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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 area wiring — Sectional specification
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, whether direct or indirect, or for costs (including legal fees) and
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8) ications is
9) Subject of

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 third edition cancels and replaces the second edition published in 2007. This third edition

constitutes a technical revision.

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

edition:

a) new requirements for new cables Cat6,, Cat7,;
b) revised requirements and tests for the cables.
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The text of this standard is based on the following documents:

FDIS Report on voting
46C/903/FDIS 46C/908/RVD

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

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

This standard-shall be read in r\nnjllnriinn with IEC 61156-1:2007

The lis] of all the parts of the IEC 61156 series, under the geneg aI title: jicpre and
symmetyical pair/quad cables for digital communications, can be foy gite.

The commmittee has decided that the contents of this publicati i a “ed until
the maiptenance result date indicated on the IEC web sité™ c.ch" in
the datd related to the specific publication. At this date, the~Nublis

* reconfirmed;

* with@rawn;

* replaced by a revised edition, or
*+ amepded.

A bilingpial version of this publication alater date.
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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

2010(E)

1 Scope
This paft of IEC 61156 makes reference to IEC 61156-1. The cabl rein are
intended primarily for work area wiring as defined in ISO/IEC 11801, 4 2.
It covels individually screened, common screened and uns ds. The
transmisgsion characteristics and the frequency range (see Ta re gpecified
at 20 °d.
Table 1 — Cable ca(gcrj'\
g
ximpmireférenc
Cable desig@\< frequency
Category 3e 100
Cate/gg’yk\ \ 250
\ \@Q(egor;%\ \\/ 500
Ca‘teg@h\? [/ 600
Q yéxqgor\y\h > 1000

These ¢ S ommunication channels which use as many|as four
pairs this sectional specification provides the cable
charact em developers to evaluate new systems.
The ca is standard are intended to operate with voltages and g¢urrents
normall munication systems. These cables are not intended to be|used in
conjuncti vith_low\impédance sources, for example the electric power supplies df public
utility miains;"theyare’intended to be used to support the delivery of low voltage anfd power
applicatjons 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 62153-4-9, 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 app

4 Installation considerations

See Clause 4 of IEC 61156-1.

ly.

4.1 Gllimatic conditions
Under dtatic conditions, the cables shall operate in the temperat
+60 °C.| The conductor and cable temperature dependence i

unscregned cables and should be taken into account for the
system.

5 Materials and cable construction

5.1 General remarks
The chaqice of materials and cable cons
and insfallation of the cable. Particular

for EMQ and fire performance (such
halogen| gas, etc.).

5.2 (Cable constructjon

The cable construction
relevan{ detail sca

5.2.1

The co

The conddetor shall be insulated with a suitable material. Examples of suitable materig

cabling

blication
rements
ution of

h in the

5.2.1 of
nductor

Is 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 shall be
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.

Examplgs of suitable materials are

— polyplefin;
- PV(Q;

— fluorfopolymer;

— low-

The she metallic
ripcord |may be provided nd non-
wicking

The colpur of the.she but it should be specified in the relevant detail
specification. Q

5.2.7 Identificatio

Each lehgth ¢ ceability

code, usi ethods:

— app
with|a pri

e core wrapping,

prinling on theca

mar

ing on the sheath

Additional markings, such as length marking, etc., are permitted. If used, such markings shall
refer 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 Q/100 m
of cable.

6.2.2 Resistance unbalance

6.2.2.1 Resistance unbalance within a pair

The res[stance unbalance shall not exceed 2 %.

6.2.2.2 Resistance unbalance between pairs

The paif-to-pair resistance unbalance shall not exceed 4 %.

6.2.3 Dielectric strength

There s onductor and, where
screen($) are present, a conductor/screen with 1,0 k\Vd.c. or, alternatively, with
2,5kV d.c. for 2 s. An a.c. voltage may be used Is in these casles shall
be 0,7 KV a.c. for 1 min or, alternatively\1,7 k

6.2.4 Insulation resistance
The tes{ shall be performed on

— conductor/conductor;

— conductor/screen (

The miphimum or/ corrected to, 20 °C shall be not legs than

5 000 MQ.m.

6.2.5 Mutual

The muitual ot specified but may be indicated in the relevant detail

specification.

6.2.6

The mgximum capacitance unbalance pair to ground shall not exceed 1 600 pF/km at a
frequengynof 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 shall not exceed the values shown in Table 2 at
the discrete frequencies indicated for each grade.
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Table 2 — Transfer impedance

Frequency Maximum surface transfer impedance
MHz mQ/m
Grade 1 Grade 2
1 10 50
10 10 100
30 30 200
100 100 1000

6.2.8

Three t
the abg
f=30,0

6.2.9

The maki

6.3 T

NOTE A
lengths s

Coupling attenuation

pes of performance are recognized for coupling attenuati
orbing clamp method, the coupling attenuation
MHz to 1 000 MHz shall meet the requirements indi

Table 3 — Coupling am
Coupling attenuation type Frequency @/ /\é&lm ttenuation
dB

< 30to 100( K N )\/ >85

Type ! >1°°\Q 000 285 - 20 x log,, (£/100)

] ( KSQto\N)\O \ >55

vee \ 1 0t3\1 oob\ >55 — 20 x log, (//100)
N 30?6’106]\/ >40

Typell
F\/\ MO >40 - 20 x log,q (£/100)

NOTE(F%S%ened % \s\th\Wethod of IEC 62153-4-9 may also be used.

a C|ty

apacity is not specified but may be indicated in the

acteristics

| thel tests should be carried out on a cable length of 100 m, unless otherwise specified. C
ould be 50 m.

[y using

de from

relevant

bt 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
6.3.2.1

Phase delay and differential delay (delay skew)

Phase delay

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

where f

T= 534+£ (ns/100 m)

Jr

is the frequency in MHz.

(1)
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6.3.2.2 Differential delay (delay skew)

When measured at (20 = 1) °C, the maximum delay skew between any two pairs shall not
exceed 45 ns/100 m for catSe, cat6, cat6p cables and 25 ns/100 m for cat 7 and cat 7p
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
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 andcgiven in Tahle 4

(¢

VI

a=axf +bx f+ (dB/100 m) (2)

where flis the frequency in MHz.

Table 4 — Attenuation, constantwalues

A~
Frequency range f\\)/ Co}st\ants

Cable designation M/Hf\ \ >a ( \) ‘\ly c

Category 5e 1 to\m{) 2,\1@6 ) j,osa 0,300

Category 6 1to ?60A \gnﬁ\ 0,026 0,375
Category 6, 110500 (D279 ” | 001365 0,375
Category 7 < /%e\o\\ B \2,00 0,015 0,300

Category[Fy N 1 tod ob@\ j2,7oo 0,007 5 0,300
W Z
his

The ca performance\befweel 1 and 4 MHz is achieved by design only and it is
therefdre ngt ngcessary to test-fo formance below 4 MHz.

) 2,866, Was axived at b MQH = 2,866 as an approximate 150 % factor to
accommrodate smakler ‘cenductor)stranding and also ILD since 2,866/1,5=1,9106 fitted
the old 418 deli‘the ual150 % attenuation should be a factor of 2,951.

Med operating temperature

attenuation obtained from Equation (2) due to elevated temperature

6.3.3.2

The increas
shall not be mo

— for d¢nscreened cables, 0,4 %/°C, for the temperature range from 20 °C to 40|°C and
0,6%/°C for the temperature range from 40 °C o 60 °C,

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

6.3.4 Unbalance attenuation

Two levels of performance are recognized for unbalance attenuation. The minimum near-end
unbalance attenuation (transverse conversion loss or TCL) shall be not less than the value
obtained from Equation (3) (level 1) and from Equation (4) (level 2), in the frequency ranges
given in Table 5.

TCL = 40,0 — 10 x logy (f) (dB) (3)

TCL = 50,0 — 10 x log4y (f) (dB) (4)
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Table 5 — Near-end unbalance attenuation

Cable category Frequel\:;;)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

The mir||imum equal-level far-end unbalance attenuation (equal-level nsver corl\version
transfer| loss or EL TCTL) for all categories shall not be less than tiie Va aobtained from
Equatiop (5) for all frequencies in the range from 1 MHz to 30 MHz.

EL TCTL = 35,0 — 20 x logqg (/) (dB)/ (5)
6.3.5 Near-end crosstalk (VEXT)
The wofst pair power sum near end crosstalk, PS icated in
Table 6|shall not be less than the value obtain ponding
value off PS NEXT(1) given in Table 6.

PS NEXT(f)= PS\NE (6)

v
N
Cable dw W“Qe PS éVé?XT

/Neg\)’y 56 } o 100 62,3
\Caeuory b N 110250 72,3
_Calegory6, N 1 to 500 72,3

Cak\g%g 1 to 600 99,4

\s;\@géiy 7N ) 1to 1000 105,4
< e\ca perfor ance between 1 MHz and 4 MHz is achieved by design only and it
is thexefore essary to test for this performance below 4 MHz.

For thope frequkieé where the calculated value of PS NEXT is greater than 75|dB, the
requirermment 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 (7) using
the corresponding value of the PS ACR-F(1) given in Table 7.

PS ACR - F(f)=PS ACR - F(1)-20xlogso(f) (dB /100 m) (7)
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Table 7 — Worst pair PS ACR-F

Cable designation Frequel\;lﬁyzf range gg/‘ﬂgg'rl;
Category 5e 1to 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 7, 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/bg(gesign
only and it is therefore not necessary to test for this performance below 4 z.

odter t\@hB, the

dB better than the

For thoge frequencies where the calculated value of PS ACR-F is
requirement shall be 75 dB.

The minimum pair-to-pair ACR-F for any pair combination
PS ACRAF for any pair.

6.3.7 | Alien (exogenous) near end crosstal

creened
genous)

Alien (gxogenous) near-end crosstalK i
cables. |For Type | and Type Il screened
near-enfd crosstalk is proven by design.

bsted in
ed from

The PS|ANEXT (power su
accordance with 6.3.7.1
Table 8

Categ \j \}{equency range Minimum PS ANEXT
N MHz dB
Cyt6 1< <500 92,5 -15xlogyo(f)

\ \Qt?\ V% 1</<1000 105 —15xlogso(f)
AN
< NO C\aN&alues greater than 67 dB revert to a value of 67 dB.

6.3.8 AIieNous) far-end crosstalk (44CR-F)

Alien (exogenous) far 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)
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 6.3.8 of IEC 61156-1 shall be not less than the values obtained from Table 9.
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Table 9 — PS AACR-F (PS AELFEXT)

Category Frequency range Minimum PS AACR-F
MHz dB
Cat6p 1< <500 78,2 - 20 xlogo(f)
Cat7, 1<f<1000 92 - 20xlogyo(f)
Calculated values greater than 67 dB revert to a value of 67 dB.

6.3.9 Alien (exogenous) crosstalk of bundled cables

4 la

Th 1 15+ + 4 + ry HY P | o
e miptmom TCTUYUImTTiTeITt 15 1TTUT SpTLimcUu—ou

specification.

6.3.10 | Impedance

T S1TUuU

Lol a + s~ 1
U T T /70Trec I Troval

The measured characteristic impedance in accordance with 6.3.
each cgble category shall fall within the impedance template i

relevan{ template limits are derived using Equation (8), Eduation 8
corresppnding cable category, frequency range and retarnmlQssequirexen

Cables [hat meet the requirements of the templ
loss; alternately, cables that meet the_return

required

The upg

The low

where

Z,is 10

p is the refleetion coefficient.

1+|0|

e’is given by Equation (9),

ZI=7, x (1_|p|]

t detail

6-1, for
1. The
for the
able 10.

r return
are not

(8)

(9)

The reflection coefficient, p, is calculated from Equation (10).

RL
lp| =10 20

where RL is the return loss given in 6.3.11.

(10)
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6.3.11

The mirfimum return loss of any pair in the frequenc
less thah the values in Table 10 for the respectiye satedo ie@

6.4
6.4.1

g
[0]
o
c
[}
e
(]
Q.
S L
£ \ Upper limit Zu /
100
/ Lower limit ZI \
1 ‘( =

Figure 1 — Impedance template

Return loss (RL)

able 10 sha

Tabie 1

urg loss
Cable category (Frewm Retu;ré loss

All (see Nd@ﬂ [ \ a0 ‘\) 20,0 + 5,0 x log,, (/)
A N Chato 20/ 25,0
/SQteg}{{y A \/ 2@0 100 25,0 - 8,6  log, , (//20)
\gﬁﬂ&(s \ \\26 to 250 25,0 - 8,6 x log, , (f/20)
Categ%(elQ (ske\N}t{z) NV 20 to 500 25,0 - 8,6 x log, , (f/20)
Cateé;er\v\ée\e Wz\)\/ 20 to 600 25,0 - 8,6  log, , (//20)
@at%&Q\?A\ee ote\§ 20 to 600 25,0 - 8,6 x log, , (f/20)
< \ ‘%{te\gory\(A 600 to 1 000 15,6 — 8,6 x 10g1o(f1600)
TR

performance between 1 MHz and 4 MHz is achieved by design

et

Mechanical and dimensional characteristics and requirements

Dimensional requirements

| not be

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 %.
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6.4.3 Tensile strength of the insulation

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

6.4.4 Elongation at break of the insulation

The 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

6.4.7 Tensile strength of the sheath

The minimum tensile strength of the sheath shall not be

6.4.8 Crush test of the cable

The minimum force shall be 1 000 N.

6.4.9 Impact test of the cable

The imgact resistance of thre_cabl

specification.

ay be indicated in the relevanpt detail

6.4.10 | Bending und

relevant

The bending perfor
detail s;l:ecification

6.4.11

The cable loss of
continui

6.4.12

The tensile—ps e _relevant

detail specification.
6.4.13 Shock-test requirements of the cable

Not applicable.

6.4.14 Bump-test requirements of the cable

Not applicable.

6.4.15 Vibration-test requirements of a cable

Not applicable.
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6.5 E
6.5.1

nvironmental characteristics

Shrinkage of the insulation

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

6.5.2
Not app

6.5.3

The ber
diamete

6.5.4

The age
than 50

6.5.5

The age
70 % of

6.5.6

Not app|

6.5.7

The be
times th

6.5.8

Not appljc

6.5.9

Not app

Wrapping test of the insulation after thermal ageing

licable.

i
ure

ding test of the insulated conductor shall be carried out at (-
r shall be 6 mm. There shall be no cracks in the insulation.

Elongation at break of the sheath after ageing

ing regime shall be seven days at (100 £ 2) °C.
% of the unaged value.

ing regime shall be seven days
the unaged value.

icable.

Cold bet tes
ding test shga

overall djam

icable.

mandrel

not less

bss than

be eight

6.5.10

Solar radiation

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

6.5.11

Solvents and contaminating fluids

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

6.5.12

Not app

Salt mist and sulphur dioxide

licable.
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