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1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 5: Symmetrical pair/quad cables with transmission
Sectional specification

FOREWORD

——characteristics-up-to1-000-MHz—Horizontal floorwiring————

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
alll national electrotechnical committees (IEC National Committees). The object<of*IEC is to prpmote

infernational co-operation on all questions concerning standardization in the electrical/and electronic fiel
this end and in addition to other activities, IEC publishes International Standardsy~Technical Specific

fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

Pyblication(s)”). Their preparation is entrusted to technical committees; any [EC*National Committee inte

rested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accofdance with conditions determined by

agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters@xpress, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each deghnical committee has representation fr

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held respopsible for the way in which they are used or fgr any

In|order to promote international uniformity, JEC National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

essment services and, in some-areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

Nq liability shall attach"teMEC or its directors, employees, servants or agents including individual exper
me¢mbers of its techmical’committees and IEC National Committees for any personal injury, property dam
other damage of @ny“nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising-out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pyblications,

Atlention_issdrawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the sub

itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

br any

s and
hge or
) and
r IEC

bns is

ect of

p entriaghte IEC chall nat hg hald racnaoncihlg for idaontifiuing any Ar all cioh natant riahto
A HGAS—= e -8-e+a—f peRSere+otaeRt R gy irSHeRpateRt+HGHS-

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. 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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International Standard IEC 61156-5 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.

This third edition cancels and replaces the second edition published in 2009 and
Amendment 1:2012. This edition constitutes a technical revision.

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

cabling

b) reference to current standards and technical reports with respect to measurement
techniques and remote powering.

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

FDIS Report on voting
46C/1140/FDIS 46C/1144/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the r¢port on voting indicated in the above table.

This document has been drafted in accordance with tHe)SO/IEC Directives, Part 2.

This | International Standard is to be used ciny conjunction with IEC 61156-1:2007| and
IEC 61156-1:2007/AMD1:2009.

A list of all parts in the IEC 61156 serigs, published under the general title Multicord and
symmetrical pair/quad cables for digitalkéommunications, can be found on the IEC websit¢.

The ¢ommittee has decided that.the contents of this document will remain unchanged unfjl the
stability date indicated on thelEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

g¢confirmed,

—

e withdrawn,
o regplaced by-arevised edition, or

e amended.

RTAN e—colc inside’

IMPC a atalTall slde a¥aVallla¥a Ne GcoVvVe a S—pub _.e--e_:
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 5: Symmetrical pair/quad cables with transmission
characteristics up to 1 000 MHz — Horizontal floor wiring —
Sectional specification

cope

This [part of IEC 61156 describes the cables intended primarily for horizontal floor wiring as
defined in ISO/IEC 11801 (all parts).

It co

pairs|or quads—{see-Annex-A}. The transmission characteristics and the\frequency range
Tablg 1) of the cables are specified at 20 °C.

Thes|

Table 1 — Cable categories

Maximum referenced
Cable designation frequency

MHz
Category 5e 100
Category 6 250
Category 6, 500
Category 7 600
Category 7, 1000

pairs| simultaneously. In this sense, this document provides the cable characteristics req
by sy stem developers to-gvaluate new systems.

The

normfally encountered in communication systems. While these cables are not intended

used
publi

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

ers cable designs comprising individually screened, common screenéd and unscreened

(see

e cables can be used (for'various communication channels which use as many as four

uired

cables covered~by this document are intended to operate with voltages and currents

o be
es of

C utility~mains, they are intended to be used to support the delivery of low voltagg-and

remojte ,powering applications such as |IEEE 802.3af (Power over Ethernet)—and or fyrther

deve

optments for example according to IEEE 802.3at—{(Power—overEthernet-Plus) or

EEE

802.3bt._More information on Ine capacily 10 support these applicaiions according o 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 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications —

Part

1: Generic specification

IEC 61156-1:2007/AMD1:2009
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IEC 62153-4-3, 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) — Coupling or screening 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

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

ISO Ind IEC maintain terminological databases for use in standardiZation at the follgwing
addr¢sses:

e |HC Electropedia: available at http://www.electropedia.org/
e |$0 Online browsing platform: available at http://www.is@.0rg/obp

4 |nstallation considerations

4.1 General remarks

Installation considerations are defined in IEC.61156-1:2007, Clause 4.

4.2 | Bending radius of installed cable

The [pending radius of the installed cable shall not be less than four times the outside
diamgpter of the cable.

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 6.3.3.3.

In the case of application of remote powering, the maximum temperature of the conductor
shall not exceed the maximum operation temperature under static conditions 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 be specified in the relevant detail
specification.
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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. Particular care shall be taken to meet any requirements for EMC
and fire performance (such as burning properties, smoke generation, evolution of halogen gas-
ete:).

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

5.2 Cable construction
5.2.1 Conductor

The | conductor shall be a solid annealed copper conductor, in, -aecordance | with
IEC 61156-1:2007, 5.2.1 and should have a nominal diameter between 0,4-mm and 0,65 mm.
A compductor diameter of up to 0,8 mm may be used.

5.2.2 Insulation
The ¢onductor shall be insulated with a suitable material. Examples of suitable materials are:

— pplyolefin;
— flporopolymer;

— Igw-smoke zero-halogen thermoplastic material.

5.2.3 Cable element

5.2.3]1 General

The ¢able element shall be a twisted pair or quad.

5.2.312 Screening ofithe cable element

When required, the-—'screen for the cable element shall be in accordance |with
IEC 61156-1:200%, 5-2.3.2.

5.2.4 Cable make-up

A spacer'may be used to separate the cable elements. The cable elements, including spacers,
shall|berassembled to form the cable core. T

The core of the cable may be wrapped with a protective layer of non-hygroscopic and non-
wicking material.

5.2.5 Screening of the cable core

When required by the relevant detail specification, a screen for the cable core shall be
provided.

The screen shall be in accordance with IEC 61156-1:2007, 5.2.5.

5.2.6 Sheath

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

— polyolefin;

- PVCG;

— fluoropolymer;

— low-smoke zero-halogen 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 should be specified in the relevant-detail
specffication.

5.2.7 Identification

Each| length of cable shall be identified with the supplier's details, apnd’when required, by
mears of a traceability code, using one of the following methods:

a) appropriately coloured threads or tapes;
b) wlith a printed tape;

c) pfinting on the cable core wrapping;

d) marking on the sheath.

Addifional markings, such as length marking;—eté< are permitted. If used, such markings
should be indicated in the relevant detail specification.

5.2.8 Finished cable

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

6 Characteristics and requirements

6.1 General remarks

Clauge 6 lists the characteristics and minimum requirements of a cable complying with this
document. Test (methods shall be in accordance with [|EC 61156-1:2007 | and
IEC §1156-1:2007%AMD1:2009, Clause 6.

The fests a¢cording to 6.2 shall be carried out on a cable length of not less than 100 m,
unlegs othexwise specified.

AII t £ 4 AH rs sl la TN + al 4 ol l 4l £ 400 L 4l H
CTICotS alluTuImy tu UL o oTiadim T Lalticu Uut UlT a LavulTc 1ecTigyu T Ul TUU T, UTHTS S UTITT wise

specified. If suitable, respective lengths correction formulas according to IEC 61156-1 shall
be used. For Category 7,, unless the test is performed with very sensitive test equipment, it is
recommended to limit the cable length to 50 m for a better accuracy in high frequencies.

In case balunless measurements are made, the procedures should be as per
IEC TR 61156-1-2:2009 and IEC TR 61156-1-2:2009/AMD1:2014 which covers the application
of balunless measurement technology.

6.2 Electrical characteristics and tests
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6.2.1 Conductor resistance

The maximum conductor resistance at or corrected to 20 °C shall not exceed 9,5 Q for 100 m
of cable.

6.2.2 Resistance unbalance

6.2.2.1 Resistance unbalance within a pair

The fesistance unbalance shall not exceed 2,0 %.

6.2.2,.2 Resistance unbalance between pairs

The pair-to-pair resistance unbalance shall not exceed4-% 5,0 %.

6.2.3 Dielectric strength

Therg¢ shall be no failures when a test is performed on a conductor/conductor and, where
scregn(s) are present, on a conductor/screen with 1,0 kV DC¢for 1 min or, alternately,| with
2,5 kV DC for 2 s. An AC voltage may be used. The AC voltage Tevels in these cases shall be
0,7 kv AC for 1 min or, alternately, 1,7 kV AC for 2 s.

6.2.4 Insulation resistance
The {est shall be performed both on

pnductor/conductor;

[®)

— cpnductor/screen (when present).

The minimum insulation resistance at-or corrected to 20 °C shall be not less than-5-000-NQ-m
5000 MQ - km.

6.2.5 Mutual capacitance

The [mutual capacitance\ is not specified but may be indicated in the relevant detail
specfification.

6.2.6 Capaciftance unbalance

The [maximum’ capacitance unbalance pair to ground shall not exceed 1 600 pF/km|at a
frequency of 800 Hz or 1 000 Hz.

6.2.7 Transfer impedance

For cables containing a screen or screens, two grades of performance are recognized for
transfer impedance. The transfer impedance measured according to IEC 62153-4-3 shall not

exceed the values shown in Table 2-atthe-discrete frequencies-indicated for each grade.


https://iecnorm.com/api/?name=052049ed60a323951402d360009d6b51

-12 - IEC 61156-5:2020 RLV © IEC 2020

Table 2 — Transfer impedance

Frequeney Maximum-surfacetransfer- impedance
MHz ma/m
Grade 1 Grade 2
1 10 50
10 10 100
30 30 200
o el bt
Maximum surface transfer impedance
Hrequency range mQ/m
MHz
Grade 1 Grade 2
1to 10 Z,<15 x‘f‘0v175 Z,<5Q xfo,301
10 to 30 Z,£10 x /10 7, < 28392 x f0.6309
30 to 100 Z,<10 % f/10 7, 8271206 x 13368

NOTE| The screen longitudinal DC resistance of 30 mQ/m or less is\‘a@ indicator for fulfilling the trhnsfer
impedpnce requirement of Grade 2. A measurement of DC resistan8e cannot replace a transfer impejdance
measyrement.

6.2.8 Coupling attenuation

Fhre¢ Four types of performance are recognized for coupling attenuation. When measured
usind the absorbing clamp method (IEC 62153-4-5) or the triaxial method (IEC 6215314-9),
the coupling attenuation in the frequency range from /= 30 MHz to 1 000 MHz shall megt the

requirements indicated in Table 3. For screened cables-the-triaxial-method ({1EC62153-4-9)
may-plso-be-used, Type Il is the minimu@m coupling attenuation requirement.
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IEC

6.2.
The

detail specification. Further guidance with respect to current carrying capacity is provide

ISO

6.3

6.3.

The

6.3.

6.3.

The

rang¢ from 4 MHz to the maximum referenced frequency.
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Table 3 — Coupling attenuation in dB

- i . E c i .
MHz d4B
30—100 > 85
Fypet
S oo =85 —20xlogyq (/1100)
R SEE
Fypet
Sl oo =55 —20xlogyq(//100)
R e
Type i
T =40 —20-xlog,q-(//100)
Coupling attenuation type Frequel\;liﬁszl range
30 to 100 100 to 1 000
Type | > 85 2 85 — 20 x la@y¢ (£/100)
Type Ib =70 270 - 20 ®]og,, (1/100)
Type Il > 55 2 55 —\20 x log,, (//100)
Type Il 240 240 20 x log,, (1/100)

9 Current-carrying capacity
maximum current-carrying capacity is not specified but may be indicated in the relg

/IEC TS 29125 and the test method des¢kibed in IEC 61156-1-4.

Transmission characteristics

1 Velocity of propadation (phase velocity)

fequirement is not specified but may be indicated in the relevant detail specification.
2 Phase delay and differential delay (delay skew)

21 Phase delay

bhase’/delay, 7, shall not exceed the value obtained from Equation (1) in the freqy

pvant
ed by

ency

T=534+ﬁ

g

where

T

f

is the phase delay in ns/100 m;

is the frequency expressed in MHz.

(1)
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6.3.2.2 Differential delay (delay skew)

When the delay is measured at (204 20 + 3) °C, the maximum delay skew between any two

pairs—at—a—given—temperature shall be not greater than 45 ns/100 m for Category 5e,
Category 6 and Category 6, cables and 25 ns/100 m for Category 7 and Category 7, cables

in the frequency range from 4 MHz to the maximum referenced frequency.

6.3.3 Attenuation («)

6.3.3.1 Attenuation at 20 °C operating temperature

The n ien e 9 Y g1l not

excedd the value obtained from Equat|on (2)
fAbf e (2)
s

wherg

o is the attenuation expressed in dB/100 m;

a, b,|c are constants indicated in Table 4;

is the frequency expressed in MHz.

Table 4 — Attenuation equationh constants

Cable designation Freque,\?ﬁlzl range Constants
a b c
Category 5e 1to 100 1,967 0,023 0,100
Category 6 1 to 250 1,820 0,016 9 0,250
Category 6, 1 to 500 1,820 0,009 1 0,250
Category 7 1 to.800 1,800 0,010 0,200
Category 7, 1to 1 000 1,800 0,005 0,256 0,240
The cable performance~between 1 MHz and 4 MHz is achieved by design only and it is
therefore not necessary to test for this performance below 4 MHz.

6.3.3.2 Category 5e special consideration

The ¢onstanis-“for Category 5e in Table 4 are based on the use of-pateh cables for work|area
wiring having up to a 20 % higher attenuation than the horizontal cable. When-pateh cables
for Work’ area wiring having an attenuation up to 50 % higher than the horizontal cable are

d&l-\’\’\ natanta chald b 4n4no 0022 92 and O 200 far o W oA A~ ooty
uSe y TOC UUTTOUATIIO STTUUTU VT W TU U, U, U o AU U, UvU TUT O, vV aiiu’ v IUDPUULIVUI]

6.3.3.3 Attenuation at elevated operating temperature

The increase-ir of the maximum attenuation-ebtained from Equation (2) due to an elevated
environmental temperature above 20°C;-shal-be 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 40 °C to 60 °C.

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

In the case of application of remote powering, the actual conductor temperature shall be

considered to calculate the attenuation increase. If an extended environmental temperature
range is specified (see 4.3) the temperature coefficients given in 6.3.3.3 might not be
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applicable. The method provided in IEC 61156-1 shall be used to determine temperature
coefficients in this case.

6.3.4 Unbalance attenuation (7CL)

Twe Four levels of performance are recognized for unbalance attenuation. The minimum near-
end unbalance attenuation (transverse conversion loss or TCL) shall not be less than the

value obtained from Equation (3) (Level 1)—erfrom—Egquation{4){Level2} to Equation (6)

(Level 4), for all frequencies, f, in the frequency ranges indicated in Table 5.

Level 1 ICL=400-10xlogg(f) (dB) (3)
Leve| 2: TCL =50,0-10xlogyq (/) (dB) (4)
Leve| 3: TCL:60,0—10><Iog10(f) (dB) (5)
Leve| 4: TCL=70,0-10xlogo (/) (dB) (6)

NOTE| If the intention is to increase the frequency range of balance measdrements, IEC TR 61156-1-2 prpvides
guidance on the respective (e.g. balunless) measurement techniques.

Table 5 — Near-end unbalance attenuation

Cable category Frequel\;:'(_:l)zl range
Category 5e 1to 100
Category 6 1 to 250
Category.6, 1 to 250
Category 7 1 to 250
Category 7, 1 to 250

For fhose frequengies/ where the calculated value of TCL is greater than 50 dB] the
requirement shall,be“50 dB. TCL requirements for frequencies higher than 250 MHz mgy be
defined in the detail specification.

The minimbm equal-level far-end unbalance attenuation (equal-level transverse conversion
trans| er I0Ss or EL TCTL) for all categones shaII not be less than the value obtained |from

Level 1, Level 2 EL TCTL =35,0—-20xlogyo (/) (dB) (7)
Level 3 EL TCTL = 45,0—20xlogyq (/) (dB) (8)
Level 4 EL TCTL =55,0-20xlogyo (f) (dB) (9)

For those frequencies where the calculated value of EL TCTL is greater than 40 dB, the
requirement shall be 40 dB. EL TCTL requirements for frequencies higher than 30 MHz may
be defined in the detail specification.
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The worst pair power sum near-end crosstalk, PS NEXT, at all frequencies, f, in the frequency
range indicated in Table 6 shall not be less than the value obtained from Equation (10) using

the corresponding value of PS NEXT(1) indicated in Table 6.

PS NEXT(f) = PS NEXT(1) — 15 x log(f) (dB)

Table 6 — Worst-pair PS NEXT(1) values

(10)

DC AN LNT(A

For {
requi

Cable designation

| -
Fregqueney-range

T IVEZXT\

A}
7

MHz dB
Category 5e 1to 100 62,3
Category 6 1 to 250 72,3
Category 6, 1 to 500 72,3
Category 7 1 to 600 99,4
Category 7, 1to 1 000 10274

NOTE The cable performance between 1 MHz and 4 MHz is achieved by design only
and it is therefore not necessary to test for this performance below 4-MHz.

rement shall be 75 dB.

hose frequencies where the calculated value of/ PS"NEXT is greater than 75 dB} the

The minimum pair-to-pair NEXT for any pair combination shall be at least 3 dB better thap the

PS Ni

6.3.6

The
£, in

L XT for any pair.

Far-end crosstalk (EEXT ACR-F)

BS'EL FEXT(f)=PS EL FEXT(1)—20xlog4o (/)

PS ACR-F(f)=PS ACR-F(1)-20xlogyq (f) (dB)

Table 7 — Worst-pair PS-EL-FEXT ACR-F (1) values

vorst-pair power-sum equal-level far-end crosstalk, PS-ELFEXT ACR-F, at all frequencies,
he frequency range indicated\in Table 7 shall not be less than the value obtained|from
Equation (11) using the corresponding value of PS-ELFEXT ACR-F (1) given in Table 7.

(11)

Cable rlncignnfinn

Frequency range

PS-EL-EEXT ACR-F(1)

MHz dB-ter100-m
Category 5e 41 to 100 61,0
Category 6 41 to 250 65,0
Category 6, 4 1 to 500 65,0
Category 7 4 1 to 600 91,0
Category 7, 41to 1000 92,3

calculated.

NOTE—1 |If FEXT loss is greater than 90 dB,—E£LFEXT PS ACR-F loss may not be

NOTE-2 The cable performance between 1 MHz and 4 MHz is achieved by design only
and it is therefore not necessary to test for this performance below 4 MHz.
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For those frequencies where the calculated value of PS-EL-FEXT ACR-F is greater than 75 dB,
the requirement shall be 75 dB.

The minimum pair-to-pair—EL-EEXT ACR-F for any pair combination shall be at least 3 dB
better than the PS-ELFEXT ACR-F for any pair.

6.3.7 Alien (exogenous) near-end crosstalk (ANEXT)

Alien (exogenous) near-end crosstalk, ANEXT, is only a measurement consideration for
Type lll cables according to 6.2.8. For Type |, Type Ib and Type Il screened cables as defined
in Table 3, ANEXT is proven by design.

The PS ANEXT (power sum alien (exogenous) near-end crosstalk) of cable when test¢d in
accofdance with IEC 61156-1:2007, 6.3.7.1 shall be not less than the values obtained |from
Tablg 8.

Table 8 — PS ANEXT

Category Frequency range Minimum PS ANEXT
MHz dB
Category 6, 1 <£<to 500 92,5- 15 x log,,(/)
Category 7, 1 <£<to 1000 107,5 — 15 x log, (/)

NOTE Calculated values greater than 67 dB revert to a‘value of 67 dB.

6.3.8

Alien| (exogenous) far-end crosstalk, AEEXEAHXCR-F, is only a measurement consideratig
unscfeened cables. For Type |, Type Ib and Type Il screened cables as defined in Tak

AFENT AACR-F is proven by design.

The [PS AACR-F (power-sum alien*attenuation to crosstalk ratio far-end) of the cable

Alien (exogenous) far-end crosstalk (4AEEXF AACR-F)

n for
le 3,

when

testef in accordance with IEC 611456-1:2007, 6.3.8, shall not be less than the values obtained

from[Table 9.

Table 9 — PS AACR-F

Category Frequency range Minimum PS AACR-F
MHz dB
Category 6, 1 <#<to 500 78,2 — 20 x log,,(f)
Category 7, 1 <#<to 1000 93,2 - 20 x log,4(f)

NOTE Calculated values greater than 67 dB revert to a value of 67 dB.

6.3.9

The minimum requirement is not specified but should be stated in the

specification.

6.3.10

Impedance

Alien (exogenous) crosstalk of bundled cables

relevant detail
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Zu
@ \
% 100
el
8 zi
Frequency (MHz)
IEC 299/09
Hlewre—Jlmpadanes tomele o
The jimpedance requirement is specified as fitted or\mean characteristic impedance |at a
certalin frequency.
Further background on the measurement of fitted“and mean characteristic impedance can be
found in IECTR 61156-1-2. Recommendations given in IEC TR 61156-1-2 | and
IEC TR 61156-1-5 for improvement of measttement uncertainty should be considered.
The | impedance measured in aceordance with I[EC 61156-1:2007 and IEC 61156-
1:2007/AMD1:2009, 6.3.10.2 or 6:3-10.3, shall be 100 Q +5 Q at 100 MHz. The return| loss
shalllalso be measured.
6.3.11 Return loss (RL)
The minimum return_l0ss of any pair in the frequency range indicated in Table 10 shall npt be

less

han the values.in Table 10 for the respective categories.

Table 10 — Return loss

Cable category Frequel\l/';;)z( range Retu:;ré loss
All 1to 10 20,0 + 5,0 x log,, (f)
All 10 to 20 25,0
Category 5e 20 to 100 25,0 - 7,0-x log,, (/720)
Category 6 20 to 250 25,0 - 7,0-x log,, (/720)
Category 6, 20 to 500 25,0 - 7,0-x log,, (/720) a
Category 7 20 to 600 25,0 - 7,0-x log,, (/720) a
Category 7, 20 to 600 25,0 - 7,0-x log,, (/720) a
600 to 1 000 17,3 - 10-x log,, (//600)
NOTE The cable performance between 1 MHz and 4 MHz is achieved by design only
and it is therefore not necessary to test for this performance below 4 MHz.
@ Calculated values below 17,3 dB revert to a 17,3 dB plateau.
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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.

6.4.2 Elongation at break of the conductors

The minimum elongation 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 relg¢vant
detail specification.

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 fgdhesion of the insulation to the conductor is not spetified, but may be indicated ih the
relevant detail specification.

6.4.6 Elongation at break of the sheath

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

6.4.7 Tensile strength of the sheath

The finimum tensile strength of the sheath shall be not less than 9 MPa.

6.4.8 Crush test of the cable

The minimum force shall be 4000 N.

6.4.9 Impact test. of)the cable

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

6.4.10 ., Bending under tension

Th haoamAinma ~apfaraaiman ~Ff tha ~obhla 1o At o anifinA ot ol oll bha i Ainat A i A el t
e DCTTOTT Ty P o anocC— o e oaoute— 1o ot SpT oMU oot orrart ot arcatcU— T oo 1ot van

detail specification.

6.4.11 Repeated bending of the cable

Not applicable.

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
specification.

6.4.13 Shock-test requirements of the cable

Not applicable.
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6.4.1

4 Bump-test requirements of the cable

Not applicable.

6.4.1

5 Vibration-test requirements of the cable

Not applicable.

6.5
6.5.1

Environmental characteristics

Shrinkage of insulation

Whe||1 tested at (100 £ 2) °C for 1 h, the shrinkage of the insulation shall not exceed 5%

lengt
from

6.5.2

Not 4

6.5.3

The
diam

h of the sample shall be 150 mm, and the shrink-back shall be measured as_the
both ends.

Wrapping test of insulation after thermal ageing

pplicable.

Bending test of insulation at low temperature

pending test of the insulated conductor shall be carried.o4t at (=20 + 2) °C. The ma
bter shall be 6 mm. There shall be no cracks in the insulation.

6.5.4) Elongation at break of the sheath after ageing

The
breal
less

6.5.5

The
ageir

6.5.6)

Not 4

6.5.7

The
times

hgeing regime shall be seven days at (100~+"2) °C. The-tensile—strength elongati

than—100-%.

Tensile strength of the sheathafter ageing

hgeing regime shall be seven<days at (100 + 2) °C. The-elengatioen tensile strength
g shall be not less than 70-% of the unaged value.

Sheath pressure-test at high temperature

pplicable.

Cold bend test of the cable

bending.tést shall be carried out at (=20 + 2) °C. The mandrel diameter shall be
the overall diameter of the cable. There shall be no cracks in the sheath.

The
sum

hdrel

bn at

after ageing shall not be less than 50 % of the unaged value-and-shalin-nro-cage-be
0,

after

eight

6.5.8

Heat shock test

Not applicable.

6.5.9

Damp heat steady state

Not applicable.

6.5.1

0 Solar radiation (UV test)

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

speci

fication.
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1 Solvents and contaminating fluids

The resistance to solvents and contaminating fluids is not specified but may be specified in
the relevant detail specification.

6.5.1

2 Salt mist and sulphur dioxide

Not applicable.

6.5.1

3 Water immersion

Not gppiicabte:

6.5.1

4 Hygroscopicity

The amount of moisture gained after 3 h shall not exceed 1 % in weight.

6.5.1

5 Wicking

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

6.5.1

6 Flame propagation characteristics of a single cable

If required by local regulations and indicated in the relevant.detail specification, the test
be pgrformed in accordance with IEC 61156-1.

6.5.1

7 Flame propagation characteristics of hunched cables

If required by local regulations and indicated jn the relevant detail specification, the test
be pgrformed in accordance with IEC 611561

6.5.1

8 Halogen gas evolution

If required by local regulations and.indicated in the relevant detail specification, the test
be pgrformed in accordance withi{1EC 61156-1.

6.5.1

9 Smoke generation

If required by local regulations and indicated in the relevant detail specification, the test
be pgrformed in accardance with IEC 61156-1.

6.5.2

0 Toxic\gas emission

If required by local regulations and indicated in the relevant detail specification, the test
be pefrformed in accordance with I[EC 61156-1.

6.5.21 Integrated fire test

shall

shall

shall

shall

shall

If required by local regulations and indicated in the relevant detail specification, the test shall
be performed in accordance with IEC 61156-1.

7 Category 5e multipair cable

7.1

General

Multipair cables are cables which contain multipair units. Each unit shall contain a minimum of
4 pairs and a maximum of 25 pairs for use in the backbone cabling system. The conductors
and the cable structure are defined in Clause 5. The units are assembled into binder groups
of 25 pairs or part thereof following the standard colour code. The groups are identified by
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distinctly coloured binders and assembled to form the core. The core shall be covered by a
protective sheath. The sheath consists of an overall thermoplastic jacket and may contain an
underlying metallic shield and one or more layers of dielectric material applied over the core.

7.2

Transmission

The pairs are evaluated in groups of 4 pairs each (i.e. group 1 = pairs 1 to 4, group 2 = pairs
5 to 8, group 3 = pairs 9 to 12, group 4 = pairs 13 to 16, group 5 = pairs 17 to 20, group
6 = pairs 21 to 24, etc.). Groups are comprised of consecutive pairs, marked according to the
standard colour code. For 25-pair and multiples of 25-pair binder groups, the twenty-fifth pair

sha

The [cable performance between 1 MHz and 4 MHz is achieved by design only .and
therefore not necessary to test for this performance below 4 MHz.

All pairs within a unit shall meet the requirements of 6.2, 6.3.2, 6.3.3, 6.3.4, 63,10 and 6

Il satisfy all other transmission parameters when used within any 4-pair group.

it is

3.11.

In aqdition, for all frequencies from 1 MHz to 100 MHz, NEXT loss between”the twenty-fifth

pair and all other pairs within the 25-pair binder group shall meet the values determined

the ejquation and values defined in 6.3.5.

The pair-to-pair resistance unbalance of the twenty-fifth pair shall-be compatible with a
the gfroups.

The gelay skew (differential delay) of the twenty-fifth pair‘shall be compatible with any d
groups.

8 Introduction to the blank detail specification

The

IEC414156-5-1 given in Annex A and should be used to identify a specific product.

When completing the detail specification, the following information shall be supplied:

a)
b)
c)
d)
e)
f)
9)
h)

blank detail specification for cables'\ described in this document is—publishe|

cpnductor size and type;

number of elements;

cpble construction details;

cptegory number-(5e, 6, 6a, 7, 7a) to describe basic performance requirements;
npminal impedance of the cable;

mechanicalrequirements;

ehvironmental requirements;

fire‘performance.

ising

ny of

f the
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U/UTP:

u/uTQ:
Cable sheath Cable sheath
Pair Quad

Pair/side circuit
Conductor

Conductor

F/UTP: A
Cable sheath Q}/

Foi
F’ca)lilrscreen Q
S
Conductor .
)

Cable sheath
Foil quad screen

e / Quad

Pair/side circuit

U/FTP:
Cable sheath

Foil pair screen

Pair Conductor

Conductor

SF/UTP: ,\'\Q

Cable sheath
Braid screen
4

Foil screen

Pair %O

O\t\d‘

SIFTQ:

SIFTP: Cable sheath

Braid screen
Foil quad screen

Quad
Pair/side circuit

Cable sheath
Braid screen

Foil pair screen
Pair

Conductor

U IUILILI.UI

IEC 300/09
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Annex A
(informative)

Blank detail specification

The blank detail specification determines the layout and style for detail specifications
describing symmetrical pair/quad cables for digital communications. Detail specifications,
based on the blank detail specification, may be prepared by a national organization, a
manufacturer, or a user.

This plank detall specification includes additional recommended environmental character

and

cablipg for various environments.

NOTE| Environmental classifications are presented in ISO/IEC 11801-1:2017 with three lev IQ) severity |

f$everities, which are derived from the environmental classifications that are speQ/

Q

stics
d for

n four

areas] mechanical, ingress, climatic, and electromagnetic; thus, in tabular form, they are refefred to as the [MICE

table”

Itis

for the referenced category number, i.e. 5e, 6, 65, 7 or 75. The dét;
writtgn in accordance with the layout of the blank detail specification described here.

The

itemg of required information, which shall be entered in&?@paces provided.

(1]
(2]

[3] Address of the organization from which th%d cument is available.

[4]

[6]

[7]
(8]
9]

[10]

[5] Any other reference to the cable, @@ﬁal reference, trade name, etc.

s/
necessary to keep the transmission characteristics indicated in tl@ctional specific
ail specification sh{

humbers shown in square brackets in the following p@\g%s correspond to the follg

Name and address of the organization that has Q?Qared the document.

IEC document number, issue number and da@)f issue.
Related documents. N\

A complete description of the ca@le which shall include

QD

type and number of elemehts;
nominal impedance; C)\\

screening; .
S

K application;

category; A
other d@uishing performance characteristics.

XAMP% -pair, unshielded twisted pair cable for use in horizontal floor wiring, having a nominal impe]
100(Q) and meeting the transmission requirements of Category 6 and the coupling attenuation require]
1.

S DO O O T

o O m

ation
Il be

wing

dance
ments

etalls of the cable material and construction.
Special requirements for bending radius or operating temperatures.

List of cable characteristics. They are separated into electrical, transmission, mechanical

and environmental characteristics.
Appropriate subclause references in the sectional specification IEC 61156-5.

[11]Requirements applicable to this cable. The values entered shall meet as a minimum the

requirements of the sectional specification IEC 61156-5.
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[1] Prepared by: [2] Document:
Issue:
Date:
[3] Available from: [4] Generic specification: IEC 61156-1

Sectional specification: IEC 61156-5
Blank detail specification: IEC 61156-5, Annex A

[5] Additional references:

[6] Cable description:

a) Type and number of elements:

b) N¢minal impedance:
c) S¢reening:

d) Application:

e) Category:

f) Other distinguishing performance characteristics:

[7] Gable construction:

IEC 61156-5
subclause

Comments

5.2.1

Conductor description:

5.2.2

Insulation description:
Maximum diameter:

Colour code of eleprents’

5.2.3

Number of eleménqts
(pair(s)/quad(s):

5.2.3.2

Screening.Qfythe cable element:
Tape niaberial

Drain*wire

Braid wire

Braid material

5.2.4

Cross web, spacer or protective
wrapping(s):

5.2.5

Screen of the cable core:
Tape material

Minimum overlap

Drain wire

Braid wire

Braid material

5.2.6

Sheath

Material

Nominal thickness
Colour

Maximum overall
Diameter

Marking

Ripcord

5.2.7

Identification

5.2.8

Packaging of finished cable

(8]

Minimum bending radius for static bending:

Minimum bending radius for dynamic bending:



https://iecnorm.com/api/?name=052049ed60a323951402d360009d6b51

- 28 — IEC 61156-5:2020 RLV © IEC 2020

Temperature range for installation:

Operating temperature range under static conditions:

C1: -10°C to +60°C

C2: -25 °C to +70°C

C3: -40 °C to +70°C

[9] [10] [11] Comments

Characteristics IEC 61156-5

subclause

Electrical 682

charhcteristics

Conquctor resistance 6.2.1 < .... Q/km

Resigtance unbalance 6.2.2

Resiptance unbalance 6.2.2.1 <. %

withip a pair

Resigtance unbalance 6.2.2.2 <...%

betwgen pairs

Dielgctric strength

Conductor/conductor 6.2.3 | ... kV/time

Conductor/screen 6.2.3 | ... kV/time

Insullation resistance

Conductor/conductor 6.2.4 2 ... MQ - km

Conductor/screen 6.2.4 2 ... MQ - km

Mutual capacitance 6.2.5 < ... pF/m

Cap4citance unbalance 6.2.6 < ... pR{m

pair fo ground

Trangfer impedance 6.2.7 Cable should be
according to Grade 1|or 2
if screened.

Coupling attenuation 6.2.8 Y | e dB Cable type should befl,
Ib, Il or IlI.

Cable type......

Currént carrying capacity 6.2.9° | ... mA Respective installatign
conditions shall be
specified.

Tranjsmission 6.3

charpcteristics

Velotity of propagation 6.3.1

Dela 6.3.2.1 < ...ns/m

Diffefentiat-phase delay 6.3.2.2 < ...ns/m

(skey)

Attenuation 6.3.3

General figures 6.3.3.1 < ...dB/100 m

Environmental 6.3.3.3 < ... %/°C

temperature effects

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

near end (7CL) identified.

Unbalance attenuation far | 6.3.4 >..dB

end (EL TCTL)

Near end crosstalk 6.3.5 > ...dB

Attenuation to crosstalk 6.3.6 > ...dB

ratio far end



https://iecnorm.com/api/?name=052049ed60a323951402d360009d6b51

IEC 61156-5:2020 RLV © IEC 2020 - 29 -

Power sum alien 6.3.7 > ..dB
(exogenous) near-end
crosstalk
Power sum alien 6.3.8 > ...dB
(exogenous)
Attenuation to crosstalk
ratio far end
Impedance 6.3.10
Return loss 6.3.11 > ...dB
Mechanical and 6.4
dimgnsienat
cha;Lcteristics
Dimgnsional requirements | 6.4.1
Insullation diameter ... mm
Shedth thickness
Cablpe diameter
Elonpation at break of the | 6.4.2 2 ... %
conductors
Tendile strength of the 6.4.3 > ... MPa
insulption
Elongation at break of the | 6.4.4 2 ... %
insulption
Adhgsion of the insulation | 6.4.5
to thg conductor
Elongation at break of the | 6.4.6 2 ... %
sheath
Tendile strength of the 6.4.7 > ... MR&a
sheath
Crush test of the cable 6.4.8 M3 =245 N over 25 mm (linear) min.
M2: 21 100 N over 150 mm (linear)
min.
M3: 22 200 N over 150 mm (linear)
min.
Imp4ct test of the cable 6.4.9 M1:21J
M2: 210 J
M3: 230 J
Bending under tension 6.4.10
Repgated bengding 6.4.11
Tendile perfermance of 6.4.12
the dable
Shodk test 6.4.13 Not applicable
Bump test 6.4.14 Not applicable
Vibration test 6.4.15 Not applicable
Environmental 6.5
characteristics
Shrinkage of the 6.5.1 <. %
insulation
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 2. %
sheath after ageing
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Tensile strength of the 6.5.5 2 ... MPa

sheath after ageing

Sheath pressure test at 6.5.6 Not applicable

high temperature

Cold bend test of cable 6.5.7

Heat 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

Solvénis and 6.5.11

cont@minating fluids

Salt mist and sulphur 6.5.12 Not applicable

dioxide tests

Watgr immersion test 6.5.13 Not applicable

Hygrpscopicity 6.5.14

Wicking 6.5.15

Flame propagation 6.5.16

charfcteristics of a single

cabld

Flame propagation 6.5.17

charfcteristics of bunched

cablgs

Halopen gas evolution 6.5.18

Smoke generation 6.5.19 The requirement and|the
test method shall be
specified in the detailed
specification.

Toxi¢ gas emission 6.5.20

Intedrated fire test 6.5.21

Wheh a characteristic applies but a specific)value is not considered necessary, then NS for Not Specified should
be eptered at the appropriate place. Whefif NS is used, the appropriate requirements in the specification should
apply.

NOTE 1 When a characteristics marked as not applicable, it is not required by Clauses 4 to 7 of] this
document but can be require@\in‘the detail specification.

NOTE 2 Ingress requirements using particles are not applicable to a cable.
NOTE 3 Electromaghétic requirements given in the MICE table of ISO/IEC 11801-1:2017 have been dealt]with
by uging the reqdirements that are given for transfer impedance, screening attenuation and coupling attenugtion.

ESD|requireménts*are considered not applicable.

NOTE 4, (The proposed severities are taken from the MICE table of ISO/IEC 11801-1:2017. Depending of the
actual figed of end users, other severities can be agreed between customer and suppliers.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 6: Symmetrical pair/quad cables with transmission

——characteristics up-to-1 000 MHz — Work areawiring—————

Sectional 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 prpmote
international co-operation on all questions concerning standardization in the electrical’and electronic fielfls. To
this end and in addition to other activities, IEC publishes International Standardsy~Technical Specifications,
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any [EC*National Committee intefested
in [the subject dealt with may participate in this preparatory work. International, governmental and non-
goernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely
with the International Organization for Standardization (ISO) in accofdance with conditions determined by
agfeement between the two organizations.

2) Thie formal decisions or agreements of IEC on technical matters@xpress, as nearly as possible, an international
cohsensus of opinion on the relevant subjects since each {dechnical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations forlinternational use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts’are made to ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fqr any
miginterpretation by any end user.

4) In|order to promote international uniformity, JEC National Committees undertake to apply IEC Publications
trgnsparently 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 indicgted in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some-areas, access to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have the latest edition of this publication.

7) N( liability shall attach”toNEC or its directors, employees, servants or agents including individual experfs and
megmbers of its techmical’committees and IEC National Committees for any personal injury, property damage or
other damage of @ny~nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising:out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pdblications,

8) At{ention_is\drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of

pa antriahte IEC chall nat hg hald racnaoncibhlg for idantifiiing anv ar all ciich natant riahtc
akeRtHgAES—= Her—Re+—se-rera—+ pPeR&ere+otae Rt R gay—eFaSHeR—pateRtHGHRtS-

International Standard IEC 61156-6 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.

This fourth edition cancels and replaces the third edition published in 2010 and
Amendment 1:2012. This edition constitutes a technical revision.

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

a) additional balance levels with respect to MICE implementation by certain cabling
specifications;
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b) reference to current standards and technical reports with respect to measurement
techniques and remote powering.

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

FDIS Report on voting
46C/1141/FDIS 46C/1145/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This

This
IEC ¢

A lis
symn

The
stabi
the s
o g
e W
o TIg

o a

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

International Standard is to be used in conjunction with IEC 61156<3:2007
1156-1:2007/AMD1:2009.

of all parts in the IEC 61156 series, published under the generaf title Multicorg

netrical pair/quad cables for digital communications, can be found'on the IEC websit¢.

and

and

ommittee has decided that the contents of this document will remain unchanged untjl the

ity date indicated on the IEC website under "http://webstoreliec.ch" in the data relat
pecific document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

ed to
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 6: Symmetrical pair/quad cables with transmission
characteristics up to 1 000 MHz — Work area wiring —
Sectional specification

1

cope

This [part of IEC 61156 describes the cables intended primarily for working area“wiring as

defin

It co
pairs
cable

Thes
pairs
by sy

The

din ISO/IEC 11801 (all parts).

ers cable designs comprising individually screened, common screenéd and unscre

s are specified at 20 °C.

Table 1 — Cable categories

Maximum referenced
Cable designation frequency

MHz
Category 5e 100
Category 6 250
Category 6, 500
Category 7 600
Category-7, 1000

simultaneously. In this sense, this document provides the cable characteristics req
stem developers to-gvaluate new systems.

normfally encountered in communication systems. While these cables are not intended

used
publi
pows
for e

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

ring.applications such as IEEE 802.3af (Power over Ethernet) or further develop
kample according to IEEE 802.3at or IEEE 802.3bt. More information on the capac

lened

or quads. The transmission characteristics and the frequency rangé (see Table 1) of the

e cables can be used (for'various communication channels which use as many as four

uired

cables covered~by this document are intended to operate with voltages and currents

o be
es of

C utility-mains, they are intended to be used to support the delivery of low voltage remote

ents
ty to

SuUppOTfT 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 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications —

Part

1: Generic specification

IEC 61156-1:2007/AMD1:2009
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IEC 62153-4-3, 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) — Coupling or screening 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

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at|the follgwing
addregsses:

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

e |30 Online browsing platform: available at http://www.iso.org/obp
4 Ipstallation considerations

4.1 General remarks

Installation considerations are defined in IEC 61156-422007, Clause 4.

4.2 | Bending radius of installed cable

The [pending radius of the installed cable’shall not be less than four times the outside
diamgpter of the cable.

4.3 Climatic conditions

Unddgr 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
envirpnment) is described in 6.3.3.2.

In the case oflapplication of remote powering, the maximum temperature of the conductor
shall[ not exceed the maximum operation temperature under static conditions in order to
maintain ~tRe integrity of the dielectric material performance which is aligned tg the
envirpnmental temperature range.

Extended temperature ranges are permitted and may be specified in the relevant detail
specification.

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. Particular care shall be taken to meet any special requirements
for EMC and fire performance (such as burning properties, smoke generation, evolution of
halogen gas).
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The cable construction shall be in accordance with the details and dimensions given in the
relevant detail specification.

5.2 Cable construction
5.2.1 Conductor

The conductor shall be a solid or stranded annealed copper, in accordance with
IEC 61156-1:2007, 5.2.1 and should have a nominal diameter between 0,4 mm and 0,65 mm.
A conductor diameter of up to 0,8 mm may be used.

5.2.2 Insulation
The ¢onductor shall be insulated with a suitable material. Examples of suitable materials pre:

— pplyolefin;
— flporopolymer;
— Igw-smoke zero-halogen thermoplastic material.

5.2.3 Cable element
5.2.311 General

The ¢able element shall be a pair or quad and shall be twisted.

5.2.3/.2 Screening of the cable element

When required, the screen for the cable «element shall be in accordance | with
IEC 61156-1:2007, 5.2.3.2.

5.2.4 Cable make-up

A spacer may be used to separate the-cable elements. The cable elements, including spacers,
shall|be assembled to form the cable’core.

The tore of the cable may devwrapped with a protective layer of non-hygroscopic and|non-
wicking material.

5.2.5 Screening,of-the cable core

When required- by "the relevant detail specification, a screen for the cable core shall be
provided.

The s$creen’ shall be in accordance with IEC 61156-1:2007, 5.2.5.

5.2.6 Sheath

The sheath material shall consist of a suitable material.

Examples of suitable materials are

— polyolefin;

- PVC;

— fluoropolymer;

— low-smoke zero-halogen thermoplastic material.
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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.

5.2.7 Identification

Each length of cable shall be identified with the supplier's details and, when required, by
means of a traceability code, using one of the following methods:

bpropriately coloured threads or tapes,

a

wlith a printed tape,

— pfinting on the cable core wrapping,
m

arking on the sheath.

Addifional markings, such as length marking are permitted If used, sdch’markings shou|d be
indicated in the relevant detail specification.

5.2.8 Finished cable

The finished cable shall be adequately protected for storage~and shipment.

6 Characteristics and requirements

6.1 General remarks

Clause 6 lists the characteristics and minimum requirements of a cable complying with this
document. Test methods shall .be* in accordance with [EC 61156-1:2007 | and
IEC 61156-1:2007/AMD1:2009, Clause,6.

The fests according to 6.2 shall-be carried out on a cable length of not less than 100 m,
unlegs otherwise specified.

All tmi tests according.to 6.3 should be carried out on a cable length of 100 m, upless
othenwise specified.\_If suitable, respective lengths correction formulas according to
IEC §1156-1 shall be/used. For Category 7,, unless the test is performed with very sengitive
test equipment,.itiis recommended to limit the cable length to 50 m for a better accuragcy in
high frequencies.

In dase'_balunless measurements are made, the procedures should be as| per
IEC TR%1156-1-2:2009 and IEC TR 61156-1-2:2009/AMD1:2014 which covers the application
of balunless measurement technology.

6.2 Electrical characteristics and tests
6.2.1 Conductor resistance

The maximum conductor resistance at, or corrected to, 20 °C shall not exceed 14,5 /100 m
of cable.

6.2.2 Resistance unbalance
6.2.2.1 Resistance unbalance within a pair

The resistance unbalance shall not exceed 2,0 %.
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6.2.2

.2 Resistance unbalance between pairs

The pair-to-pair resistance unbalance shall not exceed 5,0 %.

6.2.3

Dielectric strength

There shall be no failures when a test is performed on a conductor/conductor and, where
screen(s) 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

The {

[®)

Insulafion resistance
est shall be performed on

pnductor/conductor;

— cpnductor/screen (when present).

The
5 00¢

6.2.5

The
spec

6.2.6

The
frequ

6.2.7

For ¢

minimum insulation resistance at or corrected to 20 °C shalD be not less

than

MQ - km.
Mutual capacitance
mutual capacitance is not specified but may beZXindicated in the relevant detail
fication.
Capacitance unbalance
maximum capacitance unbalance pair {0 ‘ground shall not exceed 1 600 pF/km

ency of 800 Hz or 1 000 Hz.

Transfer impedance

ables containing a screen or.screens, two grades of performance are recognize

at a

d for

transfer impedance. The transfer impedance measured using the triaxial method

(IEC

62153-4-3) shall not exeeed the values shown in Table 2 indicated for each grade.

Table 2 — Transfer impedance

Maximum surface transfer impedance
Frequel\;lilc_:é range ma/m
Grade 1 Grade 2
1to10 Z,<15 x (0,176 Z,< 50 x 0,301
10 to 30 Z <10 x 710 Z, < 23,392 x 0.6309
30 to 100 Z,<10 % f/10 Zt52,1206><f1'3368

NOTE The screen longitudinal DC resistance of 30 mQ/m or less is an indicator for fulfilling the transfer
impedance requirement of Grade 2. A measurement of DC resistance cannot replace a transfer impedance
measurement.

6.2.8

Coupling attenuation

Four types of performance are recognized for coupling attenuation. When measured using the
absorbing clamp method (IEC 62153-4-5) or the triaxial method (IEC 62153-4-9), the coupling
attenuation in the frequency range from /= 30 MHz to 1 000 MHz shall meet the requirements
indicated in Table 3. For screened cables, Type Il is the minimum coupling attenuation
requirement.
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Table 3 — Coupling attenuation in dB

Coupling attenuation type Frequel\ll';'(_:l)z( range

30 to 100 100 to 1 000
Type | > 85 2 85 - 20 x log,, (f/100)
Type Ib 270 270 - 20 x log,, (/100)
Type Il 255 2 55 - 20 x log,, (1/100)
Type Il 240 240 - 20 x log,, (£/100)

6.2.9 Current-carrying capacity
The maximum current-carrying capacity is not specified but may be indicated (in;the rel¢vant

detail specification. Further guidance with respect to current carrying capacity-is provided by
ISO/IEC TS 29125 and the test method described in IEC 61156-1-4.

6.3 | Transmission characteristics
6.3.1 Velocity of propagation (phase velocity)

The fequirement is not specified but may be indicated in the relevant detail specification.

6.3.2 Phase delay and differential delay (delay skéw)
6.3.2,1 Phase delay
The phase delay, 7, shall not exceed the value obtained from Equation (1) in the freqency

range from 4 MHz to the maximum referenced frequency,

r=5344 50 (1)

V7

wherg

7 id the phase delay/in\ns/100 m;

A
6.3.2.2 Differential delay (delay skew)

4 the frequency‘in MHz.

When measured at (20 + 3) °C, the maximum delay skew between any two pairs shall not

excepd(45"ns/100 m for Category 5e, Category 6, Category 6, cables and 25 ns/100 m for
Cateywiamgn%amm&wy_wwwﬁwm

referenced frequency.

6.3.3 Attenuation
6.3.3.1 Attenuation at 20 °C ambient temperature
The maximum attenuation « of any pair in the frequency range indicated in Table 4 shall not

exceed the value obtained from Equation (2) using the corresponding values of the constants
a, b and c given in Table 4.

C

a=ax4f +bx f+ (2)
g 77
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where

o is the attenuation expressed in dB/100 m;
f is the frequency in MHz.

Table 4 — Attenuation, constant values

Cable designation Frequel\;lilc_:é range Constants
a b c
Category 5e 110 100 2,866 @ 0,033 3 0,300
Category 6 1 to 250 2,730 0,026 0,375
Category 6, 1 to 500 2,730 0,0136 5 0,375
Category 7 1 to 600 2,700 0,015 0,300
Category 7, 1to 1 000 2,700 0,007 5 0,360

The cable performance between 1 MHz and 4 MHz is achieved by design only and it
is therefore not necessary to test for this performance below 4 MHz.

8 To wunderstand the historical background: 2,866 was harrived at by
1,5 x 1,91 = 2,866 as an approximate 150 % factor to accommodate smaller
conductor stranding and also ILD since 2,866/1,5 = 1(910 6 fitted the old
ISO/IEC 11801 model; the actual 150 % attenuation shodld be a factor of 2,951.

6.3.3,.2 Attenuation at elevated operating temperature

The increase of the maximum attenuation from Equation (2) due to an elevated environmiental
tempgrature above 20°C is obtained by calculation as follows:

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

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

In the case of application of remote powering, the actual conductor temperature shdll be
cons|dered to calculate the attenuation increase. If an extended environmental temperpture
range is specified (see 4.3) the temperature coefficients given in 6.3.3.2 might nqt be
applicable. The methodwprovided in IEC 61156-1 shall be used to determine temperpture
coeffjcients in this case.

6.3.4 Unbalance-attenuation (7CL)

Fourllevels af performance are recognized for unbalance attenuation. The minimum neaf-end
unb}ance attenuation (transverse conversion loss or TCL) shall not be less than the yalue

obtaiped.\from Equation (3) (Level 1) to Equation (6) (Level 4), for all frequencies, f, in the
frequency ranges indicated in Table 5.

Level 1: TCL =40,0-10xlogyo (/) (dB) (3)
Level 2: TCL =50,0-10xlogyo (/) (dB) (4)
Level 3: TCL =60,0-10xlogq (/) (dB) (5)

Level 4: TCL=70,0-10xlogyq (/) (dB) (6)
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If the intention is to increase the frequency range of balance measurements, IEC TR 61156-1-2 provides

ce on the respective (e.g. balunless) measurement techniques.

Table 5 — Near-end unbalance attenuation

Cable category Frequel\;:ﬁ)z/ range
Category 5e 1to 100
Category 6 1 to 250
Category 6, 1 to 250
f‘afngnry Z 1 to.250
Category 7, 1 to 250

For those frequencies where the calculated value of TCL is greater than-50 dB
requirement shall be 50 dB. TCL requirements for frequencies higher than 250"MHz ma
defingd in the detail specification.

The minimum equal-level far-end unbalance attenuation (equal-level'fransverse conve

Equ

Leve

Leve

Leve

For {
requi

tranjer loss or EL TCTL) for all categories shall not be less than\the value obtained

tion (7) to Equation (9) for all frequencies, f, in the range from-1 MHz to 30 MHz.

1, Level 2 EL TCTL = 35,0—-20xlogyq (/) (dB)
3 EL TCTL = 45,0-20x0g10 (/) (dB)
4 EL TCTL =55,0~20xlogq (/) (dB)
hose frequencies where the calculated value of EL TCTL is greater than 40 dB

rement shall be 40 dB. EL TGFL requirements for frequencies higher than 30 MHz

be de¢fined in the detail specification.

6.3.5
The

Near-end crosstalk (VEXT)

vorst pair power .sum near end crosstalk, PS NEXT, in the frequency range indicat

the
y be

rsion
from

(7)

(8)

9)

| the
may

ed in

Tabl¢ 6 shall not be.less than the value obtained from Equation (10) using the corresponding

value

of PS NEXT() given in Table 6.

PS NEXT(f) = PS NEXT(1)-15xlog;o(f) (dB)

(10)

Table 6 — Worst pair PS NEXT(1) values

Cable designation Frequel\;:ﬁ)z/ range PS NdEé(T“)

Category 5e 1to 100 62,3

Category 6 1 to 250 72,3

Category 6, 1 to 500 72,3

Category 7 1 to 600 99,4

Category 7, 1to 1 000 102,4
The cable performance between 1 MHz and 4 MHz is achieved by design only and it
is therefore not necessary to test for this performance below 4 MHz.
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For those frequencies where the calculated value of PS NEXT is greater than 75 dB, the
requirement shall be 75 dB.

The minimum pair-to-pair NEXT for any pair combination shall be at least 3 dB better than the
PS NEXT for any pair.

6.3.6

Attenuation to crosstalk ratio far end (PS ACR-F)

The worst pair power sum attenuation to crosstalk ratio far end, PS ACR-F, in the frequency
range indicated in Table 7 shall not be less than the value obtained from Equation (11) using

the corresponding value of the PS ACR-F(1) given in Table 7.

PS ACR—F(f)=PS ACR—F(1)—20xlogo(/) (dB)

Table 7 — Worst pair PS ACR-F(1)

Cable designation Frequel\;:'(_:l)z/ range PSAES'F“)
Category 5e 11to 100 61,0
Category 6 1 to 250 65,0
Category 6, 1 to 500 65, 0
Category 7 1 to 600 91,0
Category 7, 1 to 1 000 91,0

If FEXT loss is greater than 70 dB, PS ACR-F loss\may not be measured.

The cable performance between 1 MHz and 4"MHz is achieved by design only and it is
therefore not necessary to test for this perfofmance below 4 MHz.

(11)

For fhose frequencies where the calculated value of PS ACR-F is greater than 75 dB) the
requirement shall be 75 dB.

The minimum pair-to-pair ACR+F for any pair combination shall be at least 3 dB better tha

PS ACR-F for any pair.

6.3.7

Alien| (exogenous)* near-end crosstalk, ANEXT, is only a measurement consideratio

Alien (exogenous) near end crosstalk

h the

n for

Type|lll cablesyaccording to 6.2.8. For Type |, Type Ib and Type Il screened cables as deffined
in Taple 3,:ANEXT is proven by design.

The PSANEXT (power sum alien (exogenous) near-end crosstalk) of cable when test

ed in

accordance with IEC 61156-1:2007, 6.3.7.1 shall be not less than the values obtained from

Table 8.

Table 8 — PS ANEXT

Category

Frequency range

Minimum PS ANEXT

MHz dB
Category 6, 1 to 500 92,5 - 15 x log,, ()
Category 7, 1to 1 000 107,5 — 15 x log,,(/)

NOTE Calculated values greater than 67 dB revert to a value of 67 dB.
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