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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 6: Symmetrical pair/quad cables with transmission
Sectional specification

FOREWORD

————characteristics-up-to1-000-MHz—Work-area-wiring——

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 Standards,~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

Inforder 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 othd
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.


https://iecnorm.com/api/?name=8c00977049bd8efe68f3779799907f31

-6 - IEC 61156-6:2020 RLV © IEC 2020

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) agditional—bals oVE Mith—respes } i s in—cabling
specifications;

b) rgference to current standards and technical reports with respect to measurement
tgchniques and remote powering.

The fext 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 foupd in
the r¢port on voting indicated in the above table.

This document has been drafted in accordance with tHe)ISO/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 unfil 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,

—

gplaced by-arevised edition, or

e amended.

IMP ORFANT—THe—cot rside—t i thri bticati rdichates

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

ThisH
inten

This
It co

pairs
cablg

Thes|
pairs
by sy

The

part of IEC 61156 describes the cables intended primarily for working area wirin
defined in ISO/IEC 11801 (all parts).

or quads. The transmission characteristics and the frequency range (see Table 1) ¢
s are specified at 20 °C.

Table 1 — Cable catedgories

Maximum referenced
Cable designation frequency

MHz
Category 5e 100
Category.6 250
Category 6, 500
Category 7 600
Category 7, 1 000

e cables can be‘used for various communication channels which use as many as

stem developers to evaluate new systems.

cableS:covered by this document are intended to operate with voltages and cur

norm
used

g as

ers cable designs comprising individually screened, commonscreened and unscreened

f the

four

simultaneously=’In this sense, this document provides the cable characteristics required

rents
o be

Ially encountered in communication systems. While these cables are not intended
in¢onjunction with low impedance sources, for example the electric power suppli

es of

public utility mains, they are intended to be used to support the delivery of low voltage-and
remote powering applications such as |IEEE 802.3af (Power over Ethernet)—and or further
developments for example according to IEEE 802.3at—{(Power—overEthernet-Plus) or IEEE
802.3bt. More information on the capacity to support these applications according to the
installation practices are given in IEC 61156-1-4, IEC TR 61156-1-6 and ISO/IEC TS 29125.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.
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IEC 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications —
Part 1: Generic specification
IEC 61156-1:2007/AMD1:2009

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 if standardization at the follqwing
addr¢sses:

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

e |$0 Online browsing platform: available at hitps//www.iso.org/obp
4 Ipstallation considerations \
See flause 4 of IEC 61156-1

4.1 General remarks

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

4.2 | Bending radius _of installed cable

The jpending radius of the installed cable shall not be less than four times the outside
diampter of thé«cable.

4.3 Climatic conditions

Stot: PHH 4+l Ll baoll 4 H +l 4 4 £ wa 20
T

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 in order to
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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.

5 Materials and cable construction

5.1 General remarks

The € tended apphication
and installation of the cable. Particular care shall be taken to meet any special require
for MC and fire performance (such as burning properties, smoke generation, eyolGti
halogen gas;ete:).

The gable construction shall be in accordance with the details and dimensions given ip 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 $1156-1:2007, 5.2.1 and should have a nominal diameter between 0,4 mm and 0,65 mm.
A conmnductor 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;
— lgw-smoke zero-halogen thermoplastic material.

5.2.3 Cable element
5.2.3]1 General

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

5.2.312 Scréening of the cable element

IEC $1466-1:2007, 5.2.3.42.

Whe$ réequired, the screen for the cable element shall be in accordance |with

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 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.
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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.

Examples of suitable materials are

— polyolefin;
- PVC;

— flporopotymer;

— Igw-smoke zero-halogen thermoplastic material.
The gheath shall be continuous, having a thickness as uniform as possible. A.hon-matallic

ripcoyd may be provided. When provided, the ripcord shall be non-hygroscopic| and
non-yicking.

The polour of the sheath is not specified but it should be specifiedin the relevant detail
specification.

5.2.7 Identification

Each| length of cable shall be identified with the supplierjs details and, when required, by
mears of a traceability code, using one of the following‘methods:

bpropriately coloured threads or tapes,

ith a printed tape,

a
W
— pfinting on the cable core wrapping,
marking on the sheath.

Addifional markings, such as length _marking—ete are permitted If used, such markings{shat
referjto-this 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

ClaugeiB, lists the characteristics and minimum requirements of a cable complying with this
document—TFest—methods—shall—be—ir—accordance—with—EC64456-1+-2007 and
IEC 61156-1:2007/AMD1:2009, Clause 6.

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

All the tests according to 6.3 should be carried out on a cable length of 100 m, unless
otherwise 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.
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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

6.2.1 Conductor resistance

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

6.2.2 Resistance unbalance
6.2.211 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-enh a conductor/conductor and, where
scregn(s) are present, on a conductor/screen with 4,0.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 kM AC for 1 min or, alternatively, 1,7 kV ACfor2 s.

6.2.4 Insulation resistance
The fest shall be performed on

pbnductor/conductor;

[®)

— cpnductor/screen (when presént).

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

6.2.5 Mutual.capacitance

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

6.2.6L_~ Capacitance 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 using the triaxial method

(IEC 62153-4-3) shall not exceed the values shown in Table 2—atthediscretefrequencies

indicated for each grade.



https://iecnorm.com/api/?name=8c00977049bd8efe68f3779799907f31

-12 - IEC 61156-6:2020 RLV © IEC 2020

Table 2 — Transfer impedance

Frequency Maximum-surface transfer impedance
MHz moim

Grade1 Grade 2

4 10 50

10 10 100

30 30 200

bl o Lol

Maximum surface transfer impedance
Freque’\;\ﬁng range ma/m
Grade 1 Grade~2
1to 10 Z, <15 xf01176 7, < 50 x‘/0,301
10 to 30 Z,<10 % f/10 7, <3392 x f0.6309
30 to 100 Z,<10 % f/10 7N 2,120 6 x f1:3368

NOTE| The screen longitudinal DC resistance of 30 mQ/m or less~s an indicator for fulfilling the trhnsfer
impedpnce requirement of Grade 2. A measurement of DC resi§tance cannot replace a transfer impejdance
measyrement.

6.2.8 Coupling attenuation

Fhre¢ Four types of performance are recognized for coupling attenuation. When measgured
usingd the absorbing clamp method (IEC 62153-4-5) or the triaxial method (IEC 6215344-9),
the coupling attenuation in the frequencysrange from /= 30 MHz to 1 000 MHz shall megt the
requi[ements indicated in Table 3. Fex’screened cables, Type Il is the minimum coupling
attenuation requirement.

Table 3 — Coupling attenuation in dB

MHz daB
B s
Fypet
100-to 1000 285 — 20 x log,,(£/100)
3046100 =556
FypeH
100-to-1-000 255 — 20 x log,o(£/100)
30-+6-100 =40
Tyuna |

Coupling attenuation type Frequel\xﬁgz/ range

30 to 100 100 to 1 000
Type | 2 85 2 85— 20 x log,, (1/100)
Type Ib 270 270 - 20 x log,, (1/100)
Type Il 255 2 55 - 20 x log,, (/100)
Type Il =40 2 40 - 20 x log,, (f/100)
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6.2.9 Current-carrying capacity
The maximum current-carrying capacity is not specified but may be indicated in the relevant

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)

NoTE| The requirement is not specified but may be indicated in the relevant-detail
specification.

6.3.2 Phase delay and differential delay (delay skew)

6.3.2/1 Phase delay

The phase delay, 7, shall not exceed the value obtained from Equation (1) in the freqyency
rang¢ from 4 MHz to the maximum referenced frequency,

= 5344 S0 (1)

V7

wherg

T

A
6.3.2.2 Differential delay (delay skew)

g the phase delay in ns/100 m;

g the frequency in MHz.

Wheet measured at (20-=1 20 £ 3)**C, the maximum delay skew between any two pairs [shall
not exceed 45 ns/100 m for Category 5e, Category 6, 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 ambient temperature

excedd the value obtained from Equation (2) using the corresponding values of the constants

The maximun attenuation « of any pair in the frequency range indicated in Table 4 sha]l not
a, b epnd ¢ given in Table 4. s‘!

c

a=ax,f +bx f+ (2)
R

where

o is the attenuation expressed in dB/100 m;
f is the frequency in MHz.
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Table 4 — Attenuation, constant values

Cable designation Frequency range Constants
MHz a b ¢
Category 5e 1to 100 2,866 2 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 0:366 0,360

IEC 61156-6:2020 RLV © IEC 2020

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 understand the historical background: 2,866 was arrived 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=1,9106 fitted the,“old
ISO/IEC 11801 model; the actual 150 % attenuation should be a factor of 2,951.

6.3.3,.2 Attenuation at elevated operating temperature

The |increase—in of the maximum attenuation from Equation (2) due to an eleyated
envirpnmental temperature-shalnot-be-more-than above 20%C is obtained by calculatign 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 attenuationsiitrease. If an extended environmental temperpature
rang¢ is specified (see 4.3) the temiperature coefficients given in 6.3.3.2 might nqt be
applipable. The method provided_in IEC 61156-1 shall be used to determine temperpture
coeffjcients in this case.

6.3.4 Unbalance attenuation (7CL)

Fwe Four levels of perfotrmance are recognized for unbalance attenuation. The minimum pear-
end pnbalance attenuation (transverse conversion loss or TCL) shall not be less than the

valug obtained from~Equation (3) (Level 1)—andfrom—Equation{4){tevel2) to Equatidn (6)

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

Leve| 1; TCL = 40,0-10xlogy (f) (dB) (3)
Level 2: TCL =50,0-10xlogyo (/) (dB) (4)
Level 3: TCL =60,0-10xlogyo (f) (dB) (5)
Level 4: TCL =70,0-10xlogyo (/) (dB) (6)

NOTE |If the intention is to increase the frequency range of balance measurements, IEC TR 61156-1-2 provides
guidance on the respective (e.g. balunless) measurement techniques.
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Table 5 — Near-end unbalance attenuation

Cable category Frequel\;:'(_:l)z/ 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 frequencies where the calculated value of TCL is greater than 5Q dB] the
requirement shall be 50 dB. TCL requirements for frequencies higher than 250 Midz"may be
defined in the detail specification.

The minimum equal-level far-end unbalance attenuation (equal-level transverse conversion
tranjfer loss or EL TCTL) for all categories shall not be less than the. value obtained |from

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

Leve| 1, Level 2 EL TCTL =35,0-20xlogyq (/) (dB) /400-w (7)
Leve| 3 EL TCTL = 45,0—-20xlogq (. }(dB) (8)
Leve| 4 EL TCTL =55,0—-20x%logq (/) (dB) 9)

For fhose 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 d¢fined in the detail specification.

6.3.5 Near-end crosstalk (VEXT)

The Worst pair power sum fear end crosstalk, PS NEXT, in the frequency range indicated in
Tabl¢ 6 shall not be less _than the value obtained from Equation (10) using the corresponding
valug of PS NEXT(1) given'in Table 6.

PS NEXT(f) = PS NEXT(1)-15xlog;g(f) (dB) (10)

Table 6 — Worst pair PS NEXT(1) values

Cable-desi ion Frequel\l/';;)Z( range PS NdEé(T(1)

Category 5e 1to0 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 1 000 105;4 102,4
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.

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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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(f) (dB/100-)

Table 7 — Worst pair PS ACR-F(1)

Cable designation Frequel\l/'luﬁz( range Pg;/jﬁig)

Category 5e 1to 100 61,0

Category 6 1 to 250 6570

Category 6, 1 to 500 65, 0

Category 7 1 to 600 91,0

Category 7, 1to 1 000 91,0
NOTE4 If FEXT loss is greater than 70 dB, PS ACR-F loss-may not be measured.
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.

(11)

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

The finimum pair-to-pair ACR-F for any pair combination shall be at least 3 dB better than the
PS ACR-F for any pair.

6.3.7 Alien (exogenous) near end crosstalk

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

The PS ANEXT\(power sum alien (exogenous) near-end crosstalk) of cable when testgd 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 405 107,5 — 15 x log, (/)

NOTE Calculated values greater than 67 dB revert to a value of 67 dB.
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Alien (exogenous) far-end crosstalk (44CR-F)

6.3.8

Alien (exogenous) far end crosstalk is only a measurement consideration for unscreened
cables. For Typel, Type Ib and Type Il screened cables as defined in Table 3, the alien

(exogenous) far-end crosstalk (4CR-F) is proven by design.
accordance with IEC 61156-1:2007, 6.3.8 shall be not less than the values obtained from

The PS AACR-F (power-sum alien attenuation to crosstalk ratio far end) of cable when tested in
Table 9.

Table 9 — PS AACR-F—{PS AELEFEXT)
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{

-

Impedance (Q)

\ Upper limit Zu /

The |mpedance requirement is specified as fitted or mean<eharacteristic impedance
certalin frequency.

Furth
found

IEC TR 61156-1-5 for improvement of measurement uncertainty should be considered.

The
IEC ¢

returp loss shall also be measured.

6.3.1

The minimum return loss of any pair in the frequency range indicated in Table 10 shall n

less

100

/ Lower limit z/ \

1 -
Frequency (MH2z)
IEC 2510/09

Figure 1 — Impedance template

er background on the measurement of fitted aaghymean characteristic impedance c4
in IECTR 61156-1-2. Recommendatigns given in I|IEC TR 61156-1-2

impedance measured in accordance with IEC 61156-1:2007
1156-1:2007/AMD1:2009, 6.3.10.2-8¢ 6.3.10.3, shall be 100 Q +5 Q at 100 MHz

1 Return loss (RL)

han the values in_Table 10 for the respective categories.

Table 10 — Return loss

at a

n be
and

and
The

ot be

Cable category Frequel\?;)zl range Retugg loss
All'{see-Note-1) 1to 10 20,0 + 5,0 x log,, (/)
At +0to20 2550
Category 5e 20 to 100 25,0 - 8,6 x log,, (1'/20)
Category 6 20 to 250 25,0 - 8,6 x log,, (1'/20)
Category 6, {see-Nete-2) 20 to 500 25,0 - 8,6 x log,, (f/20)°
Category 7-{see-Nete-2} 20 to 600 25,0 - 8,6 x log,, (f/20)°
Category 7, {see-Nete-2} 20 to 600 25,0 - 8,6 x log,, (f/20)°
Category 7, 600 to 1 000 15,6 — 8,6 x log,,(f/600)
NOTE1 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.
NOTE2 @ Calculated values below 15,6 dB revert to a 15,6 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 fensile strength of the insulation is not specified but may be indicated in~the rel¢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 adhesion of the insulation to the conductor is not spécified but may be indicated ip 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 not be less than 100 %.

6.4.7 Tensile strength of the sheath

The finimum tensile strength of the sheath shall not be 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

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

6.4.11 Repeated bending of the cable

The cable shall withstand 500 cycles without cracking of the insulation or sheath or loss of
continuity in any metallic components.

6.4.12 Tensile performance of the cable

The tensile performance of the cable is not specified but may be indicated in the relevant
detail specification.
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3 Shock-test requirements of the cable

Not applicable.

6.4.1

4 Bump-test requirements of the cable

Not applicable.

6.4.1

5 Vibration-test requirements of the cable

Not applicable.

2020

6.5
6.5.1

Environmental characteristics

Shrinkage of the insulation

When tested at (100 = 2) °C for 1 h, the shrinkage of the insulation shall nof 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 the insulation after thermal ageing
pplicable.
Bending test of the insulation at low temperature
pending test of the insulated conductor shall be{carried out 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

6.5.5

The
ageir

6.5.6)

Not 4

6.5.7

hgeing regime shall be seven days at (100 + 2) °C. The-tensile-strength elongati
after ageing shall not be lessthan 50 % of the unaged value.

Tensile strength of the sheath after ageing

hgeing regime shalltbe: seven days at (100 + 2) °C. The-elengation 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

The
sum

hdrel

bn at

after

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

6.5.8

Heat shock test

Not applicable.

6.5.9

Damp heat steady state

Not applicable.
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6.5.1

0 Solar radiation

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

6.5.1

1 Solvents and contaminating fluids

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

6.5.1

2 Salt mist and sulphur dioxide

Not 3

6.5.1

Not 3

6.5.1

pplicable.

3 Water immersion

pplicable.

4 Hygroscopicity

The amount of moisture gained after 3 h shall not exceed 1 %-by ifrweight.

6.5.1

5 Wicking

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

6.5.1

If red

6 Flame propagation characteristics of assingle cable

uired by local regulations and indicated.itv the relevant detail specification, the test

be pgrformed in accordance with IEC 61156-1.

6.5.1

If red

7 Flame propagation characteristics of bunched cables

uired by local regulations and‘indicated in the relevant detail specification, the test

be pgrformed in accordance with’ IEC 61156-1.

6.5.1

If reg

8 Halogen gas evolution

uired by local regulations and indicated in the relevant detail specification, the test

be performed in accordance with IEC 61156-1.

6.5.1

9 Smoke generation

If reg

uired-by local regulations and indicated in the relevant detail specification, the test

be pgrfermed in accordance with IEC 61156-1.

6.5.2

0 Toxic gas emission

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.

6.5.2

1 Integrated fire test

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

The blank detail specification for cables described in this document is—published—as
IEC-614156-8-1 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) conductor size and type;
b) number of elements;

c) cable construction details;

d) cptegory number (5e, 6, 65, 7, 7,) to describe basic performance requirements;
e) npminal impedance of the cable;
f) echanical requirements;

9)
h) fire performance.

D

nvironmental requirements;
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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 geverities, which are derived from the environmental classifications that are spe\c/
cablipg for various environments.

NOTE| Environmental classifications are presented in ISO/IEC 11801-1:2017 with three lev IQ) severity |
areas] mechanical, ingress, climatic, and electromagnetic; thus, in tabular form, they are referred to as the
table” N

It is necessary to keep the transmission characteristics indicated in tljé",}ectional specific
for the referenced category number, i.e. 5e, 6, 65, 7 or 75. The deta
writtgn in accordance with the layout of the blank detail specification described here.

The
itemg of required information, which shall be entered in&.l(weraces provided.

1)
2)
3)
4)
5)
6)

7)
8)
9)

Q

%/

| specification sh4

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

Name and address of the organization that has [{?Qared the document.
IEC document number, issue number and da@f issue.
Address of the organization from which th%j cument is available.
Helated documents. ’\\.Q
Any other reference to the cable, n@al reference, trade name, etc.
A complete description of the c%le which shall include

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

a

b

c) screening; .
e

f

application;

category; A
other d@uishing performance characteristics.

4-pair, unshielded twisted pair cable for use in horizontal floor wiring, having a n
nce of 100 Q, and meeting the transmission requirements of Category 6 and the co
nuation requirements of Type IlI.

A —

stics
d for

n four
'MICE

ation
Il be

wing

minal
upling

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.

10) Appropriate sub clause references in the sectional specification IEC 61156-6.

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

requirements of the sectional specification IEC 61156-6.
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[1] Prepared by: [2] Document:
Issue:
Date:
[3] Available from: [4] Generic specification: IEC 61156-1

Sectional specification: IEC 61156-6
Blank detail specification: IEC 61156-6, Annex A

[5] Additional references:

[6] Cable description:

a) Type and number of elements:
b) N¢minal impedance:

c) S¢reening:

d) Application:

e) Chtegory:

f) Otper distinguishing performance characteristics:

[7] Qable construction: IEC 61156-6 Comments
subclause
5.2.1 Conductor description:
5.2.2 Insulation description:

Maximum diameter;

Colour code of glements:

5.2.3 Number of elements

(pair(s)/quad(s)):

5.2.3.2 Screefiing of the cable element:
Tape material

Drain wire

Braid wire

Braid material

5.24 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
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[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 °C to +70°C

C3: -40 °C to +70°C

[9] [10] [111 Comments

Charlacteristics IEC 61156-6

subclause

Elecfrical 6.2

charpcteristics

Conductor resistance 6.2.1 < ... Q/km

Resigtance unbalance 6.2.2

Resigtance 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 > ... MQ.- km

Conductor/screen 6.2.4 > MMQ - km

Mutual capacitance 6.2.5 S\ pF/m

Cap4citance unbalance 6.2.6 < ....pF/m

pair fo ground

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

Coupling attenuation 628 | ... dB Cable type should bell,
Ib, Il or IlI.

Cable type......

Currént carrying capacity 6.29 | ... mA Respective installatign
conditions shall be
specified.

Transmissiean 6.3

charpctefistics

Velogity ‘ef propagation 6.3.1

Delay 6.3.2.1 < ...ns/m

Differential phase delay 6.3.2.2 < ...ns/m

(skew)

Attenuation 6.3.3

General figures 6.3.3.1 < ...dB/100 m

Environmental 6.3.3.2 < ... %/°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
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Attenuation to crosstalk 6.3.6 > ..dB
ratio far end
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
Retu"r:! = 6344 =—dB
Mechanical and 6.4
dimgnsional
charpcteristics
Dimgnsional requirements | 6.4.1
Insulation diameter mm
Shedth thickness
Cablk diameter
Elonpation at break of the | 6.4.2 2 .. %
conductors
Tendile strength of the 6.4.3 2 ... MPa
insulption
Elongation at break of the | 6.4.4 2 ... %
insulption
Adhdgsion of the insulation | 6.4.5
to thg conductor
Elonpation at break of the | 6.4.6 > .. %
shealth
Tenj{le strength of the 6.4.7 >\ MPa
sheafth
Crush test of the cable 6.4.8 M1: 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.
Impgct test of the cable 6.4.9 M1: 21 J
M2: 210 J
M3: 230 J
Bending undéciension 6.4.10
Repg¢ated\bénding 6.4.11
Tendilenperformance of 6.4.12
the cable
Shock 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
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Bending test of insulation 6.5.3

at low temperature

Elongation at break of the | 6.5.4 2 .. %

sheath after ageing

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

Solaf radiation 6.5.10 C1: not applicable

C2, C3: under consideration

Solvents 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

Wickling 6.5.15

Flame propagation 6.5.16

chargcteristics of a single

cabld

Flame propagation 6.5.17

chargcteristics 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

Whep a characteristic appliestbut a specific value is not considered necessary, then NS for Not Specified should

be eptered at the appropriate’place. When NS is used, the appropriate requirements in the specification should

apply.

NOTE 1 When aSebaracteristic is marked as not applicable, it is not required by Clauses 4 to 7 of| this

document but can/be required in the detailed specification.

NOTE 2 ldgréss requirements using particles are not applicable to a cable.

NOTE«3{ Electromagnetic requirements given in the MICE table of ISO/IEC 11801-1:2017 have been dealt| with

by u ing thao Pc\qlliramc\r\fb that ara gi\lnr\ fartrancfar impaﬂc\nhc\: or-raar\ing c\ffar\llc\tinr\ and r-nllplir\g attnnurtion_

ESD requirements are considered not applicable.

NOTE 4 The proposed severities are taken from the MICE table of ISO/IEC 11801-1:2017. Depending on the
actual need 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 general 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 ohnly 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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Alien (exogenous) far-end crosstalk (44ACR-F)

2020

Alien (exogenous) far end crosstalk is only a measurement consideration for unscreened
cables. For Typel, Type Ib and Type Il screened cables as defined in Table 3, the alien
(exogenous) far-end crosstalk (4CR-F) is proven by design.

The PS AACR-F (power-sum alien attenuation to crosstalk ratio far end) of cable when tested in
accordance with IEC 61156-1:2007, 6.3.8 shall be not less than the values obtained from
Table 9.

Table 9 — PS AACR-F

6.3.9

The
spec

6.3.1

The
certa

Furth
found
IEC ]

The
IEC ¢
retur

6.3.1

The minimun return loss of any pair in the frequency range indicated in Table 10 shall n

less

Category Frequel\;rf_:ly range Minimumdll;s AACR-F
z

Category 6, 1 to 500 78,2 — 20 x log,, (/)
Category 7, 1to 1 000 93,2 - 20 x log, (%)

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

Alien (exogenous) crosstalk of bundled cables

minimum requirement is not specified but should .beVvstated in the relevant
fication.

0 Impedance

impedance requirement is specified as fitted or mean characteristic impedance
in frequency.

er background on the measurementof fitted and mean characteristic impedance c3
in IECTR 61156-1-2. Recommendations given in IEC TR 61156-1-2
'R 61156-1-5 for improvement of measurement uncertainty should be considered.

impedance measured in accordance with IEC 61156-1:2007
1156-1:2007/AMD1:2009, 6.3.10.2 or 6.3.10.3, shall be 100 Q +5 Q at 100 MHz
n loss shall also be measured.

1 ReturnJoss (RL)

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

letail

at a

n be
and

and
The

bt be
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