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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 11: Symmetrical single pair cables with transmission characteristics

up to600-MHz 1 25 GHz - Horizontal floor wiring - Sectional specificatjon
FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compfising
| national electrotechnical committees (IEC National Committees). The object of IEC is to promiote internafional
-operation on all questions concerning standardization in the electrical and electronic,fields. To this endl and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as AEC "Publication(s)”). [Their
eparation is entrusted to technical committees; any IEC National Committee interested in the subject dealf with
ay participate in this preparatory work. International, governmental and non-governmental organizations ligising
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatign for
andardization (ISO) in accordance with conditions determined by agreement between the two organizatidns.

1)

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
nsensus of opinion on the relevant subjects since each technicak eommittee has representation from all

terested IEC National Committees.

594 ws3°DVIg L

m

3) C Publications have the form of recommendations for international use and are accepted by IEC National
pmmittees in that sense. While all reasonable efforts are.‘made to ensure that the technical content of IEC
Liblications is accurate, IEC cannot be held responsible’ for the way in which they are used or for any

isinterpretation by any end user.

3TVQO

4) order to promote international uniformity, IEC National Committees undertake to apply IEC Publicqtions
ansparently to the maximum extent possible in theirdational and regional publications. Any divergence between

hy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Igtter.

o = =

5) IHBC itself does not provide any attestation ,of\Conformity. Independent certification bodies provide confdrmity

agsessment services and, in some areas,‘d@ecess to IEC marks of conformity. IEC is not responsible fof any
s¢rvices carried out by independent certification bodies.

6) A|l users should ensure that they haye‘the latest edition of this publication.

7) Np liability shall attach to IEC orlits directors, employees, servants or agents including individual expert$ and
members of its technical committees and IEC National Committees for any personal injury, property damage or
ofher 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) Altention is drawn to the Normative references cited in this publication. Use of the referenced publicatigns is
indispensable for'the correct application of this publication.

9) Altention is dfawn 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.

redline version of the official IEC Standard allows the user to identify the chan

wherever a ¢ ange In green text, deletions are in

strikethrough red text.

Ions are
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IEC 61156-11 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 second edition cancels and replaces the first edition published in 2019. This edition
constitutes a technical revision.

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

a) 3

dditional cable type in support of T1-C generic single pair cabling up to 1 25 GHz:

b) iptroduction of low frequency coupling attenuation as an integral parameter deseri

q

g

The

Full

the above table.

The

This
accq
at W
desq

A lis
sym

The

stab
spe(
o
[ \
o
o 3

creening efficiency at frequencies below 30 MHz.

text of this International Standard is based on the following documents:
Draft Report on voting
46C/1254/FDIS 46C/1258/RVD

information on the voting for its approval can be found in the‘report on voting indicatg

language used for the development of this Internatjonal Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

ww.iec.ch/members_experts/refdocs. The miain document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

t of all parts in the IEC 61156 sévies, published under the general title Multicore

committee has decided that;the contents of this document will remain unchanged unti
lity date indicated on the'IEC website under webstore.iec.ch in the data related to

ific document. At this-date, the document will be
econfirmed,

vithdrawn,

eplaced by a revised edition, or

mended.

metrical pair/quad cables for digital communications, can be found on the IEC website|

bing

din

din
rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

are

and

the
the

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 11: Symmetrical single pair cables with transmission characteristics
up to-600-MHz 1,25 GHz — Horizontal floor wiring — Sectional specification

The

in parallel. In this case, refer to Clause 7.

The
norn

ironment and the installation conditions either unscreepéd or screened cables can be u

61156 describes cableé intended to be u’sed for single balancéd pair (office, hd
strial) applications according to ISO/IEC 11801-1. An example of existing applicatid

bpecified up to a frequency of 1,25 GHz and at a temperaturie of 20 °C. The T1-C type ¢
pecified up to 600 MHz, the T1-D type cable up to 1,25/GHz. Depending on the M

hnk detail specification can be found in Annex A.

be cables can comprise more than one pair inxthe event that several systems are oper,

cables covered by this document arerintended to operate with voltages and curr
nally encountered in communication-systems. While these cables are not intended t

used

in conjunction with low impedance sources, for example the electric power supplig

public utility mains, they are intended to be used to support the delivery of low-voltage rer
powgring applications.

2 ormative references

Thelfollowing documents are referred to in the text in such a way that some or all of their con
congtitutes requirements of this document. For dated references, only the edition cited app|
For |undated _references, the latest edition of the referenced document (including
amejndmentg)applies.

IEC |60708:2005, Low-frequency cables with polyolefin insulation and moisture ba

n is

BASE-T1, see ISO/IEC TR 11801-9906. The transmission ch@racteristics of these cables

able
ICE
sed.

ated

ents
D be
s of
note

tent
lies.
any

rrier

polyplefin sheath

IEC 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications —
Part 1: Generic specification
EC 61456-1:2007/AMD1:20092
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IEC 61156-5:2009, Multicore and symmetrical pair/quad cables for digital communications —
Part 5: Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz —
Horizontal floor wiring — Sectional specification

IEC 62153-4-3:2043, Metallic communication cable test methods — Part 4-3: Electromagnetic
compatibility (EMC) — Surface transfer impedance — Triaxial method

IEC 62153-4-5:2008, Metallic communication cables test methods — Part 4-5: Electromagnetic
compatibility (EMC) —Ceupling Screening or-sereening coupling attenuation — Absorbing clamp
method

IEC[E)B2153-4-9:2018, Metallic communication cable test methods — Part 4-9: Electrontagmetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method
IEC[62153-4-9:2018/AMD1:2020

ISO{IEC TS 29125:2047, Information technology — Telecommunications cabling requirements
for remote powering of terminal equipment

3 [Ferms and definitions

For the purposes of this document, the terms and definitions given in IEC 61156-1:2007-agd-in
IEC181156-1:2007/AMD1:2009 apply.

ISOland IEC maintain terminology databases for use in standardization at the folloying
addresses:

. IEC Electropedia: available at https://www.électropedia.org/

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

4 |nstallation considerations

4.1 General remarks

Installation area considerations are defined in IEC 61156-1:2007. Other areas may be
congidered.

4.2 | Bending radius’of installed cable

The|minimum bending radius of the cable shall be equal to or less than four times the oufside
dianpeter of the.cable unless otherwise specified.

4.3 Climatic conditions

Under static conditions, the cable shall operate at least in the temperature range of the
environment from -20 °C to +60 °C.

The attenuation increase due to the elevated operating temperature (temperature of the
environment) is described in 6.3.3.2.

In the case of application of remote powering, the maximum temperature of the conductor shall
not exceed the maximum operation temperature under static conditions (60 °C) in order to
maintain the integrity of the dielectric material performance which is aligned to the
environmental temperature range.

Extended temperature ranges are permitted and-may shall be specified in the relevant detail
specification.
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5 Materials and cable construction

5.1 General remarks

For the purposes of this document, the requirements of IEC 61156-5:2009 apply.

The choice of materials and cable construction shall be suitable for the intended application
and installation of the cable and in line with the requirements of IEC 61156-1.-Particularcare
shall-be-taken-to-meet Ensure that any requirements for EMC and fire performance (such as
burning properties, smoke generation, evolution of halogen gas) are met. Regional regulations

nplv as well
Can rrJ

5.2 Cable construction

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

5.3 Conductor

The|conductor shall be a solid annealed copper conductor in accordance with the requiremgents
of IEC 61156-1:2007 and should have a nominal diameter between 0,4 mm and 0,65 mm. A
conductor diameter of up to-4+6 1,05 mm may be used.

NOTE The conductor dimensions seen in practice are wider than thosesdimensions that correspond to the resisfance
requifements according to 6.2.1 and are therefore relevant for thg’ design of the contact terminals of conngcting
hardware.

5.4 | Insulation
The|conductor shall be insulated with a suitable material. Examples of suitable materials gre:

— polyolefin;
— fluoropolymer;
— Ipw-smoke zere-halogen-free thermoplastic material.

Thelcolour code shall be in aceordance with IEC 60708 if not specified differently in the releyant
detalil specification.

5.5 | Cable element

The|cable element-shall be a-pairand-shall-be balanced twisted pair. The entire cable may
comprise moreg than one cable element, see 6.3.5 and Clause 7.

5.6 | Screening of the cable element

Thelscreen of the cable element (if exists) shall be in accordance with the requirements of
IEC 61156-1:2007.

5.7 Cable make-up

Fillers or spacers may be used in the cable elements and to separate cable elements. The cable
elements and their screens, if they are screened, may be covered by an intermediate jacket.
This jacket shall be in accordance with 5.9. The core of the cable may be wrapped with a
protective layer of non-hygroscopic and non-wicking material.

5.8 Screening of the cable core

For screened cables, a screen for the cable core shall be provided. The screen shall be in
accordance with the requirements of IEC 61156-1:2007.
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Sheath

The sheath material shall consist of a suitable material. Examples of suitable materials are:

— polyolefin;
- PVC;
— fluoropolymer;

— low-smoke zere-halogen-free thermoplastic material.

The sheath shall be continuous, having a thickness as uniform as possible. A non-metallic

ripc

The

5.10 Identification

Eac

codeg, using one or a combination of the following methods:

— appropriately coloured threads or tapes;
— with a printed tape;
— printing on the cable core wrapping;

— rparking on the sheath.

Add

to this document.

5.11

The

6

6.1

Clayse 6 lists the characteristics and minimum requirements of a cable complying with
docyment. Test methods shall be in accordance with the requirements of IEC 61156-1:4
apdHEC-61156-42007/AMD1:2009, except for the length of the cable under test which sha

as s

The
com

n length of cable shall be identified as to the supplier and, when tequired, a tracea

tional markings, such as length marking, arespermitted. If used, such markings shall

Finished cable

finished cable shall be adequately-protected for storage and shipment.

Characteristics and requirements

General remarks

pecified in Cl-ause 6.

King.

colour of the sheath is not specified but it should be specified in the relevant deetail
spegification.

bility

efer

this
007
Il be

pHance.

computed requirements in dB, rounded to one decimal place, shall be used to deterrlnine

The tests for electrical characteristics in accordance with 6.2 shall be carried out on a cable

leng

th of not less than 100 m, unless otherwise specified.

The tests for transmission characteristics in accordance with 6.3 shall be carried out on a cable
length of 100 m, unless otherwise specified. For T1-D type cables a length of 50 m may be used
to improve accuracy at high frequencies.
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For measurements over a wide frequency range as required for T1-D type cable, a balun-less
measurement technique is recommended, see IEC TR 61156-1-23.

6.2

Electrical characteristics and tests

6.2.1 Conductor resistance

The maximum conductor resistance at or corrected to 20 °C shall not exceed-445 72,5 Q/km.

6.2.2 Resistance unbalance

6.2.

The|resistance unbalance shall not exceed 2,0 %.

6.2.2.2 Resistance unbalance between pairs

If a
resig

6.2.

The
scre
2,5
0,7

6.2.4
The

—

-

The
500

6.2.
The

6.2.6 Capacitance unbalance

The
freq

A Resistance unbalance within a pair

plicable, for example in the case of bundled cables (see ClauseN/), the pair-to
tance unbalance shall not exceed 5,0 %.

] Dielectric strength

e shall be no failures when a test is performed on a<conductor/conductor and, w
ens are present, on a conductor/screen with 1,0 kV DC for 1 min or, alternatively,

V AC for 1 min or alternatively 1,7 kV AC for 2 s,

L Insulation resistance
test shall be performed on:

onductor/conductor;
onductor/screen (if exists).

minimum insulation resistance at or corrected to 20 °C shall be not less than-5-GQ
0 MQ-km when tested iminediately after the dielectric strength test.

b Mutual capacitance

mutual capacitance is not specified but may be indicated in the relevant detail specifica

maximum capacitance unbalance pair to ground shall not exceed 1 200 pF/km
lency’of 800 Hz or 1 000 Hz.

pair

here
with

V DC for 2 s. An AC voltage may be used. The AC voltage levels in these cases shall be

tion.

6.2.7 Transfer impedance

For screened cables,Fwe three grades of performance are recognised for transfer impedance.
The transfer impedance measured in accordance with IEC 62153-4-3 shall not exceed the
values of at least one grade shown in Table 1. Requirements at frequencies below 1 MHz are
for further studies (ffs).

3 ¢

urrently under revision to become a TS.
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Table 1 — Transfer impedance

E Maxi " for i .
MHz
Coenelet Coraele
+Ho10 |
ft—_é‘l'ﬁjdljlﬁ' ft__@s.e]ao.m
101030 #=55-3520031
=710 ===

Frequency range Maximum surface transfer impedance in mQ/m
fin MHz Grade 1 Grade 1b Grade 2
0,1to1 15 50
11010 7, <15() 17 7, <30(f) 1" 7, <50(f) %%
0,681
10 to 20 Zts10% Ztszo% Z; < 23,392(f)

6.2.8

Coupling attenuation and low frequency eoupling attenuation

Fout Three performance types for coupling attenuation are recognised. Coupling attenuation
be measured using either the absorbing<glamp method (IEC 62153-4-5) or the triaxial
od for screened cables (IEC 62153-4-9). When measured using one of these methods| the
coupling attenuation in the frequency range\from /= 30 MHz to-+080606-MHz 1 GHz for T1-C fype
cables or 1,25 GHz for T1-D type cables-Shall meet the requirements of Type I, Type Ib or Type

shal
met

Ilin

icated in Table 2.

Table 2 — Coupling attenuation

Coupling attenuation

Coupling Frequency range
aftenuation type MHz dB
30 to 100 2 85
Type | 100 to1 000 for T1-C type cables > 85 - 20 log, , (//100); fin MHz
100 to-4-000 1 250 for T1-D type cables
30 to 100 270
Type-lb 100 to 1 000 for T1-C type cables > 70 - 20 log, , (//100); /in MHz
100 to 1 250 for T1-D type cables
30 to 100 > 55
Type Il 100 to 1 000 for T1-C type cables

100 to 1 250 for T1-D type cables

255 - 20 log,, (f/100); fin MHz

For frequencies below 30 MHz three performance types for low frequency coupling attenuation
are recognised (see Table 3). Low frequency coupling attenuation shall be measured using the
triaxial method according to IEC 62153-4-9 in a tube of 3 m length.
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Table 3 - Low frequency coupling attenuation

Low frequency coupling Frequency range Low frequency coupling attenuation
attenuation type MHz dB
Type | 0.1 to 30 > 85-10 log,, (//30), 100 dB max. (ffs); /in MHz
Type Ib 0,1 to 30 2 70-10 log,, (f/30), 85 dB max. (ffs); fin MHz
Type Il 0,1 to 30 2 55-10 log,, (f/30), 70 dB max. (ffs); fin MHz
Further details about the background of coupling attenuation versus low frequency coupling

atte

NOTIE
appligable for MICE E3.

6.2.

The
but

current-carrying capacity is provided by ISO/IEC TS 29125:2047.

NOTE

6.3
6.3.

The

6.3.
6.3.
The

rande from-4 0,1 MHz to 600 MHz for T1-C type cables or 1,25 GHz for T1-D type cables.
requirements from 0,1 MHz(toM MHz are ffs.

whefe

T

f
6.3.

huation requirements are given in Annex B.

Coupling attenuation and low frequency coupling attenuation requirements according toyType Il ar

9 Current-carrying capacity

maximum current-carrying capacity is installation dependent and-therefore not spec
may be indicated in the relevant detail specification. Further 'guidance with respe

Local regulations can apply when supplying remote power.
Transmission characteristics

Velocity of propagation (phase velocity)

2 Phase delay and differential delay (delay skew)
2.1 Phase delay

phase delay, :, shall not exceed the value obtained from Formula (1) in the frequsg

r=534+£

NI

requirements are not specified but may befindicated in the relevant detail specification.

P not

ified
tt to

Ency
The

(1)

issthe phase delay in ns/100 m;

is the frequency in MHz.

2.2 Differential delay (delay skew)

If applicable, for example in the case of bundled cables (see Clause 7), the maximum delay
skew between any two pairs, when measured at (20 £ 3) °C, shall not exceed 25 ns/100 m in
the frequency range from 0,1 MHz to 600 MHz for T1-C type cables or 1,25 GHz for T1-D type

cab

6.3.
6.3.

les. The requirements from 0,1 MHz to 1 MHz are ffs.

3 Attenuation («)

3.1 Attenuation at 20 °C operating temperature

The maximum attenuation, «, of any pair in the frequency range indicated in Table 4 shall not
exceed the value obtained from Formula (2). The requirements from 0,1 MHz to 1 MHz are ffs.
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are

fs.

a=a|f +bf +¢/\f 2)
where
o is the attenuation expressed in dB/100 m;
a, b, c are constants indicated in Table 4;
f is the frequency expressed in MHz.

Table 4 — Attenuation equation constants
Frequency range Constants
MHz a b c
0,1 to 600 for T1-C type cables
1,8 0,005 0,25
0,1 to 1 250 for T1-D type cables
6.3.3.2 Attenuation at elevated operating temperature
Thelincrease of the maximum attenuation from Formula (2)-dtue to elevated environmental
temperature above 20 °C is obtained by calculation as follows:
— fpr unscreened cables: 0,4 %/°C, for the tempefature range from 20 °C to 40 °C |and
0,6 %/ °C for the temperature range from 40 °C49°\60 °C;

— fpr screened cables: 0,2 %/ °C in the temperature range from 20 °C to 60 °C.
In the event of application of remote powering, the actual conductor temperature should be
congidered in order to calculate the attenuation increase. If an extended environmegntal
temperature range is specified (see 4.3),the temperature coefficients given in 6.3.3.2 might not
be {pplicable. The method provided inntEC 61156-1 should be used to determine temperdture
coefficients in this case.
6.3.4 Unbalance attenuation (TCL and EL TCTL)
The|minimum near-end unbalance attenuation (transverse conversion loss (TCL)) shall nqt be
less|than the value obtained from Table 5 in the frequency range from 0,1 MHz to 600 MHEg for
T1-Q type cables or’ 25 GHz for T1-D type cables. The requirements from 0,1 MHz to 1 MHz
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Table 5 — TCL requirements

Frequency range TCL
MHz dB
1t0-600
40-dB-maximum

Screened cables Unscreened cables

40 - 151og,, (/); fin MHz; 40 dB maximum 68 - 15 log,, (/); fin MHz; 53 dB maximpm
e 7 dB minimum 7 dB minimum

68 - 15 log,, (/); fin MHz; 53 dB maximum 68 - 15 log,, (); fin MHz83,dB maximpm
P 7 dB minimum 7 dB mipimém

68 - 15 log,, (/); /in MHz; 53 dB maximum 76 = 15 log,, (f); £ip MHz; 53 dB maximpm
pree 7 dB minimum ' dB minimum

68 - 15 log,, (/); fin MHz; 53 dB maximum 84 - 15 lags, (/); fin MHz; 53 dB maximpm
P 7 dB minimum 7 dB minimum

The|minimum equal-level far-end unbalance attenuation (equal-level transverse conversion
trangfer loss (EL TCTL)) shall not be less than thesvalue obtained from Table 6 in the frequé¢ncy
rande from 0,1 MHz to 600 MHz for T1-C typeceables or 1,25 GHz for T1-D type cables.|The
requirements from 0,1 MHz to 1 MHz are ffs.

Table 6 —-EL TCTL requirements

Frequency range EL-TCTL
MHz dB
1t 600 49;2—9“’%10 y y

Screened cables

Unscreened cables

6 dB minimum

dB dB
40 - 20 log,, (/); fin MHz; 53 dB maximum 40 - 20 log,, (f); fin MHz; 53 dB maximpm
Level %
6 dB minimum 6 dB minimum
50 = 20 1og. (A #in MHz: 53 dB maximum 50 = 20 10g. (A #in MHz: 53 dB maximlim
Level 2
6 dB minimum 6 dB minimum
60 - 20 log,, (/); fin MHz; 53 dB maximum 60 - 20 log,, (/); fin MHz; 53 dB maximum
Level 3

6 dB minimum

For calculation of EL TCTL, the TCTL and the attenuation measurement of the test specimen

with the same length as defined in 6.1 shall be used.
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6.3.5 Alien (exogenous) near-end crosstalk (PS ANEXT)

The PS ANEXT (power-sum alien near-end crosstalk) of the cable when tested in accordance
with IEC 61156-1:2007 shall be not less than the values obtained from Table 7. The
requirements from 0,1 MHz to 1 MHz are ffs.

Table 7 — PS ANEXT requirements

Erecuensronos B
MHz dB
e =
100-to-600 67
Cable type Frequency range PS ANEXT
MHz fol3]
T1-C type cables 0,1 to 100 70
100 to 600 70 = 1Qlag,, (f1100); fin MHz
T1-D type cables 0,1 to 100 75
100 to 1 250 #5 = 10 log,, (f7100); fin MHz

For pcreened cables meeting the requirements of 6,27 and 6.2.8 (minimum Type tbl) ANEXT
is proven by design (ffs).
6.3.6 Alien (exogenous) far-end crosstalk (PS AACR-F)

The|PS AACR-F (power-sum alien attenuation to crosstalk ratio far-end) of the cable when
tested in accordance with IEC 61156+1:2007 shall not be less than the values obtained from
Table 8. The requirements from 0,1*MHz to 1 MHz are ffs.

For palculation of AACR-F, the:AFEXT and the attenuation measurement of the test specimen
with|a length as specified in6.1 shall be used.

Table 8 — PS AACR-F requirements

Frequency range PSAAECR-F
MHz dB
140600 103 =20deg, ;{AFinMHz
Cable type Frequency range PS AACR-F
MHz dB
T1-C type cables 0,1 to 600 98 - 20 log,, (/); fin MHz
T1-D type cables 0,1to 1250 103 - 20 log,, (/); fin MHz

If AFEXT up to 600 MHz is greater than 90 dB for T1-C type cables or greater than 90 dB up to
1 GHz and greater than 80 dB from 1 GHz to 1,25 GHz for T1-D type cables, it might not be
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possible to calculate the AACR-F and it can be assumed the criteria according to Table 8 are
met.

For those frequencies where the calculated limit value of PS AACR-F is greater than 75 dB for
T1-C type cables, the requirement shall be 75 dB.

For those frequencies where the calculated limit value of PS AACR-F is greater than 80 dB for
T1-D type cables, the requirement shall be 80 dB.

For screened cables meeting the requirements in accordance with 6.2.7 and 6.2.8 (minimum
Typg o)y, AFEXT IS provemnm by desigm.

6.3.T Alien (exogenous) crosstalk of bundled cables

The|relevant requirements of this document — especially those of 6.3.5 and 6.3:6\= apply;|see
also|Clause 7.

6.3.8 Impedance

The| fitted or mean characteristic impedance measured in acc¢ordance with IEC 61[156-
1:2007/AMB4:2009 shall be 100 Q £ 5 Q at 100 MHz. A measurement of the input impedance
is ngt sufficient to ensure return loss limits.

Recpmmendations—eentained given in |IEC TR 61156:1-2 and |EC TR 61156-1-5| for
improvement of measurement uncertainty-may can be-considered.

6.3.9 Return loss (RL)

The|minimum return loss of any pair in the ffequency range indicated in Table 9 shall ngt be
less|than the values in Table 9.

Table'9 — RL requirements

Frequency range RL
MHz dB

0,1to 1 20 + 10 log,, (f); fin MHz (ffs)

1to 10 20 + 5 logyq (f); fin MHz
10, t6°20 25
25-7lo 720); fin MHz
2010 600 17,??1dOBo;1ini)m{Jm
600 fo 1 250 17,3 - 10 log, , (f1600); /'in MHz

T1-D type cables only

When using a balun-less measurement technique, the corresponding descriptions of
IEC TR 61156-1-2-may can be considered. Recommendations contained in IEC TR 61156-1-5
for improvement of measurement uncertainty by a correction technique-may can be considered.

6.4 Mechanical and dimensional characteristics and requirements
6.4.1 Dimensional requirements

The overall diameter of insulation, the nominal thickness of the sheath and the maximum overall
diameter of the sheath are not specified, but shall be indicated in the relevant detail
specification.
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6.4.2 Elongation at break of the conductor

The

minimum elongation at break of the conductor shall be not less than 8 %.

6.4.3 Tensile strength of the insulation

The tensile strength of the insulation is not specified, but may be indicated in the relevant detail
specification.

6.4.4 Elongation at break of the insulation

The

6.4.

The
rele

minimum value of the elongation at break of the insulation shall be not less than 10Q

b Adhesion of the insulation to the conductor

adhesion of the insulation to the conductor is not specified, but may be-indicated in
ant detail specification.

6.4.6 Elongation at break of the sheath

The

6.4.

The

minimum value of the elongation at break of any sheath shall-bé not less than 100 %.

f Tensile strength of the sheath

minimum tensile strength of any sheath shall be not less than 9 MPa.

6.4.8 Crush test of the cable

The
sped

ification.

6.4.9 Impact test of the cable

The
sped

6.4.

The

ification.

0 Bending under tension

bending performance of the cable is not specified but may be indicated in the rele

detalil specification(

6.4.
Not

1 Repeated bending of the cable

bpplicable.

the

crush resistance of the cable is not specified but may be indicated in the relevant detail

impact resistance of the cablelis not specified but may be indicated in the relevant detail

vant

6.4.°

F2—Tensite performance of thecabte

The tensile strength of the cable is not specified but may be indicated in the relevant detail
specification.

6.4.13 Shock-test requirements of the cable

Not applicable.

6.4.14 Bump-test requirements of the cable

Not applicable.
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6.4.15 Vibration-test requirements of a cable

Not applicable.

6.5 Environmental characteristics
6.5.1 Shrinkage of the insulation

When tested at (100 £ 2) °C for 1 h, the shrinkage of the insulation shall not exceed 5 %. The
length of the sample shall be 150 mm, and the shrink-back shall be measured as the sum from
both ends.

6.5.2  Wrapping test of the insulation after thermal ageing

No

—

ppplicable.

6.5.3 Bending test of insulation at low temperature

The|bending test of the insulated conductor shall be carried out at (-20-# 2) °C. The mandrel
dianpeter shall be 6 mm. There shall be no cracks in the insulation.

6.5.4 Elongation at break of the sheath after ageing

The|ageing regime shall be seven days at (100 + 2) °C. The\elongation at break after ageing
shall not be less than 50 % of the unaged value.

6.5.% Tensile strength of the sheath after ageing

The|ageing regime shall be seven days at (100x+.2) °C. The tensile strength after ageing shall
be not less than 70 % of the unaged value.

6.5.6 Sheath pressure test at high-temperature

Not ppplicable.

6.5.7 Cold bend test of the-cable

The|bending test shall be carried out at (-20 + 2) °C. The mandrel diameter shall be eight times
the pverall diameter ofithe cable. There shall be no cracks in the sheath.

6.5.8 Heat shock test

Not ppplicable.

6.5.1) Damp heat steady state

Not applicable.

6.5.10 Solar radiation

The resistance to solar radiation is not specified but may be specified in the relevant detail
specification.

6.5.11 Solvents and contaminating fluids

The resistance to solvents and contaminating fluids is not specified but may be specified in the
relevant detail specification.
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6.5.12 Salt mist and sulphur dioxide

Not applicable.

6.5.13 Water immersion

Not applicable.

6.5.14 Hygroscopicity

thall

tha

L3R a~

hall

in weight.

%

unless reaional or lncadl reaulations (e g

TOCaT ToguUtattono Ty

oo oTogToar—ot

TOCaT TroguiatoTo oG O T aiCatC Ui o T oo v ot Gt o p o oiicat ot tCotTpriart

O C oo T OgTomaTr O 0T T Cguiattoro (C-g—or [y 1t

rformed-in-accordancewith IEC 614156-1 unless reaional orlocalreaulations (e o CHR in

oo acCor dahtce Wit Eo O 11900

OO T OgTomaTr O 10T Cguiatioro (Crg—or [y 1t

rformed-in-accordavce with IEC 614156-1 unless reaional orlocal reaulations (e o CHR in

oo TacCordaircC Wit Eo O 11900

The amount of moisture gained after 3 h shall not exceed 1

6.5.15 Wicking

The|test solution shall not wet the filter paper at the end of 6 h.

6.5.16 Flame propagation characteristics of a single cable

If reatuired bv local reaulations and/orindicated in the relevant detail snacification the test

OO TO o)y ToCal rCguia oo a7 O o rcatC O T T o1 varmt O T o o p T ca o, thiTc tCotprian

be nerformed-in accordance with IEC 861156-1

PO O T O T atooruantcC— Wit o O 1T 190

If inglicated in the relevant detail specification, the test shallde performed in accordance |with

IEC61156-1.

6.5.17 Flame propagation characteristics of bunched cables

f ratuired bv local reaulations and/orindicated incthe relevant detail snecification—the test ¢hall

T ToHUTT oo oy

be
be

Eurdpe)-apply-

If inflicated in the relevant detail specification, the test shall be performed in accordance |with

IEC61156-1.

6.5.18 Halogen gas evolution

I rettuired-byvlocal reaulations and/orindicated-in-the relevant detail snecification—the test
HegHreaby+ocalFegthattoRsSanarorhaicatecihthereievantaetaH-spectHcationthetest

be
Pbe

Eurdpe)-apply-

If inglicated in _tre*relevant detail specification, the test shall be performed in accordance |with

IEC61156-7-

6.5.19/,"Smoke generation

If indicated in the relevant detail specification, the test shall be performed in accordance with

IEC 61156-1.

6.5.20 Toxic gas emission
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If indicated in the relevant detail specification, the test shall be performed in accordance with

IEC

61156-1.

6.5.21 Integrated fire test method for cables in environmental air handling spaces

If indicated in the relevant detail specification, the test shall be performed in accordance with

IEC 61156-1

7 PBundled cable requirements

7.1 | General

In bundled cables, break-out cables or cable harnesses, several one-pair'eables as descrjbed
in thjs document may be bundled. Such arrangements shall be specifiedin a detail specification
agrdged on by the manufacturer and the customer. Relevant safety regulations in addition to| this
docyment shall be taken into account. The limits for alien crosstalk shall apply for the crosgtalk
between the one-pair cables as described in this document.

7.2 | Single pairs sharing one sheath

7.2. General

In the event that several pairs are operating inyparallel in a multi-pair cable, the crossgtalk
between the pairs shall be considered. The mastiobvious case of four-pair cables is assumed
in 7}2 for the requirements of near-end and, far-end crosstalk. In the case of a diffgrent
pair{fcount, the applicable power-sum requirements in this document for the relevant pair-cpunt
shall be met in order to achieve similar noise levels.

7.2.2 Near-end crosstalk (NEXT)

The|requirements of Table 10.@pply to four-pair cables only. If applicable, the worst neartend
crosptalk shall not be less than the values indicated in Table 10.

Table 10 — NEXT and PS NEXT requirements

Frequency range Se il esendeamnent B
MHz dB dB
7 =A81eg, 1087 =18-eg,
et
Frequency range NEXT requirement PS NEXT requirement
MHz dB dB
1 to 600 for T1-C type cables 114 - 15 log,, (f); 111 =15 logy, ();
1to 1 250 for T1-D type cables 7in MHz 7in MHz

For those frequencies where the calculated value of NEXT is greater than 78 dB, the
requirement shall be 78 dB. For those frequencies where the calculated value of PS NEXT is
greater than 75 dB, the requirement shall be 75 dB.
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7.2.3 Attenuation to crosstalk ratio far-end (PS ACR-F)

The requirements of Table 11 apply to four-pair cables only. If applicable, the pair-to-pair ACR-
F in dB for any combination shall be greater than or equal to the value obtained from Table 11.

Table 11 — ACR-F and PS ACR-F requirements

Frequency range ACR-Frequirement PS ACR-F requirement
MHz dB dB
o 99 - 20 log,; {1); 96 20log,, (1)
TP . - r ,I . . r ,I
Frequency range ACR-F requirement PS ACR-FRrequirement
MHz dB dB

1 to 600 for T1-C type cables 133 - 20 log,, () 130 - 20 log,, ();
1to 1 250 for T1-D type cables fin MHz fin MHz

For galculation of ACR-F, the FEXT and the attenuation measurement of the test specimen |with
length as defined in 6.1 shall be used.

If FEXT up to 600 MHz is greater than 90 dB for T1-B. type cables or greater than 90 dB Up to
1 GHz and greater than 80 dB from 1 GHz to 1,25 GHz for T1-D type cables, the ACR-F may
not be calculated.

For those frequencies where the calculatéd limit value of ACR-F is greater than 78 dB| the
requirement shall be 78 dB. For those fréquencies where the calculated value of PS ACR{F is
gregter than 75 dB, the requirement shall be 75 dB.
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Annex A
(informative)

Blank detail specification

The blank detail specification determines the layout and style for detail specifications describing
symmetrical single pair cables with transmission characteristics up to-660-MHz 1,25 GHz. Detail
specifications, based on the blank detail specification, may be prepared by a national
organization, a manufacturer, or a user. The detail specification-shall should be written in
accordance with the layout of the blank detail specification described here.

This
and
cabl

NOTY
sevd
they

The
item
[1]
(2]
(3]
(4]
[5]
[6]

[7]
(8]
(9]

[10]

blank detail specification includes additional recommended environmental charagteri
severities, which are derived from the environmental classifications that are spécifie
ng for various environments.

E_Environmental classifications are presented in ISO/IEC 11801-1 with three leve
rity in four areas: mechanical, ingress, climatic, and electromagnetic; thus, in tabular f
are referred to as the "MICE table".

numbers shown in brackets on this and the following pages(correspond to the follo
s of required information, which shall be entered in the spaces provided.

Name and address of the organization that has prepared the document.

IEC document number, issue number and date-of issue.

Address of the organization from which the document is available.

Related documents.

Any other reference to the cable: national reference, trade name, etc.

A complete description of the cable, Which-shall should include:

Q

) type and number of elements;

[}

) nominal impedance;

(¢

screening;

(o}

)

) application;

e) other distinguishing performance characteristics.

Details of the'cable material and construction.

Special requirements for bending radius or operating temperatures.

List ofiCable characteristics, separated into electrical, transmission, mechanical
enyitonmental characteristics.

[11]

[12]

Appropriate subclause references to this document.

Comments — Relevant remarks.

stics
i for

s of
brm,

ving

and

st as
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[1] Prepared by:

[2] Document:

Issue:
Date:

[3] Available from:

[4] Generic specification: IEC 61156-1
Sectional specification: IEC 61156-11

Blank detail specification: IEC 61156-11:20492023,
Annex A

[5] Additional references:

[6] Cable description:
a) Type and number of elements:

b) Nominal impedance:
c) Screening:
d) Application:

e) Other distinguishing performance characteristics:

[7] Cable construction: Subclause

—

[12] Comments

5.2

Cable construction:

5.3

Conductor description:

5.4

Insulation description:
Maximum diameter:
Colour code of elements:

5.5

Cable element:

5.6

Screening of the cable_glement:
Tape material

Minimum overlap,

Drain wire

Braid wire

Braid_material

5.7

Cable' make-up:

5.8

Screening of the cable core:
Tape material

Minimum overlap

Drain wire

Braid wire

Braid material

5.9

Sheath:

Material

Nominal thickness

Colour

Maximum overall diameter
Marking

Ripcord

5.10

Identification

5.11

Packaging of finished cable

(8]

Minimum bending radius for static bending:
Minimum bending radius for dynamic bending:
Temperature range for installation:

Operating temperature range under static conditions:

C1: -10 °C to +60 °C
C2: -25°Cto+70 °C
C3: -40 °C to +70 °C
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[9] [10] (111 [12]

Characteristics Subclause Comments

Electrical 6.2

characteristics

Conductor resistance 6.2.1 < ... Q/km

Resistance unbalance 6.2.2

Resistance unbalance 6.2.2.1 ... %

within a pair

Resistance unbalance 6.2.2.2 ... %

between pairs

Dielectric strength

Conductor/conductor 6.2.3 | ... kV (time of application)

Conductor/screen | | ... kV (time of application)

Insylation resistance

Conductor/conductor 6.2.4 2 ... MQ-km

Conductor/screen > ... MQ-km

Mutlal capacitance 6.2.5 < ... pFmnF/km

Capacitance 6.2.6 < .... pF/mkm

unbplance pair to ground

Trapsfer impedance 6.2.7 Cable should be
according to Grade 1 ¢r
Grade 2, if screened.

Coupling attenuation 6.2.8 | ... dB Cable type should be

Cable type...... Type |, Ib or Il

Low frequency coupling 6.2.8 | ... dB

attepuation Cable type......

Curfent-carrying capacity 6.29 | ... mA The current-carrying
capacity is dependentfon
the installation conditipns
in accordance with
ISO/IEC TS 29125.

Trapsmission 6.3

chafacteristics

Velgcity of propagation 6.3.1

Phase delay 6.3.2.1 < ...ns/100 m

Differential delay (delay 6.3.2.2 <...ns/100 m

skep)

Attgnuation 6.3.3

Gerleral figures 6.3.31 <...dB/100 m

Envjronmental 6.3.3.2 <...%/°C

temperature effects

Unhalance attenuation 6.3.4 >...dB Cable grade shall be

neaf-end (TCL) identified.

Unhalance attenuation 6.3.4 >...dB

far-end (EL TCTL)

Negr-end.crosstalk 7.2.2,if >...dB

applicable

Attgnuation to crosstalk 7.2.3,if 2 ...dB

ratio far-end applicable

Power sum alien 6.3.5 > ...dB

(exogenous) near-end

crosstalk

Power sum alien 6.3.6 >...dB

(exogenous) attenuation

to crosstalk ratio far-end

crosstalk

Alien crosstalk of bundled | 6.3.7 > ...dB In case additional

cables requirements are
specified.

Fitted or mean impedance | 6.3.8

Return loss 6.3.9 > ...dB
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Mechanical and 6.4

dimensional

characteristics

Dimensional requirements | 6.4.1

Insulation diameter ... mm

Sheath thickness

Cable diameter

Elongation at break of the | 6.4.2 2 ... %

conductors

Tensile strength of the 6.4.3 > ... MPa

insulation

Elopgation at break of the | 6.4.4 2 ... %

insylation

Adhlesion of the insulation | 6.4.5

to the conductor

Elopgation at break of the | 6.4.6 2 ... %

shepth

Tengile strength of the 6.4.7 2 ... MPa

shepth

Crugh test of the cable 6.4.8 M1: =2 45 N over 25 mm (linear) min.
M2: =21 100 N over 150 mm (linear)
min.
M3: = 2 200 N over 150 mfw (linear)
min.

Imppct test of the cable 6.4.9 M1:21J
M2:210J
M3:230J

Bending under tension 6.4.10

Repeated bending of the 6.4.11 Not applicable

cable

Tenkile performance of 6.4.12

the cable

Shock test 6.4.13 Not applicable

Bunpp test 6.4.14 Not applicable

Vibtation test 6.4.15 Not applicable
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Environmental 6.5
characteristics
Shrinkage of insulation 6.5.1 <. %
Wrapping test of 6.5.2 Not applicable
insulation after thermal
ageing
Bending test of insulation 6.5.3
at low temperature
Elongation at break of the | 6.5.4 > ... %
sheath after ageing
Tensile strength of the 6.5.5 2 ... MPa
shepttrafterageimg
Sheath pressure test at 6.5.6 Not applicable
high temperature
Cold bend test of cable 6.5.7
Hedt shock test 6.5.8 Not applicable
Damp heat steady state 6.5.9 Not applicable
Solar radiation 6.5.10 C1: Not applicable
C2, C3: Under consideration
Solyents and 6.5.11
confaminating fluids
Salf mist and sulphur 6.5.12 Not applicable
diofide tests
Wafer immersion test 6.5.13 Not applicable
Hygroscopicity 6.5.14
Wicking 6.5.15
Flarne propagation 6.5.16
chaflacteristics of a single
cable
Flarne propagation 6.5.17
chaflacteristics of bunched
cables
Halpgen gas evolution 6.5.18
Smeke generation 6.5.19 The requirement and tpe
test-method shall-be
sges_ﬁ_ed_ t. e-deta
Tox]c gas emission 6.5.20
Integrated fire test 6.5.21
Burjdled cable 7
reqpiirements
Nedr-end crosstalk 7.2.2
reqiirements
Farlend crosStalk 7.2.3
reqliirements
Wh¢n acharacteristic applies but a specific value is not considered necessary, then NS for “not specified” should

be entered in the appropriate place. When NS is used, the appropriate requirements in the specification should

apply.

When a characteristic is marked as not applicable, it is not required by Clause 4 to Clause 7, but-may can be
required in the detail specification.

Ingress requirements using particles are not applicable to a cable.

Electromagnetic requirements coming from the MICE table, i.e. Table 2 of ISO/IEC 11801-1:2017 have been dealt
with by using the requirements that are given for transfer impedance, screening attenuation and coupling
attenuation. ESD requirements are considered not applicable.

The proposed severities are taken from the MICE table, i.e. Table 2 of ISO/IEC 11801-1:2017. Depending on the

actual need of end users, other severities may be agreed between the customer and suppliers.
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Annex B
(informative)

Background information for coupling attenuation and
low frequency coupling attenuation requirements

The parameter coupling attenuation has been specified in the first edition of IEC 62153-4-5 in
2006. Coupling attenuation is an integral measure of screening efficiency of balanced cables.
It combines the effects of reduction of interference by balance and by screening attenuation in

case_th le i r
is described in IEC 62153-4-5 and IEC TS 62153-4-1. An important detail of the theorw that

an

ned. Th karound of the theory of ling attenuation m rement

lectrically long coupling length is needed where the inner system and the outer s m|can

interact.
>
For [he measurement based on absorbing clamps as described in IEC 62153 the following
framework is typical: '\r\’.
— The inner system (the cable under test) is fed via a balun. Q)'
- he detection of the leakage signal in the outer system is achie&&i%y absorbing clamps.

Coupling attenuation measurement is als,ng)ssible using the triaxial method according to

bsorbing clamps with a frequency range of 30 MHz to 1&@ are used. Either a pafir of
bsorbing clamps are used or an absorbing clamp and aQ/' e absorber block with similar
bsorbing characteristics to an absorbing clamp. ;\\

he coupling length (the distance between the abs @g clamps) is 6 m, which is assumed
tp be electrically long for frequencies of 30 MHz higher.

he measurement result is evaluated using a er elope trace having a plateau from 30 MHz
tp 100 MHz followed by a slope with 20 log(f).increase, where f'is the frequency in MHg.

IEC62153-4-9. An important advantage of\this approach is that the frequency range is no lopger

lim

ited by the absorbing clamps. In cage'the triaxial method is used to extend the frequ¢ncy

rande towards lower frequencies, ensute that for the typical coupling length the measurement

and 600 m for 300 kHz. C)\\

p is not electrically long anys@re. For example if a coupling length of 6 m is assumgd to
ectrically long at 30 MHz, e{swould lead to a necessary coupling length of 60 m for 3 MHz

The|coupling length neeg ded for an extension of a coupling attenuation measurement to 100(kHz
is n¢t practicable for(almost every laboratory and furthermore longer than the maximum cjble

len
in

con

IEC 62153-4 018/AMD1:2020, Annex D, i.e. low frequency coupling attenuatior]. In

g‘Eh specified Eg respective application. Therefore a new parameter has been introdyced
ast to te%sual absorbing clamp method it is based on the following typical framework:

The A r system (the cable under test) is fed without a balun but using a mpdal
ce\Qy osition technique. Nevertheless, a balun can still be used.

e detection of the tfeakage signat i the outer System s acieved by the triaxiat set=up.

The frequency range is limited towards high frequencies by the requirement that the set-up
has to be electrically short. Towards low frequencies only the capabilities of the used
network analyser are limiting.

A 3 m long triaxial set-up is assumed to be electrically short up to 30 MHz.

An envelope trace is defined as having a plateau from 100 kHz up to 0,95 MHz followed by
a slope with 10 log(f) increase up to 30 MHz, where f'is the frequency in MHz.

Both parameters, coupling attenuation and low frequency coupling attenuation, are usually
described by the value of the plateau only.
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—upto 1,25 GHz = Horizontal floor wiring = Sectional specification—
FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronicfields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
ublicly Available Specifications (PAS) and Guides (hereafter referred to as AEC "Publication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatig
andardization (ISO) in accordance with conditions determined by agreement'between the two organizatig

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical @ommittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are.made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible’ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bet
hy IEC Publication and the corresponding nation@l or regional publication shall be clearly indicated in the |

C itself does not provide any attestation ,ofisConformity. Independent certification bodies provide confg
Esessment services and, in some areas,‘decess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they haye‘the latest edition of this publication.

p liability shall attach to IEC orlits directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature Whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of ‘the’ publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatig
dispensable for'the correct application of this publication.

tention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of p

techp

61156-11 has been prepared by subcommittee 46C: Wires and symmetric cables, of
ical committee 46: Cables, wires, waveguides, RF connectors, RF and microwave pas

ising
ional
and
orts,
Their
with
ising
n for
ns.

ional
m all

ional
f IEC
any

tions
ween
ptter.

rmity
r any

and
ge or
and
IEC

ns is

atent

IEC
sive

com

ponents and accessories. It Is an International standard.

This second edition cancels and replaces the first edition published in 2019. This edition
constitutes a technical revision.

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

editi

on:

a) additional cable type in support of T1-C generic single pair cabling up to 1,25 GHz;

b) introduction of low frequency coupling attenuation as an integral parameter describing
screening efficiency at frequencies below 30 MHz.
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The text of this International Standard is based on the following documents:

Draft Report on voting

46C/1254/FDIS 46C/1258/RVD

023

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.

This
accq
at w
desq

A lig

symmetrical pair/quad cables for digital communications, can be found @n the IEC website|

The
stab
speq

e rleconfirmed,
e Withdrawn,

e replaced by a revised edition, or

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

din

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,/available

ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

t of all parts in the IEC 61156 series, published under the generaktitle Multicore

committee has decided that the contents of this document will-remain unchanged unti
lity date indicated on the IEC website under webstore.igC.ch in the data related tg
ific document. At this date, the document will be

mended.

are

and

the
the
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FOR DIGITAL COMMUNICATIONS -

Part 11: Symmetrical single pair cables with transmission characteristics
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Sr-nnn
Add A

DO0OBASE-T1, see ISO/IEC TR 11801-9906. The transmission characteristics of t

F environment and the installation conditions either unscreened or screéned cables ca

used. A blank detail specification can be found in Annex A.

The

be cables can comprise more than one pair in the event that several systems are oper

in parallel. In this case, refer to Clause 7.

The

normally encountered in communication systems. While these cables are not intended t

used(

publ
pow

2

The
cong
For

ame

IEC
shed

IEC
Gen

IEC

bring applications.

Normative references

titutes requirements of this.document. For dated references, only the edition cited app|
undated references, the(latest edition of the referenced document (including
ndments) applies.

60708, Low-frequency cables with polyolefin insulation and moisture barrier polyo
th

61156-1, Multicore and symmetrical pair/quad cables for digital communications — P3
eric specification

cables covered by this document are intended to ‘operate with voltages and curr

in conjunction with low impedance sources, forvexample the electric power supplig
ic utility mains, they are intended to be used:te support the delivery of low-voltage rer

following documents are referred to in the text in such a way that some or all of their cor

part of IEC 61156 describes cables intended to be used for single balanced pair*(office,
le, industrial) applications according to ISO/IEC 11801-1. An example of existing-application

ese

bs are specified up to a frequency of 1,25 GHz and at a temperature of‘20°°C. The T1-C
cable is specified up to 600 MHz, the T1-D type cable up to 1,25 GHz"Depending or] the

h be

ated

ents
D be
s of
note

tent
lies.
any

efin

rt 1:

rt &5:

61456-5, Multicore and symmetrical pair/quad cables for digital communications — P3

4 D00 A4LL L

Syn

floor wiring — Sectional specification
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IEC 62153-4-3, Metallic communication cable 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) — Screening or coupling attenuation — Absorbing clamp method

IEC 62153-4-9:2018, Metallic communication cable test methods — Part 4-9: Electromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method

IEC

62153-4-9:2018/AMD1:2020


https://iecnorm.com/api/?name=259430913cace4a7d6f70ff49d780767

-8 - IEC 61156-11:2023 © |IEC 2023

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

3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 61156-1 apply.

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

e IEC Electropedia: available at https://www.electropedia.org/

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

4.1 General remarks

Installation area considerations are defined in IEC 61156-1. Other areas may be considered.

4.2 | Bending radius of installed cable

The|minimum bending radius of the cable shall be equal to.or less than four times the oufside
dianeter of the cable unless otherwise specified.

4.3 Climatic conditions

Undpr static conditions, the cable shall operate at least in the temperature range of the
envifonment from -20 °C to +60 °C.

The| attenuation increase due to thecelevated operating temperature (temperature of| the
environment) is described in 6.3.3.2.

In the case of application of remate powering, the maximum temperature of the conductor $hall
not pxceed the maximum pperation temperature under static conditions (60 °C) in ordegr to
maintain the integrity of ‘the dielectric material performance which is aligned to| the
environmental temperature range.

Extgnded temperature ranges are permitted and shall be specified in the relevant detail
spegification.

5 Materials and cable construction

5.1 — General remarks

For the purposes of this document, the requirements of IEC 61156-5 apply.

The choice of materials and cable construction shall be suitable for the intended application
and installation of the cable and in line with the requirements of IEC 61156-1. Ensure that any
requirements for EMC and fire performance (such as burning properties, smoke generation,
evolution of halogen gas) are met. Regional regulations can apply as well.

5.2 Cable construction

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

The conductor shall be a solid annealed copper conductor in accordance with the requirements
of IEC 61156-1 and should have a nominal diameter between 0,4 mm and 0,65 mm. A conductor
diameter of up to 1,05 mm may be used.

NOTE The conductor dimensions seen in practice are wider than those dimensions that correspond to the resistance
requirements according to 6.2.1 and are therefore relevant for the design of the contact terminals of connecting
hardware.

5.4

The

— polyolefin;
— fluoropolymer;

— Ipw-smoke halogen-free thermoplastic material.

The

detall specification.

5.5

The
one

5.6

The
IEC

5.7

ele

This| jacket shall be in accordance with 5.9. The core of the cable may be wrapped wi
protective layer of non-hygroscopic and non-wicking material.

5.8

For

accqrdance withsthe requirements of IEC 61156-1.

5.9
The

FiII(rar[s or spacers may be used in the cable elements and to separate cable elements. The ¢

Insulation

conductor shall be insulated with a suitable material. Examples of suitable materials\g

colour code shall be in accordance with IEC 60708 if not specified differently in the rele

Cable element

cable element shall be a balanced twisted pair. The entire/cable may comprise more
cable element, see 6.3.5 and Clause 7.

Screening of the cable element

screen of the cable element (if exists) shall'be in accordance with the requiremen
61156-1.

Cable make-up

ents and their screens, if they-are screened, may be covered by an intermediate jaq

Screening of the-cable core

screened cables, a screen for the cable core shall be provided. The screen shall §

Sheath

vant

than

s of

able
ket.
th a

e in

sheath material shall consist of a suitable material. Examples of suitable materials are:

— polyolefin;

PVC;

— fluoropolymer;

— low-smoke halogen-free thermoplastic material.

The sheath shall be continuous, having a thickness as uniform as possible. A non-metallic
ripcord may be provided. When provided, the ripcord shall be non-hygroscopic and non-wicking.

The colour of the sheath is not specified but it should be specified in the relevant detail
specification.
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5.10 Identification

Each length of cable shall be identified as to the supplier and, when required, a traceability
code, using one or a combination of the following methods:

— appropriately coloured threads or tapes;

— with a printed tape;

— printing on the cable core wrapping;

— marking on the sheath.

Addjti

tot

5.11

The

6

6.1

is document.
Finished cable

finished cable shall be adequately protected for storage and shipment.

Characteristics and requirements

General remarks

Cladse 6 lists the characteristics and minimum requirementsof a cable complying with
docyment. Test methods shall be in accordance with the requirements of IEC 61156-1, ex

refer

this
cept

for the length of the cable under test which shall be as<$pecified in Clause 6.
The|computed requirements in dB, rounded to one decimal place, shall be used to determine
compliance.

The

tests for electrical characteristics in aecordance with 6.2 shall be carried out on a ¢

length of not less than 100 m, unless othérwise specified.

The
leng
toi

For

tests for transmission charactefristics in accordance with 6.3 shall be carried out on a ¢

prove accuracy at high fieguencies.

measurements over\a wide frequency range as required for T1-D type cable, a balun

mealsurement technique'is recommended, see IEC TR 61156-1-21.

6.2
6.2.

The

Electrical.characteristics and tests
Conductor resistance

maximum conductor resistance at or corrected to 20 °C shall not exceed 72,5 Q/km.

able

able

h of 100 m, unless otherwisé.specified. For T1-D type cables a length of 50 m may be yised

less

6.2.2 Resistance unbalance

6.2.2.1 Resistance unbalance within a pair

The

resistance unbalance shall not exceed 2,0 %.

6.2.2.2 Resistance unbalance between pairs

If applicable, for example in the case of bundled cables (see Clause 7), the pair-to-pair
resistance unbalance shall not exceed 5,0 %.

1 Currently under revision to become a TS.


https://iecnorm.com/api/?name=259430913cace4a7d6f70ff49d780767

IEC

61156-11:2023 © IEC 2023 -1 -

6.2.3 Dielectric strength

There shall be no failures when a test is performed on a conductor/conductor and, where
screens are present, on a conductor/screen with 1,0 kV DC for 1 min or, alternatively, with
2,5 kV DC for 2 s. An AC voltage may be used. The AC voltage levels in these cases shall be
0,7 kV AC for 1 min or alternatively 1,7 kV AC for 2 s.

6.2.4 Insulation resistance

The

test shall be performed on:

OnGUCIOF/COﬂOUC[OF,

— gonductor/screen (if exists).

The
whe

6.2.
The

minimum insulation resistance at or corrected to 20 °C shall be not less than-5000 M(
h tested immediately after the dielectric strength test.

b Mutual capacitance

mutual capacitance is not specified but may be indicated in the relevant detail specifica

6.2.6 Capacitance unbalance

D-km

tion.

The

ther

The| maximum capacitance unbalance pair to ground shall” not exceed 1 200 pF/km
frequency of 800 Hz or 1 000 Hz.

6.2.7 Transfer impedance

For screened cables, three grades of performance are recognised for transfer impedance.
trangfer impedance measured in accordance-Wwith IEC 62153-4-3 shall not exceed the valugs of
at lefast one grade shown in Table 1. Requirements at frequencies below 1 MHz are for fu
studjes (ffs).

Table 1 — Transfer impedance

Frequency range Maximum surface transfer impedance in mQ/m
fin MHz Grade 1 Grade 1b Grade 2
0,1to 1 15 30 50
_047 -0,17 -0,301
{10 10 7, <15() 010 7, <30(f)"" 7 <50(f) "
0,61
10 10:20 Z < 10% Z; < 20% 7y <23,392(f)

6.2.8 Coupling attenuation and low frequency coupling attenuation

Three performance types for coupling attenuation are recognised. Coupling attenuation shall
be measured using either the absorbing clamp method (IEC 62153-4-5) or the triaxial method
for screened cables (IEC 62153-4-9). When measured using one of these methods, the coupling
attenuation in the frequency range from /= 30 MHz to 1 GHz for T1-C type cables or 1,25 GHz
for T1-D type cables shall meet the requirements of Type I, Type Ib or Type Il indicated in
Table 2.
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Table 2 — Coupling attenuation

Coupling Frequency range Coupling attenuation
attenuation type MHz dB
30 to 100 2 85
Type | 100 to1 000 for T1-C type cables > 85 — 20 log, . (£/100); /in MHz
100 to 1 250 for T1-D type cables 10 ’
30 to 100 270
Type Ib 100 to 1 000 for T1-C type cables > 70 - 20 log,. (£/100); /in MHz
100 to 1 250 for T1-D type cables 10 ’
30 to 100 255
Type Il 100 to 1 000 for T1-C type cables

2 55 - 20 log,, (1/100); fi/MHz
100 to 1 250 for T1-D type cables

For frequencies below 30 MHz three performance types for low frequency coupling attenua

are
tria

ecognised (see Table 3). Low frequency coupling attenuation shall be measured using
xial method according to IEC 62153-4-9 in a tube of 3 m length.

Table 3 — Low frequency coupling attenuation

tion
the

Loy frequency coupling Frequency range Low frequency coupling attenuation
attenuation type MHz dB
Type | 0,1 to 30 2 85<10\og,, (£/30), 100 dB max. (ffs); fin MHz
Type Ib 0,1 to 30 2 70-10 log,, (f/30), 85 dB max. (ffs); fin MHz
Type Il 0,1 to 30 > 55-10 Iog10 (£/30), 70 dB max. (ffs); fin MHz
Further details about the background.of coupling attenuation versus low frequency coupling

attepuation requirements are given.in“Annex B.

NOTE Coupling attenuation and lew frequency coupling attenuation requirements according to Type Il ar

app

6.2

The|maximum currént=carrying capacity is installation dependent and therefore not sped|

but
cur

NOTE Loealregulations can apply when supplying remote power.

6.3
6.3

ligable for MICE E3.

.9 Current-carrying ‘capacity

may be indiéated in the relevant detail specification. Further guidance with respe
rent-carrying.capacity is provided by ISO/IEC TS 29125.

14

not

ified
t to

Jransmission characteristics

A1 Velocity of propagation (phase velocity)

The requirements are not specified but may be indicated in the relevant detail specification.

6.3
6.3

.2 Phase delay and differential delay (delay skew)

.21 Phase delay

The phase delay, :, shall not exceed the value obtained from Formula (1) in the frequency
range from 0,1 MHz to 600 MHz for T1-C type cables or 1,25 GHz for T1-D type cables. The

req

uirements from 0,1 MHz to 1 MHz are ffs.
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r=534+£ (1)

Jr

where
¢ is the phase delay in ns/100 m;

f is the frequency in MHz.

elay
skew between any two pairs, when measured at (20 £ 3) °C, shall not exceed 25-ns/100 m in
the {frequency range from 0,1 MHz to 600 MHz for T1-C type cables or 1,25 GHzfor T1-D type
cables. The requirements from 0,1 MHz to 1 MHz are ffs.

6.3.3 Attenuation («)
6.3.3.1 Attenuation at 20 °C operating temperature

The|maximum attenuation, «, of any pair in the frequency range indicated in Table 4 shal| not
excged the value obtained from Formula (2). The requirements from 0,1 MHz to 1 MHz arg ffs.

a=a|f +bf +c/JF 2)

a is the attenuation expressed in.dB/100 m;
a, bc are constants indicated in T\able 4;
is the frequency expresseed in MHz.

Table'4 — Attenuation equation constants

Frequency range Constants

MHz a b c
0,1 to 600er T1-C type cables
0,1 to11"250 for T1-D type cables

1.8 0,005 0,25

6.3.3.2 Attenuation at elevated operating temperature

The increase of the maximum attenuation from Formula (2) due to elevated environmental
temperature above 20 °C is obtained by calculation as follows:

— for unscreened cables: 0,4 %/°C, for the temperature range from 20 °C to 40 °C and
0,6 %/ °C for the temperature range from 40 °C to 60 °C;

— for screened cables: 0,2 %/ °C in the temperature range from 20 °C to 60 °C.

In the event of application of remote powering, the actual conductor temperature should be
considered in order to calculate the attenuation increase. If an extended environmental
temperature range is specified (see 4.3), the temperature coefficients given in 6.3.3.2 might not
be applicable. The method provided in IEC 61156-1 should be used to determine temperature
coefficients in this case.
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6.3.4 Unbalance attenuation (TCL and EL TCTL)

The minimum near-end unbalance attenuation (transverse conversion loss (TCL)) shall not be
less than the value obtained from Table 5 in the frequency range from 0,1 MHz to 600 MHz for
T1-C type cables or 1,25 GHz for T1-D type cables. The requirements from 0,1 MHz to 1 MHz

are ffs.

Table 5 — TCL requirements

Screened cables Unscreened cables
dR dR

40 - 15 log,, (/); fin MHz; 40 dB maximum 68 - 15 log,, (/); fin MHz; 53 dB maximpm
et 7 dB minimum 7 dB minimum

68 - 15 log,, (/); fin MHz; 53 dB maximum 68 - 15 log,, (/); fin MHZ;.53 dB maximum
Hpret? 7 dB minimum 7 dB minimum

68 - 15 log,, (/); fin MHz; 53 dB maximum 76 - 15 log,, (/); £in MHz; 53 dB maximpm
et 7 dB minimum 7VdB minimum

68 - 15 log,, (/); fin MHz; 53 dB maximum 84 - 151094, (/); fin MHz; 53 dB maximpm
Hpretd 7 dB minimum 7 dB minimum

The|minimum equal-level far-end unbalance attenuation (equal-level transverse convern
trangfer loss (EL TCTL)) shall not be less than the value obtained from Table 6 in the frequg¢
rande from 0,1 MHz to 600 MHz for T1-C type cables or 1,25 GHz for T1-D type cables.

requirements from 0,1 MHz to 1 MHz are ffs.

Table 6 — EL"\TCTL requirements

sion
ENcy
The

Screened cables

dB

Unscreened cables
dB

6 dB minimum

6 dB minimum

40 - 20 log,, (/); £ImMHz; 53 dB maximum 40 - 20 log,, (f); fin MHz; 53 dB maximpm
et 6.dB minimum 6 dB minimum
50 - 204agy, (f); fin MHz; 53 dB maximum 50 - 20 log,, (/); fin MHz; 53 dB maximpm
Hpre 2 6 dB minimum 6 dB minimum
L 3 60+ 20 log,, (/); fin MHz; 53 dB maximum 60 - 20 log,, (/); fin MHz; 53 dB maximpm
bve

For calculation of EL TCTL, the TCTL and the attenuation measurement of the test speci

en

with the same length as defined in 6.1 shall be used.

6.3.5 Alien (exogenous) near-end crosstalk (PS ANEXT)

The PS ANEXT (power-sum alien near-end crosstalk) of the cable when tested in accordance
with IEC 61156-1 shall be not less than the values obtained from Table 7. The requirements
from 0,1 MHz to 1 MHz are ffs.
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Table 7 — PS ANEXT requirements

Cable type Frequency range PS ANEXT
MHz dB
T1-C type cables 0,1 to 100 70
100 to 600 70 = 10 log,, (f1100); fin MHz
T1-D type cables 0,1 to 100 75
100 to 1 250 75 =10 log,, (/7100); fin MHz

For pcreened cables meeting the requirements of 6.2.7 and 6.2.8 (minimum Type I) ANE

proven by design (ffs).

6.3.6

The|PS AACR-F (power-sum alien attenuation to crosstalk ratio far-end)“of the cable W
testg¢d in accordance with IEC 61156-1 shall not be less than the values:obtained from Tab

Alien (exogenous) far-end crosstalk (PS AACR-F)

The|requirements from 0,1 MHz to 1 MHz are ffs.

For palculation of AACR-F, the AFEXT and the attenuation measurement of the test speci

with|a length as specified in 6.1 shall be used.

Table 8 — PS AACR-F requirements

Tis

hen
e 8.

men

Cable type

Frequency range

MHz

PS AACR-F
dB

T1-C type cables

0,1 to 600

98 - 20 log,, (f); fin MHz

T1-D type cables

0,1 10~4"250

103 - 20 log,, (); fin MHz

If AR
1 G}
posY
met.

For
T1-(

For
T1-0

EXT up to 600 MHz is greater than 90 dB for T1-C type cables or greater than 90 dB |
1z and greater than 80,dB-from 1 GHz to 1,25 GHz for T1-D type cables, it might ng
ible to calculate the AAER-F and it can be assumed the criteria according to Table 8

hose frequencies where the calculated limit value of PS AACR-F is greater than 75 di
L type cables,\the requirement shall be 75 dB.

hose<{requencies where the calculated limit value of PS AACR-F is greater than 80 di
typecables, the requirement shall be 80 dB.

p to
t be
are

B for

B for

For screened cables meeting the requirements in accordance with 6.2.7 and 6.2.8 (minimum
Type Ib), AFEXT is proven by design.

6.3.7 Alien (exogenous) crosstalk of bundled cables

The relevant requirements of this document — especially those of 6.3.5 and 6.3.6 — apply; see
also Clause 7.

6.3.8 Impedance

The fitted or mean characteristic impedance measured in accordance with IEC 61156-1 shall
be 100 Q £+ 5 Q at 100 MHz. A measurement of the input impedance is not sufficient to ensure
return loss limits.
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Recommendations given in IEC TR 61156-1-2 and IEC TR 61156-1-5 for improvement of
measurement uncertainty can be considered.

6.3.9 Return loss (RL)

The minimum return loss of any pair in the frequency range indicated in Table 9 shall not be
less than the values in Table 9.

Table 9 — RL requirements

Frenlllpnry range Rl
MHz dB
0,1to 1 20 + 10 log,, (f); f in MHz (ffs)
1to 10 20 + 5 logyq (f); fin MHz
10 to 20 25
25 - 7 log,, (f120); f.in, MHz
20 t0 600 17,3 dB minimum
600 to 1 250 L
17,3-10 1o 7600); fin MH
T1-D type cables only 919,/ )/ z

Whgn using a balun-less measurement technique, thie corresponding descriptions of
IEC|TR 61156-1-2 can be considered. Recommendatigns-contained in IEC TR 61156-1-% for
improvement of measurement uncertainty by a correetion technique can be considered.

6.4 | Mechanical and dimensional characteristics and requirements
6.4. Dimensional requirements

Theloverall diameter of insulation, the neminal thickness of the sheath and the maximum overall
dianpeter of the sheath are not specified, but shall be indicated in the relevant detail
spegification.

6.4.2 Elongation at break.of the conductor

The|minimum elongation.at break of the conductor shall be not less than 8 %.

6.4.3 Tensile strength of the insulation

The|tensile strength of the insulation is not specified, but may be indicated in the relevant detail
spegification.

6.4.4 Elongation at break of the insulation

The minimum value of the elongation at break of the insulation shall be not less than 100 %.

6.4.5 Adhesion of the insulation to the conductor

The adhesion of the insulation to the conductor is not specified, but may be indicated in the
relevant detail specification.

6.4.6 Elongation at break of the sheath

The minimum value of the elongation at break of any sheath shall be not less than 100 %.

6.4.7 Tensile strength of the sheath

The minimum tensile strength of any sheath shall be not less than 9 MPa.
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6.4.8 Crush test of the cable

The crush resistance of the cable is not specified but may be indicated in the relevant detail
specification.

6.4.9 Impact test of the cable

The impact resistance of the cable is not specified but may be indicated in the relevant detail
specification.

6.4.10 Bending under tension

The|bending performance of the cable is not specified but may be indicated in the.releyant
detdil specification.

6.4.11 Repeated bending of the cable

Not ppplicable.

6.4.12 Tensile performance of the cable

The|tensile strength of the cable is not specified but may be /indicated in the relevant detail
spegification.

6.4.13 Shock-test requirements of the cable

No

—

applicable.

6.4.14 Bump-test requirements of the cable

Not ppplicable.

6.4.15 Vibration-test requirements: of a cable

Not ppplicable.

6.5 Environmental characteristics

6.5. Shrinkage of'the insulation

Whgn tested at (100 £ 2) °C for 1 h, the shrinkage of the insulation shall not exceed 5 %.|The
length of the sample shall be 150 mm, and the shrink-back shall be measured as the sum from
both ends.

6.5. Wrapping test of the insulation after thermal ageing

Not applicable.

6.5.3 Bending test of insulation at low temperature

The bending test of the insulated conductor shall be carried out at (-20 + 2) °C. The mandrel
diameter shall be 6 mm. There shall be no cracks in the insulation.

6.5.4 Elongation at break of the sheath after ageing

The ageing regime shall be seven days at (100 = 2) °C. The elongation at break after ageing
shall not be less than 50 % of the unaged value.
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