of the measurement for unbalance attenuation at the far end.
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%meas

Uf,com
Uo

6.3.5.3.3
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o ] |
Uy Uygife CuUT [l 50Q
50Q

fISO Q

Uf, com 500

- = IEC

Figure 6 — Test set-up for unbalance attenuation at far end (TCTL)

U,‘com
rres—20-dog Ty — (19)
%
Uo
Omeas =209 (19)
f, com

is the measured attenuation (dB);
is the voltage in the common-mode circuit at the far end balun (V);

is the voltage in the primary (unbalanced) circuit at the near end balun (V).

Expression of test result

The unbalance attenuation is defined as the logarithmic ratio of the common-mode power to the
differential-mode power.

where

com
P it
n, f

Pnlcom ‘ Un,com ‘
e—=26>degTy Joom 28-degTy Lo 0 !9§|U| Zif | 20}
u,f \/Pdiff U giff ‘ |Zcom |
Py; - Z
iy =10lg|8H_| _ 201g| it |, 10)g|Zcom
u,f n,com n,com Zdiff (20)
f,com f,com
is the unbalance attenuation (dB);
is the matched common-mode power (W);
is the matched differential-mode power (W);
are the near end and far end, respectively;
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Zgifs is the characteristic impedance of the differential-mode circuit (Q);

Z is the characteristic impedance of the common-mode circuit (Q).

com
When measuring with S-parameter test-sets, the output voltage of the generator is measured
instead of the differential-mode voltage in the cable under test. Taking the operational
attenuation of the balun into account, the formula for the unbalance attenuation near or far end

is:
Pnzcom Pn{ com
, com , com
ty, , =10xl0gyo| = 10xlog1o |~ |~ i
u f diff Fo
@1
Un{ com 7
= 20xlog1g|—22™ | 1+ 10x10g10 |2 — &tpaiun
Uo Zcom
V4
=6 mEas—+0 |r\r1U| 0 | p— (22)
fin | Zcom |
Py
ty, n =10lg] 2| =
u, f n,com
f,com
i
10|g —Opalun =
voom| o (21)
f, com
Omeas + 1019 ~ ®palun =
com
Z,
- 201g|Sp1| +101g| =2 — oty z14n
Zcom
The equal level unbalance attenuation at the far end is then
L A0 Jdoa ZO (23)
=L S “meas o CIT0 7 “Dbalun “Ccable \=<7
com
A
EL oy, t =0meas +1019|———| — opajun — %cable =
°°’“Z (22)
0
'20|9|821|+10|9 7 ~ Obalun ~ %cable
com
where
EL a, ¢ is the equal level unbalance attenuation at the far end (EL TCTL) (dB);
acaple 1S the attenuation of the-cable pair under test (dB); |
Documents

Document Sharing Hub

Full document details: IEC 61156-12023 RLV


http://avadocuments2026.com/doc/iec-61156-1-2023-rlv
http://avadocuments2026.com/doc/iec-61156-1-2023-rlv

- 36 — IEC 61156-1:2023 RLV © IEC 2023

Zy is the output impedance of the network analyzer or signal generator (Q);

Zcom is the operational impedance of the common-mode circuit, 50 Q.

6.3.6 Near-end crosstalk

Figure 7 gives the schematic for the measurement of near-end crosstalk. The near-end
crosstalkless shall be measured using a network analyzer or equivalent measuring equipment
over the frequency range indicated in the relevant sectional specification. One end of the pairs
under test shall be connected to baluns, the other end shall be connected to earth through
appropriate common-mode (see 6.1) and differential-mode terminations.

All pairs not under test shall be connected to earth through appropriate common-mode (see 6.1)
and differential-mode terminations at the near and far end. The screens, if any, shall be
connected to earth at both ends of the cable.-Precautions-shall-be-taken-to-minimize End effect
couplings shall be minimized. When the cable sheath is removed, the pairs shall maintain their
twist and shall be well separated.

NWA/SG
NWA/R
=+
Earthed screen(s), if present
IEC
Key
CuUT cable under test

NWA/SG network analyzer port or signal generator
NWA/R network analyzer port or receiver

*

common-mode termination resistor (see 6.1)
* %

differential-mode termination resistor (matched in pairs)

L length of cable under test (m)

Figure 7 — Test set-up for near-end crosstalk
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Near-end crosstalk loss NEXT is given by

P,
NEXT =10xlogqo |2
P2n
(24)
U Z =77
= 20x10g1q |—" + 10 xlog4o[=
NEXT =10ig| 2 | =
2n
201919 |+ 1019|122 = (23)
2n VA
- 20Ig|Sy| +10ig|£2
Z
where
NEXT is the near-end crosstalk (dB);
Pqn is the input power of the disturbing pair at the near end (W);
Py, is the output power of the disturbed pair at the near end (W);
Uin is the input voltage of the disturbing pair at the near end (V);
Uspy is the output voltage of the disturbed pair at the near end (V);
Z4 is the characteristic impedance of the disturbing pair (Q);
Zy is the characteristic impedance of the disturbed pair (Q).

Measurements shall be on a length of at least 100 m. For a length greater than 100 m, the
measured value may be corrected to 100 m using the following correction formula:

Wﬁ@*&eg,u_(1 10_%w /(4 ‘o5 | (25)
Jilt

LHD)| /]1ao)
NEXTqo = NEXT -10Ig|| 1-10 \®/ \ L 1-10 \° (24)

where

NEXT 99 is the near-end crosstalk corrected to a length of 100 m (dB);

NEXT is the near-end crosstalk on the measured cable length (dB);
a is the attenuation of the measured cable length (dB).

The power sum near-end crosstalk PS NEXT is calculated from
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m ( NEXT; )
PS NEXT. = -10x100.0 3 110 10 (26)
J T
=1 )
i#]
-NEXT; ;
m LJ
- 10
PS NEXT; = 10Igz1: 10 (25)
1=
i#j

where
PS NEXT; is the power sum of the pair j (dB);
NEXTZ.’J. is the crosstalk coupled from the pairs i into the pair j (dB);

m is the number of pairs contained within the cable.
6.3.7 Far-end crosstalk

Figure 8 gives the schematic for the measurement of far-end crosstalk. The far-end crosstalk
loss shall be measured using a network analyzer or equivalent measuring equipment over the
frequency range indicated in the relevant sectional specification. One end of the pairs under
test shall be connected to baluns, the other end shall be connected to earth through appropriate
common-mode (see 6.1) and differential-mode terminations.

All pairs not under test shall be connected to earth through appropriate common-mode (see 6.1)
and differential-mode terminations at the near and far end. The screens, if any, shall be
connected to earth at both ends of the cable.-Precautions-shal-be-takento-minimize End effect
couplings shall be minimized. When the cable sheath is removed, the pairs shall maintain their
twist and shall be well separated.
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[ L -l
[~ >
NWA/SG
1
) NWA/R
=
Earthed screen(s), if present
IEC
Key
CuT cable under test
NWA/SG network analyzer port or signal generator
NWA/R network analyzer port or receiver
* common-mode termination resistor (see 6.1)
** differential-mode termination resistor (matched in pairs)
L length of cable under test (in m)
Figure 8 — Test set-up for far-end crosstalk
The measurement shall be carried on a length of at least 100 m.
Far-end crosstalk is given by
P
FEXT =10xl0gqq|—"—
(27)
=17
1n Z1
=20><|Og10 +10><|Og10
27 Zy
P
FEXT =10lg|=n| =
2f
U. Z
20lg|—"| +10Ig|=2|= (26)
2f Z4
Z
-201g[Sy4|+101g|=2
Z4
where
FEXT s the far-end crosstalk (dB);
Pqn is the input power of the disturbing pair at the near end (W); Documents
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Pys is the output power of the disturbed pair under test at the far end (W);
Uin is the input voltage of the disturbing pair at the near end (V);

Uyt is the output voltage of the disturbed pair at the far end (V);

Z4 is the characteristic impedance of the disturbing pair (Q);

Zy is the characteristic impedance of the disturbed pair (Q).

Equal level far-end crosstalk loss is given by Formula (28) and related to FEXT by the
attenuation of the disturbing pair in the measured cable length:

Py
EL FEXT =10xlogsq|—_
. (28)
Ui, 7
= 20%logg|—L + 10 x log4o |-
U2f Zz

P,
EL FEXT =10lg|—| =
2f
P, P 27
10Ig|=n| —10Ig|-1n| = (27)
Py i
FEXT — o4
where
EL FEXT is the equal level far-end crosstalk (dB);
FEXT is the far-end crosstalk (dB);
Pys is the output power of the disturbing pair at the far end (W);
Po¢ is the output power of the disturbed pair under test at the far end (W);
Pin is the input power of the disturbing pair at the near end (W);
ay is the attenuation of the disturbing pair (dB).

It is recommended that the maximum cable length to be measured be limited to-3606 305 m in
order to minimize errors resulting from the noise floor of the testing equipment. For lengths
greater than 100 m, the measured values of FEXT and the calculated values of the EL FEXT
shall be corrected to a length of 100 m as follows:
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FEXTy00 = FEXT + 10 x logyg (£/100) + ¢« (1 — 1. /100) 2o
ELFEXT g0=FELFEXT + 10 xtogigL+100y— (31}
L 100
FEXT,oo = FEXT + 10lg (—) + oy x| — -1
100 9(100) o (L j (28)
L
EL FEXTyoq = EL FEXT + 10Ig[ﬁj (29)
where
FEXT,q0 is the far-end crosstalk corrected to a length of 100 m (dB);
FEXT is the measured far-end crosstalk (dB);
EL FEXT,oq s the equal level far-end crosstalk corrected to a length of 100 m (dB);
EL FEXT is the equal level far-end crosstalk (dB);
L is the measured cable length (m);
ay is the measured attenuation of disturbing pair-attepuation (dB).

The power sum far-end crosstalk PS EL FEXT is calculated from

m -EL FEXT; j
PS EL FEXT, = -10x10049 > 49 10 (32)
i=1
i#]
m -EL FEXT; ;
PS EL FEXT; :—10Igz1: 10 10 (30)
1=
i#]

where
PS EL FEXT, is the power sum of the pair j (dB);

EL FEXT; ; is the crosstalk coupled from the pairs i into the pairj (dB);

m is the number of pairs contained within the cable.

The attenuation-to-crosstalk ratio far end is defined as the ratio of the attenuation of the
disturbed pair to the far-end crosstalk, both in nepers, or the difference of the far-end crosstalk
and the attenuation of the disturbed pair if both are expressed in dB. Hence:

ACR-F; =FEXT; ; - a; (31)
where
ACR —Fj is the attenuation to crosstalk ratio far-end in (dB);
a; is the attenuation of the disturbed pairj in (dB);
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FEXT; ; is the far-end crosstalk coupled from the pair i into the disturbed pair ;.

6.3.8  Alien (exogenous) near-end crosstalk
6.3.8.1 General

Figure 9 gives the schematic for the measurement of alien (exogenous) near-end crosstalk,
ANEXT. The same test equipment and sample-end preparation considerations relevant to the
measurement of NEXT are relevant to the measurement of ANEXT. The cable fan-out shall not
be greater than 1 m. The measurement shall be over the frequency range indicated in the
relevant sectional specification.

NWA/SG

L
Cable A
NWAR Balun ‘ ‘ -
P. -
2o PO
*%k
i
E *%k
*
]

NS00 CD D @ @ @b (B ot

*%

Cable B

* %k *%k
* ] [ | *
SIS DD G @ AP (P ed=i-
1] 1
* %k

*%

*% *%

* ] ] *
=SS db > > > AvI> G -
L] 1
*% *%

IEC

Key

Cable A, B two cables in the test assembly configuration (other cables in the assembly are not shown)
NWA/SG network analyzer port or signal generator

NWA/R network analyzer port or receiver

*

common mode termination resistor (see 6.1)

** differential mode termination resistor (matched in pairs)
L length of test assembly under test (in m)

Figure 9 — Test set-up for alien (exogenous) near-end crosstalk Documents
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Alien near-end crosstalk (ANEXT) given by

ANEXT=40-xH0g191P1,./ P2 34)
ANEXT =10lg Pin (32)
2n

where

ANEXT is the alien (exogenous) near-end crosstalk (dB);

Pin is the input power of the disturbing pair at the near end (W);
Py

n is the output power of the disturbed pair at the near end (W).

The disturbing and disturbed pairs are contained within different cables.

For near-end and far-end alien (exogenous) crosstalk the power sum is defined as:

(N n AXftaIki’”w
N"N"4n 10 (35)
#SW‘HH‘X“%HJ LJLJ TO oo
2 ]
N n _AX—talki,j,l
PS AX —talk; =-10Ig| > >'10 10 (33)
1=1i=1

where

PS AX - talkj is the power sum of pair j (dB);

AX-talk; il is the crosstalk between pair j of a given cable and pair i of a neighbouring cable
(dB);

j is the number of the disturbed pair;

i is the current number of a disturbing pair in a disturbing cable;

I is the number of the disturbing cable;
N is the total number of disturbing cables;
n is the total number of disturbing pairs.

The cables to be tested are mounted into a configuration as specified in the relevant sectional
specification.

The test method configuration involves six cables around one cable.

The cable arrangement shall be-either a bundle.
a)y—a-bundle

oF

b) three layers of cables on-a drum-
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6.3.8.2 Six cables around one cable

The seven cables to be tested are mounted into the test assembly configuration shown in the
cross-section in Figure 10. The test assembly length shall be specified in the relevant sectional
specification. The assembly cross-section shall be maintained, without longitudinal twist,
throughout the assembly length by means of suitable non-metallic binder material. The binder
material may be applied as discrete straps such as tie wraps and self-clinging or adhesive
straps. The binder material may be applied helically about the cables in the form of a continuous
thread or tape. The binder material shall not visibly compress or deform the cross-section. The
spacing of the discrete binder and the pitch of the continuous binder shall be adequate to
maintain the cable components in close proximity, without visible spacing, as depicted in
Figure 10. The test assembly shall be laid out as depicted in Figure 11 (with serpentine looping
as necessary) in aloop in such a way that a minimum separation of 10 cm is maintained between
sections of the loop. A non-metallic floor is suitable for laying out the test assembly.

The crosstalk from each pair of cables 1 through 6 to each of the pairs of cable 7 shall be
measured across the frequency range specified in the relevant sectional specification.

The power sum alien (exogenous) near-end crosstalk, PS ANEXT, shall be calculated from the
measured values according to Formula (33).

IEC

Figure 10 — Test assembly cross-section: six cables around one cable

S/
7\

Figure 11 — Test assembly layout: six cables around one cable
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IEC  1504/09

Ei 20 _p . : I

6.3.9 Alien (exogenous) far-end crosstalk

Measurement of alien (exogenous) far-end crosstalk, AFEXT, involves the same test equipment
and sample-end preparation considerations relevant to the measurement of FEXT. The cables
to be tested are mounted into a configuration, as specified in the relevant sectional specification

and as described in 6.3.8.2,—forthesix-around-one—configuration—and-6-3-7-2 for-the four-
paralel-cable-configuration for six cables around one.

The PS AFEXT shall be calculated from the measured values according to Formula (33).

PS AFEXT requirements may be given in terms of PS AACR-F where AACR-F shall be
calculated from the measured values according to Formula (34).

AACR-F = AFEXT - a (34)

where
AACR-F is the attenuation alien (exogenous) crosstalk ratio at the far end (dB);
AFEXT is the alien (exogenous) far-end crosstalk (dB);
a is the attenuation of the disturbed pair (dB).
; : . loul | i iR (35).
6.3.10 Alien (exogenous) crosstalk of bundled cables

Alien (exogenous) crosstalk, (ANEXT and AFEXT), is measured directly on the bundled cable
and does not require the preparation of a specific test assembly configuration.

The bundled cable shall be laid out as depicted in Figure 11 (with serpentine looping as
necessary) in a loop in such a way that a minimum separation of 10 cm is maintained between
sections of the loop. A non-metallic floor is suitable for laying out the test assembly.

| The near-end (NEXT) and far-end (#6-FEXT) crosstalk of each pair of one disturbed cable due
to all pairs in the surrounding disturbing cables shall be measured across the frequency range
specified in the relevant sectional specification.

Each cable of the bundle shall in turn be treated as the disturbed cable and the near-end (NEXT)
and far-end ({0-FEXT) crosstalk due to all pairs in the surrounding disturbing cables shall be
measured across the frequency range specified in the relevant sectional specificatilocuments
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The power sum alien (exogenous) crosstalk, PS ANEXT and PS AFEXT, shall be calculated
from the measured values according to Formula (33).

6.3.11 Impedance
6.3.11.1 Preparation of cable under test

able—und CY al-be prepared-so-thatendeffe are—inimi - Both ends of
the cable under test shall be prepared to minimize end effects. For frequencies of
measurements greater than or equal to 1 000 MHz, it is recommended that no more than 20 mm
of jacket should be removed from pairs; for frequencies of measurements lower than 1 000 MHz,
it is recommended that no more than 40 mm jacket should be removed from the pairs. When
the cable sheath is removed, the pairs shall maintain their twist and shall be well separated.

Unscreened cables shall be suspended or laid on a non-conducting surface so that multiple
traversals are separated by a minimum of 25 mm.

Measu

6.3.11.2

i rement
The measurement is in a balanced configuration with a network analyzer (together with an
S-parameter unit) or an impedance meter. The balun shall have the relevant characteristics
given in Table 1 corresponding to the measurement frequency range; for this measurement, the
common-mode balun ports in Table 1 are optional. The measurement schematic is given in
Figure 12.

A three-step calibration procedure (using open-, short- and load-circuit terminations) is
performed at the secondary side of the balun before the measurement.

For improvement of impedance measurement uncertainty, IEC TR 61156-1-5 should be
considered.

Network analyzer /
S-parameter unit

Port 1 Port 2
Balun

7 ° Short
-I:l:: ot == 3 qu

Open

IEC

Figure 12 — Test set-up for characteristic impedance,
terminated input impedance, and return loss

—The-impedance-is—calculated from-the
measured-S, -parameters: Documents
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1+ 844
1- 844

6.3.11.3 Characteristic impedance

A three-step calibration procedure (using open, short and load circuit terminations) is performed
at the secondary side of the balun before the measurement.

The near end of the cable under test shall be connected to the test equipment via balun, the far
end shall be terminated by the open circuit termination and short circuit termination. The
scattering parameter S,, shall be measured to obtain characteristic impedance values. The

impedance is calculated from the measured S,, parameters.

1+ S
1-S

XX

Zmeas =ZR %

where

Zmneas 18 the impedance for open-circuit termination or short-circuit termination (Q);
ZR is the system nominal impedance (Q);

Syx is the measured wave scattering parameter for open circuit termination and short circuit
termination, x is the vector network analyzer port number.

The characteristic impedance is calculated as the square root of the product of the open circuit
and short circuit measured values and is given by

Zc :\/|Zoc : Zsc| (36)

where

Zc is the characteristic impedance (Q);

Zoc is the measured open circuit impedance (Q);
Zsc is the measured short circuit impedance (Q).

6.3.11.4 Terminated input impedance

A single terminated impedance measurement at the near end can be made to get the terminated
input impedance. In this condition, the far end of the cable under test is terminated by a load
impedance in place of the open circuit termination and short circuit termination; the load
impedance value should be equal to the nominal impedance Zg. Z;, is calculated from the

measured S, parameter.
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