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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 6: Symmetrical pair/guad cables with transmission

characteristics up to 1 000 MHz -
Work area wiring — Sectional specification

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organizatio for cOmprising
all national electrotechnical committees (IEC National Commlttees) is to promote

ronic fields. To
Specifications,

international co-operation on all questions concerning standardization in
this end and in addition to other activities, IEC publishes Internatio g
Technical Reports, Publicly Available Specifications (PAS) and eferred to as “IEC
Publication(s)”). Their preparation is entrusted to technical compari ommittee interested
in the subject dealt with may participate in this preparajéry worky te i , governmental and non-
governmental organizations liaising with the IEC also partigipatg i iop. IEC collaborates closely
with the International Organization for Standardizatio conditions determined by
agreement between the two organizations.

es and IEC Natlonal Commlttees for any personal injury, property damage or
whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses>arisi publication, use of, or reliance upon, this IEC Publication or any other IEC
Publlcatlons

8) Attention is_drawn te_tfie Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of IEC 61156-6 consists of the third edition (2010)

[documents 46C/903/FDIS and 46C/908/RVD] and its amendment 1 (2012) [documents
46C/955/CDV and 46C/968/RVC]. It bears the edition number 3.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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International Standard IEC 61156-6 has been prepared by subcommittee 46C: Wires and
symmetric cables, of IEC technical committee 46: Cables, wires, waveguides, r.f. connectors,
r.f. and microwave passive components and accessories.

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

a) new reauirements for new cahlas Catg CatZ. -
7 -1 AT A

b) revised requirements and tests for the cables.

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

This standard shall be read in conjunction with IEC 61156-1:2007.

remain unchanged until the stability date indica
"http://webstore.iec.ch” in the data related to the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

* amended.

A bilingual version of this pu icati@ ed at a later date.

IMPORTANT - Th¢' | i loge on the cover page of this publication indicates
that it contains ¢ onsidered to be useful for the correct understanding
of its contents. re print this publication using a colour printer.



https://iecnorm.com/api/?name=cdbdcfb56ef4934890c2d02c1693a0d1

-6 - 61156-6 © IEC:2010+A1:2012(E)

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 Scope

It covers individually screened, common screened and uns
transmission characteristics and the frequency range (see Ts
at 20 °C.

Table 1 — Cable c@
oo

ximum feférenc
Cable desig@\< frequency

Category { 100
Cate/ggy k\ \ 250
NN RV
Ca;teg@w W 600
Q “gategonrZAN > 1000

ommunication channels which use as many as four
this sectional specification provides the cable

is standard are intended to operate with voltages and currents
normally ‘encoumifers munication systems. These cables are not intended to be used in
conjunction with:low\impeédance sources, for example the electric power supplies of public
utility mains; theyware’intended to be used to support the delivery of low voltage and power
applications such as’IEEE’s 802.3af (Power over Ethernet) and 802.3at (Power over Ethernet
Plus).

2 ;'Normative references

The following referenced documents are indispensable for the application 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 61156-6-1, Multicore and symmetrical pair/quad cables for digital communications —
Part 6-1: Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz —
Work area wiring — Blank detail specification
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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.

4 Installation considerations
See Clause 4 of IEC 61156-1.

4.1 Climatic conditions

Under static conditions, the cables shall operate in the
+60 °C. The conductor and cable temperature depende
unscreened cables and should be taken into acco
system.

5 Materials and cable constru

5.1 General remarks

The choice of materials a
and installation of the cal

halogen gas, etc.).

5.2 Cable co@

5.2.2 Insulation

The.conductor shall be insulated with a suitable material. Examples of suitable materials are

=~ polyolefin;

— fluoropolymer;

— low-smoke zero-halogen thermoplastic material.
5.2.3 Cable element

The cable element shall be a pair or quad and shall be twisted.

5.2.3.1 Screening of the cable element

When required, the screen for the cable element shall be in accordance with 5.2.3.1 of
IEC 61156-1.
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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 shalllbe
provided.

The screen shall be in accordance with 5.2.5 of IEC 61156-1.

5.2.6 Sheath

The sheath material shall consist of a suitable material.

Examples of suitable materials are

— polyolefin;
- PVC;

— fluoropolymer;

wicking.

The colour of the.she
specification. @

5.2.7 Identificatio

— printing on the cable core wrapping,

— marking on the sheath.

Additienal markings, such as length marking, etc., are permitted. If used, such markings shall
réfer to this specification.

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

6 Characteristics and requirements

6.1 General remarks

This clause lists the characteristics and minimum requirements of a cable complying with this
standard. Test methods shall be in accordance with Clause 6 of IEC 61156-1.
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6.2 Electrical characteristics and tests

NOTE The tests should be carried out on a cable length of not less than 100 m, unless otherwise specified.
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 %.

T . . . | | o

6.2.3 Dielectric strength

onductor and, where
or, alternatively, with
Is in these cases shall

There shall be no failures when a test is perfor
screen(s) are present, a conductor/screen with 1,
2,5kV d.c. for 2 s. An a.c. voltage may be used
be 0,7 kV a.c. for 1 min or, alternatively\,7 k

6.2.4 Insulation resistance

The test shall be performed on

— conductor/conductor;

— conductor/screen (When present):

The minimum or/ corrected to, 20 °C shall be not less than

5 000 MQ.m.

6.2.5 Mutual

The mutual achankg ot specified but may be indicated in the relevant detail
specification.

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

Eor cables containing a screen or screens, two grades of performance are recognized for

transferimpedance. T he transfer impedance shaftt ot exceed the vatues shown i Table 2 at
the discrete frequencies indicated for each grade.
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Table 2 — Transfer impedance

Maximum surface transfer impedance

Frequency mQ/m
MHz
Grade 1 Grade 2
1 10 50
10 10 100

30 30 200 %Q
100 100 1000 O
N4

NOTE The screen longitudinal d.c. resistance of 30 mQ/m or less is an indicator for fulfilling tra sfetflﬁ1 edance
requirement of Grade 2. A measurement of d.c. resistance cannot replace a transfer impegance meagurement.

6.2.8 Coupling attenuation

NOTE Eo MLYQ\M,
NOTE ./K..,U.u“\uu ble

e are‘fecognized for coupling attenuation. When measured using the
C 62153-4-5) or the triaxial method (IEC 62153-4-9), the coupling

Table 3 — Coupling attenuation

\Q/ Coupling attenuation type Frequelalt_:l)z( range Coupling attenuation
Type | 30 to 100 > 85
Type | 100 to 1 000 > 85 — 20 x log1o (£/100)
Type Ib 30 to 100 > 70
Type Ib 100 to 1 000 > 70 — 20 x log1o (£/100)
Type Il 30 to 100 > 55
Type Il 100 to 1 000 > 55— 20 x log1o (f/100)
Type Il 30 to 100 > 40
Type Il 100 to 1 000 > 40 — 20 x log1o (£/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.

6.3 Transmission characteristics

NOTE All the tests should be carried out on a cable length of 100 m, unless otherwise specified. Cat 7a test

6.3.1 Velocity of propagation (phase velocity)

NOTE The requirements are 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 /Egqua ( e ¥fequency
range from 4 MHz to the maximum referenced frequency,

r=534+% (ns/}0 (1)
where f'is the frequency in MHz.
6.3.2.2

S
Differential delay (delay skew
dela

When measured at (20 + i w between any two pairs shall not
exceed 45 ns/100 m for/catqe, blesNand 25 ns/100 m for cat 7 and cat 7p
cables in the frequency range 0 the maxXimum referenced frequency.

6.3.3 Attenua:: n
6.3.3.1 Attenuatigh.at 2 pient, temperature

The maximum atfenta X 3 3ir in the frequency range indicated in Table 4 shall not
exceed the valu y on (2) using the corresponding values of the constants

C

V7

a=ax,f +bx [+ (dB/100 m) (2)

where fis-the frequency in MHz.
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Table 4 — Attenuation, constant values

Cable designation Frequel\ll'luﬁlz( range Constants
a b c
Category 5e 1to 100 2,866 " 0,033 0,300
Category 6 1 to 250 2,730 0,026 0,375
Category 6, 1to 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 0,300

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

) 2,866 was arrived at by 1,5 x 1,91 = 2,866 as an approximat

Two levels of perform
unbalance attenuation
obtained from E ion
given in Table 5.

400 - 10 x logyo (f) (dB)

CL = 50,0 — 10 x logg (f) (dB) (4)

able 5 — Near-end unbalance attenuation

Cable category Freque&;;! 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

The minimum equal-level far-end unbalance attenuation (equal-level transverse conversion
transfer loss or EL TCTL) for all categories shall not be less than the value obtained from
Equation (5) for all frequencies in the range from 1 MHz to 30 MHz.

EL TCTL = 350 — 20 x logq (f) (dB)/100 m (5)
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6.3.5 Near-end crosstalk (VEXT)

The worst pair power sum near end crosstalk, PS NEXT, in the frequency range indicated in
Table 6 shall not be less than the value obtained from Equation (6) using the corresponding
value of PS NEXT(1) given in Table 6.

PS NEXT(f)= PS NEXT(1)-15xlog1o(f) (dB) (6)

Table 6 — Worst pair PS NEXT values

. . Frequency range PS NEXT
Cable designation MHz dB
Category 5e 1 to 100 62,3(
N
Category 6 1 to 250 /\7@3 O
Category 6, 1 to 500 \ 7\3\3
Category 7 1 to 600 ( \5\9,4\
Category 7, 1to 1000 \ \16&4 \
The cable performance between 1 MHz and 4 MHz i hi ed\bNe Wnd it
is therefore not necessary to test for this performay:tgf:e%w\4 Hz.

Y%

S@XT is greater than 75 dB, the

For those frequencies where the calculated
requirement shall be 75 dB.

The minimum pair-to-pair NEXT for any,pair con shall be at least 3 dB better than the

The worst pair power s alk ratio far end, PS ACR-F, in the frequency
range indicated j 2ss than the value obtained from Equation (7) using
the correspondin P given in Table 7.

= PS)ACR - F(1)- 20 xlog1o(f) (dB /100 m) (7)
able 7 — Worst pair PS ACR-F
<\ .
. . Frequency range PS ACR-F
\&bwtw“ MHz dB/ 100 m
“catodory 5 1t0 100 61,0

Category 6 1 to 250 65,0
Category 64 1 to 500 65, 0
Category 7 1 to 600 91,0
Category 74 1to 1 000 91,0

NOTE 1 If FEXT loss is greater than 70 dB, 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.

For those 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 than the
PS ACR-F for any pair.
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6.3.7 Alien (exogenous) near end crosstalk

Alien (exogenous) near-end crosstalk is only a measurement consideration for unscreened
cables. For Type | and Type |l screened cables as defined in Table 3, the alien (exogenous)
near-end crosstalk is proven by design.

The PS ANEXT (power sum alien (exogenous) near-end crosstalk) of cable when tested in
accordance with 6.3.7.1 of IEC 61156-1 shall be not less than the values obtained from

Table 8.

Table 8 — PS ANEXT

Category Frequency range Minimum PS/AN.
MHz

d
Cat6p 1< f<500 92,5//<5~§Iog10%)

Cat7, 1</<1000 105\\15%},\0‘) >
NOTE Calculated values greater than 67 dB revert to a value c§7\67 N \ \)

NN

Alien (exogenous) far end crosstalk is only a mg ‘ Qnsidération for unscreened
Table 3, the alien (exogenous)

The PS AACR-F (power-sum alien attenygation to S ratio far end) of cable when tested in
an the values obtained from Table 9.

Table 9 - AELFEXT)

Categor requency range Minimum PS AACR-F
N\ Hz dB
oAy >1 < f< 500 78,2—20xlogyo (/)

1</<1000 92 - 20 xlogy (/)

R )
C@et\e\&vé&%&e%&ghan 67 dB revert to a value of 67 dB.

6.3.9 Alien<(exogenous) crosstalk of bundled cables

The minimum requirement is not specified but should be stated in the relevant detail
specification.

63210 Impedance

The measured characteristic impedance in_accordance with 6.3.10.1.1 of IEC 61156-1, for

each cable category shall fall within the impedance template limits given in Figure 1. The
relevant template limits are derived using Equation (8), Equation (9) and Equation (10) for the
corresponding cable category, frequency range and return loss requirement given in Table 10.

Cables that meet the requirements of the template are not required to be measured for return
loss; alternately, cables that meet the return loss requirements given in 6.3.11 are not
required to be measured for characteristic impedance.
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The upper impedance limit, Zu of the template is given by Equation (8),

Zu=7, % {”_V)'J (8)
1= o]

The lower impedance limit, ZI of the template is given by Equation (9),

ZI=Z x [1_—|p|J (9)
1+ |p|

where

Z,is 100 q;
p is the reflection coefficient.

The reflection coefficient, p, is calculated from Equation (1

RL

lp| =10 20 (10)

where RL is the return loss given in 6.
A

WUpper it Zu /
A DA\

100 7

\{ower limit z7 \
ANN _

Frequency (MHz)
IEC 2510/09

Impedance (Q)

Figure 1 — Impedance template

63,11 Return loss (RL)

The minimum return loss of ahy pair inthe frnqunnr\y range indicated in Tahle 10 shall not bhe

less than the values in Table 10 for the respective categories.
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Table 10 — Return loss

Cable category Freque'\;:;;l range Retu;r!\3 loss
All (see Note 1) 1t0 10 20,0 + 5,0 x logy, (/)
All 10 to 20 25,0
Category 5e 20 to 100 25,0~ 8.6 « log,(£/20)
Category 6 20 to 250 25,0 - 8,6 x log,, (f/20)
Category 6, (see Note 2) 20 to 500 25,0 - 8,6 x log,, (f/20)
Category 7 (see Note 2) 20 to 600 25,0 - 8,6 x IOQMO)
Category 7, (see Note 2) 20 to 600 25,0 - 8,6 X/K@o (f120)
Category 7a 600 to 1 000 15,6 — 8,6\N0g10(608) >

6.4 Mechanical and dimensional characteristics

6.4.1 Dimensional requirements

6.4.5 Adhesion of the insulation to the conductor

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

6.4.6 Elongation at break of the sheath

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

6.4.7 Tensile strength of the sheath

The minimum 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 1 000 N.
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6.4.9 Impact test of the cable

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

6.4.10 Bending under tension

The hnnding Im:rfr\r'm:mm: of the cabhle is not elnnr'ifinri 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 © ath er 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 me e relevant

detail specification.

6.4.13 Shock-test requirements of the cable

Not applicable.

6.4.14 Bump-test requirements of

Not applicable.

6.4.15 Vibration-test re

Not applicable.

6.5.1

When tested a P Tthe shrinkage of the insulation shall not exceed 5 %. The
length of the : 0 mm, and the shrink-back shall be measured as the sum
from bot

6.5.2 the insulation after thermal ageing

Not applicable.

6.5.3 Bending test of the insulation at low temperature

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

6.5.4 Elongation at break of the sheath after ageing

The ageing regime shall be seven days at (100 + 2) °C. The tensile strength shall be not less
than 50 % of the unaged value.

6.5.5 Tensile strength of the sheath after ageing

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