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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 600 MHz —

Work area wiring — Sectional specification

FOREWORD

1) The IHC (International Electrotechnical Commission) is a worldwide organizationdor st rising all
nationjal electrotechnical committees (IEC National Committees). The object of the rnational
co-opération on all questions concerning standardization in the electrical and nd and in
additign to other activities, the IEC publishes International Standards. Their prep technical
commlttees; any IEC National Committee interested in the subject dealt with may pa I’tICI 3 tory work.
Intern atlonal governmental and non- governmental organlzatlons I|' i 3 o participgte in this

with c>nd|t|ons determined by agreement between the two orgatiizations

(1SO) in apcordance

2) The fgrmal decisions or agreements of the IEC on technical mtter eypress 4s possible an infernational
consefisus of opinion on the relevant subjects since each fe interested
Natiorfal Committees.

3) The dpcuments produced have the form of recom he form of
standards, technical specifications, technical bmmittees
in thaf sense.

4) In ordgr to promote international unification, IH Standards
transp tween the
IEC S

5) The IEC provides no m e for any
equipinent declared to b¢

subject of

6) Attent|on is drawn fq t
patenf rights. Th

Internat been prepared by subcommittee 46C: Wires and
symmetfi ittee 46: Cables, wires, waveguides, RF connegtors and
accessdri signalling.

The tex d on the following documents:

FDIS Report on voting
46C/512/FDIS 46C/518/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 standard should be read in conjunction with IEC 61156-1.

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

The committee has decided that the contents of this publication will remain unchanged until 2004.

At this date, the publication will be

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
*+ amended.
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MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 6: Symmetrical pair/quad cables
with transmission characteristics up to 600 MHz —
Work area wiring — Sectional specification

1 General
1.1 Sc¢ope
This segtional specification relates to IEC 61156-1: Multicore and, sy 1 ?cables
for digital communications — Part 1: Generic specification. Thé cahls [ rein are

F and F
ustomer

specifically intended to construct patch, equipment, and wor,
channelp, as defined in IEC 11801:2000, Information technglog
premisels (see Table 1).

It covers individually screened (STP), common scree ‘ pairs or

specifiefd at 20 °C. See Annex A of JEC\E11 ‘ is 310 ance at

The dedignation "Category 5e" is used heret S le and is
used in the same context ag )" i 801. Thi i Signated
Categorly 5e to differentiaté_it fix : [ i -2, 6-3, and
61156-4. Although bothrCateg 5.8 i in used

for Clas$ D channels, Catego ) i i , 5, which

make it| preferreg~or in both
directions.
@ 1 — Cable categories

Maximum reference
Cab esignatiqn frequency Channel designation
< & MHz
\%t%&y B*e\\/ 1002 D
E

Ca@wa > 250

Category 7\/ 600 F

a  Some characteristics are measured up to 125 MHz in order to comply with IEEE’s
request to specify the electrical performances up to a frequency 25 % higher than the
referenced frequency.

These cables are intended for various new communication systems that are under development
and which use as many as four pairs simultaneously. In this sense, this sectional specification
provides the cable characteristics required by system developers to evaluate new systems.

The cables covered by this sectional specification are intended to operate with voltages and
currents normally encountered in communication systems. These cables are not intended to be
used in conjunction with low impedance sources, for example, the electric power supplies of public
utility mains.

Though the recommended temperature range during installation is 0 °C +50 °C, the actual
temperature range during installation should be indicated in the detail specification.
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1.2 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 61156-5, Multicore and symmetrical pair/quad cables for digital communications — Part 5:
Symmetrical pair/quad cables with transmission characteristics up up to 600 MHz — Horizontal floor
wiring — Sectional specification

ISO/IEC 11801:2000, Information technology — Generic cabling for customer premises

Publicatjons listed in IEC 61156-1 also apply.

1.3 Insstallation considerations

Installatjon considerations will be addressed in a future revision o 1156-Y.

1.4 Climatic conditions

Under s +60 °C.
The tem les, and
should bles are
suscept fore the
maximupm increase in attenuation due

2 Deflinitions, materials and cable cQtr

2.1 Definitions

See 2.1|of IEC 61156-

22 M

221

The chdi f i ¢ construction shall be suitable for the intended application and
installat y 5 for fire
performH , etc.).
22.2

The cableconstruction shall be in accordance with the details and dimensions given in the|relevant

detail specification.

2.2.3 Conductor

The conductor shall be solid or stranded annealed copper conductor, in accordance with 2.2.3 of
IEC 61156-1 and shall have a nominal diameter between 0,4 mm to 0,65 mm. The stranded
conductor should have preferably seven strands. Conductor diameter up to 0,8 mm may be used
if compatible with the connecting hardware.

The conductor shall be plain or tinned.

The conductor may consist of one or more elements of thin copper or copper alloy tape, which
shall be applied helically over a fibrous thread (tinsel cord). In this case, joints in the complete
element shall not be permitted.


https://iecnorm.com/api/?name=29e1629720d653a39f5ed78d127dba14

61156-6 0 IEC:2002(E) —-7-

2.2.4 Insulation

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

— polyolefin;

— fluoropolymer;

— low-smoke zero-halogen thermoplastic material.

The insulation may be solid or cellular with or without a solid dielectric skin. The insulation shall
be continuous and shall have a thickness such that the completed cable meets the specified

requirements. The nominal thickness of the insulation shall be compatible with the method of
conductprtermimnation.

2.2.5 Colour code of insulation

on. The
rd| colours

The colpur code is not specified but shall be indicated in the reJevant d
colours |shall be readily identifiable and shall correspond reasoRably™
shown ip IEC 60304.

arhspesifi

NOTE

tlis acceptable to mark or stripe the "a" wire with the colour efthe irelts ilitate gair identificqtion.

2.2.6 Cable element

The cab

2.2.7

When rg

2.2.8 Cable make-up

A cross web or any bthekspacep nig o> separate the cable elements. The cable elements,
including cross webs’g all besassembled to form the cable core.

The cor al.
229

When ré rovided.
The scr

2.2.10 -Sheath

The sheath material shall consist of a suitable thermoplastic material.

Examples of suitable materials are

— polyolefin;

- PVC;

— fluoropolymer;

— low-smoke zero-halogen thermoplastic material.

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

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

2.2.12 Identification

Each length of cable shall be identified as to the manufacturer, and when required, the year of
manufacture, using one of the following methods:

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

c) printing on the cable core wrapping;

d) marking on the sheath.

Additionpl markings, such as length marking, etc., are permitted on th Eed, such

markings should be indicated in the relevant detail specification.

2.2.13 | Finished cable

The finished cable shall be adequately protected for store

3 Characteristics and requirements

3.1 General remarks

ements of a cable complying with this
sectiondl specification. Test methods shall b g’with clause 3 of IEC 61156-1] A detail

specification may be prepafed\to ide 3 c product and its performance capabilifies (see
clause 4).

3.2 EJ:ctrical cSra
The tests shall be sarri€

3.21

pecified.

When n shall not

exceed

3.2.2

The conddetor resistance unbalance shall not exceed 2 %.

3.23 Dielectric strength

The test shall be performed on conductor/conductor and, where screen(s) are present,
conductor/screen with 1,0 kV d.c. for 1 min or, alternately, with 2,5 kV d.c. for 2 s. An a.c. voltage
may be used. The a.c. voltage levels in these cases shall be 0,7 kV a.c. for 1 min or, alternately,
1,7 kV a.c. for 2 s.

3.24 Insulation resistance
The test shall be performed both on

— conductor/conductor;
— conductor/screen (when present).

The minimum insulation resistance at 20 °C shall not be less than 5 000 MQEm.
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3.2.5 Mutual capacitance

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

3.2.6 Capacitance unbalance pair to ground

The maximum capacitance unbalance pair to ground shall not exceed 1 600 pF/km at a frequency
of 1 kHz.

3.2.7 Transfer impedance

For cables contalnlng a screen or screens, two grades of performance are recogmzed for transfer
impedane at 5 ,, S1e erdiscrete
frequengi

Fre&tiezncy mym\ \pi\\)
Grade 1 \G N )
\

o o\ S OS>
NV

30 IN_A > )
100 80\ ) 1000

3.2.8

The d.c
indicate

may be

3.3 Ti

All the te

3.3.1
3.3.1.1

h 0,6 x ¢
v 4 MHz

The min
for all fr : !
are given enly/for infefmation purposes (see 3.3.2).

NOTE The velocity of propagation, group velocity and phase velocily are approximately equal for frequencies greater
than 4 MHz when measured on symmetric cables, i.e. when the cables are operated in a balanced mode.

3.3.1.2 Delay and differential delay (delay skew)

The delay for a specified length of cable is understood as the inverse of the velocity of
propagation. The delay shall be less than or equal to:

delay = 534 + 36 (ns /100 m) (1)

Jr

where fis the frequency in MHz.

Differential delay (delay skew) is the difference in delay between any two pairs.
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3.3.1.3 Differential delay (delay skew)

When the delay is measured at 10 £ 2 °C and 40 £ 1 °C, the maximum delay skew between any
two pairs at a given temperature shall not be greater than 45 ns/100 m for cat5e and cat6 cables
and 25 ns/100 m for cat7 cables in the frequency range from 4,0 MHz to the maximum referenced
frequency.

3.3.1.4 Environmental effects

The differential delay (delay skew) between any two pairs due to temperature shall not vary by
more than £10 ns/100 m over the temperature range from —40 °C to +60 °C within the differential
delay (delay skew) of 3.3.1.3

3.3.2 Attenuation

The maximum attenuation a of any pair in the frequency range indica be less
than or|equal to the value obtained from equation (2) using th g of the
constangs given in Table 3. The values indicated correspond to aq increa ion| of 20 %
or 50 %|with respect to the horizontal cable of the same categ NH 56-5)
a=ax.,f +bxf+ 2 dB N0 (2)
Table 3 - A@{t&st ntQa
Increase of Constants

Cajjle

attenuation r nge

% Hz(\ \v b c

designation

Category|5e e N 2360 0,028 120

Category6 ‘ r‘4\‘2\5‘l\ ) 2,184 0,020 300

Category|7 49800 \ 2,160 0,012 240

Category| 6 AR 280 2,730 0,026 375

0
0
0

Category| 5e Q & W N2V 2,866 0,033 0}300
\\ :
0

Category| 7 y 600 2,700 0,015 300

For Catg¢gory que range has been extended by 25 % to 125 MHz. In this case valyes above
100 MHz are rmfo |on nIy

NOTE 1 atlon refers to an increase of the attenuation of stranded patch cables with|respect to
solid hoti NThis increase is also referred to as “de-rating”.

NOTE 2 nels, ohfor cascaded cables with differing impedance or cables with a distinct impedance foughness,
the term|insertion l0ss i ed (see IEC 61156-5, Annex B). The term insertion loss refers to inserting a deyice under
test betyvegn ‘a“generatgr and a load. Only if the generator, the device under test, and the load have|the same
impedarjce, ‘are we talking strictly speaking about “attenuation”.

NOTE 3 See Annex B of IEC 61156-5 for a discussion of ILD,

The values in Table 4 are for information only. Because the measurement of attenuation at 1 MHz
on a length of 100 m is prone to error, these values are given in brackets for reference purposes
only.
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Table 4 — Attenuation at 20 °C

Attenuation at 20 °C

dB/100 m

Cable designation

Frelt\1/|t|1_|ezncy 20 % increase of attenuation 50 % increase of attenuation
Category 5e | Category 6 Category 7 Category 5e Category 6 Category 7
1 [25] [25] [2,4] [3.2] [3.1] [3,0]
4 4,9 46 45 6,0 5.8 56
10 7.8 7.2 7.0 95 9,0 8,8
6 9,9 9,1 8,9 12,1 NEDN 11,1
bo 11,1 10,2 10,0 135 [ B ON | 124
3{.25 14,1 12,9 12,5 1710 CANe N Piss
.5 20,4 18,6 17,9 248\ 23 223
{00 26,4 23,9 22,8 /\{2\0\ \\ \zg,g 28,5
125 [29,9] 26,9 257 36, D 33 32,1
400 34,9 330 / \§>%>; 41,2
450 39,6 37.2 | 49,7 46,5
400 Ao\ G 513
doo <\ 60,1\ 75,1

3.3.2.1

frequen
unscree

The me

3.3.2.2
To simu

cable is
a temps

The me|

compliahce,with thi

Temperature effects

requirement is under consideration.

C in the
MHz for

120 h to

dity and

3.3.3

Unbalance attenuation

The minimum unbalance attenuation near-end (transverse conversion loss or TCL) shall be equal
to or greater than the value obtained from equation (3) for the frequency ranges given in Table 5.

The formula for the TCL is:

TCL = 400 - 10 x logso (f) (dB)

3)
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Table 5 — Unbalance attenuation

Cable category Frequency range for TCL
MHz
Category 5e 1-100
Category 6 1-200
Category 7 1-200

NOTE Unbalance attenuation near-end (TCL) for Category 7 at frequencies greater than 200 MHz is for further study.

The minjmum equal level unbalance attenuation far end (equal level transverge conwersion| transfer
loss or EL TCTL) for all categories shall be equal to or greater than ed from
equation (4) for all frequencies in the range from 1 MHz to 30 MHz.
The forrhula for the EL TCTL is:
EL TCTL = 350 -20 xlogqg ( (4)
3.34 Near-end crosstalk
When measured in accordance with |IE osstalk,
PS NEX]T, of any pair in the frequency i i all be equal to or greater than
the valde obtained from equation (5) usi 2 ding given in
Table 6
S, xlogqo(f)  (dB) (5)
M S NEXT values
-
. PS NEXT(1)
C signatio
dB
X -
Categog/ée > 62,3
Categorh \ P\t N\ i 4250 72,3
c&egoN \ \) 4 - 600 99,4
For Catpgoryw 5e 8ables\tHe frequency range has been extended by 25 % to 125 MHz| Values
above 100 MHZare fokinformation only and are given in brackets.
The valles givpn in Table 7 are for information nnly For those frequencies where the cdlculated

value of PS NEXT is greater than 75 dB, the requirement shall be 75 dB.
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Table 7 — PS NEXT

PS NEXT
dB
Frequency Cable designation
MHz Category 5e Category 6 Category 7
1 62 72 75
4 53 63 75
10 47 57 75
16 44 54 75
20 43 53 NE
31,25 40 50 RELE A\
62,5 35 45 < \\2 &
100 32 42 RN N\
125 [31] a1 A \] ONey
200 N
250
300
600
The minimum pair-to-pair NEXT for any p n the PS
NEXT fgr any pair.
3.3.5 Far-end crosst
When measured in acdorda far-end
crosstalk, PS EL BEX equal to
or greater than t e PS EL
FEXT(1) given in Rab
E (6)

O\

7.

able 8 — Worst pair PS EL FEXT

Cable \designation Frequel\;:}c_:i)z/ range PdSBEflc-JrFFO)(()Tr(r:)
Sategory 3 4-125 61,0
Category 6 4—250 65,0
Category 7 4 - 600 91.0
NOTE If FEXT loss is greater than 70 dB, ELFEXT loss has not to be measured

For Category 5e cables, the frequency range has been extended by 25 % to 125 MHz. Values
above 100 MHz are for information only and are given in brackets.

The values given in Table 9 are for information only. For those frequencies where the calculated
value of PS EL FEXT is greater than 75 dB, the requirement shall be 75 dB.
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Table 9 - PS EL FEXT

PS EL FEXT
dB for 100 m
Frequency Cable designation
MHz Category 5e Category 6 Category 7
1 61 65 75
4 49 53 75
10 41 45 71
16 37 41 67
20 35 39 (65
31,25 31 35 L BIONON

62,5 25 29 <\ X
100 21 25 AR\ X\ M
125 19 23 /\\ \\ }s{ A
200 19N ‘\\45>
250 RN N

300 u \/ 41
600 A~ AN /\ >
aircombin icm\sha«/b\e/at least 3 dB better fthan the

The minimum pair-to-pair EL FEXT for a
PS EL HEXT for any pair.

3.3.6 Characteristic iH

3.3.6.1 Open-short itN : i impedance)
The magnitude c@ e easured in a swept frequency mode (opgn-short
circuit method per'83,822% ) over the frequency range from 4 MHz to the mjaximum

referenged freque set th sfirements given in Table 10.

Table 10 — Input impedance

< \\ \ N Input impedance
Q

uencyrange Cable designation
Category 5e Category 6 Category 7
4 — 100 N+ 15 N+ 15 N+ 45
100 — 250 N + 22 N + 22
200 - 600 N £ 25

N = nominal impedance

Measurement of input impedance is not required when the mean characteristic impedance of
3.3.8.2 is measured.

3.3.6.2 Function fitted impedance/mean characteristic impedance

When measured in accordance with 3.3.6.3, 3.3.6.3/3.3.6.2.3 or 3.3.6.3/3.3.6.2.3 to 3.3.6.2.5 of
IEC 61156-1, the mean characteristic impedance shall be within £5 % of the requested nominal
impedance at 100 MHz.
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3.3.7 Return loss (RL)

15—

When measured in accordance with 3.3.7 of IEC 61156-1, the minimum return loss of any pair in
the frequency range indicated in Table 11 shall be equal to or greater than the values in Table 11

for the respective categories.

Table 11 — Return loss

Cable designation

Frequency range

Return loss

MHz dB
All 4-10 20,0 + 5,0 x log4q ()
All 10 - 20 . 25.0
Category| 5e 20 - 125 }5& - 8,6 N’O @/20)
Category|6 and Category 7 20 - 250 &XQO k\ogm 20)
Category|7 250 — 600 \ }Q\S B\\W 20)
NOTE [alculated values below 15,6 dB revert to a 15,6 dB plateau. Q \ NN\
For Catggory 5e cables, the frequency range has bee Values
above 100 MHz are for information only.
3.3.8 Screening attenuation
Two gra dtion is a
part of t method,
the scre MHz to
the maximum referenced fr d below
— for Grade 1 cables: >60\dB;
— for Grade 2 cables:
There afe no re
3.3.9
Three ty sing the
absorbin Hz to the
maximu able 12.
Table 12 — Coupling attenuation
Coupli . Frequency range Coupling attenuation
VIRZ ab
30 - 100 >85,0
Type | 100 to the maximum referenced 285,0 — 20 x logq (f/100)
frequency
30 - 100 >55,0
Type Il 100 to the maximum referenced 255,0 — 20 x log4q (f/100)
frequency
30 - 100 >40,0
Type lll 100 to the maximum referenced 240,0 — 20 x log4q (f/100)

frequency
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3.4 Mechanical and dimensional characteristics and requirements
3.4.1 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.

3.4.2 Elongation at break of the conductor

The minimum elongation of the conductor shall be 8 %.

3.4.3 Elongation at break of the insulation

The mirfimum value of the elongation at break of the insulation shall be 100 %.

3.4.4 Elongation at break of the sheath

The minfimum value of the elongation at break of the sheath sh

345 Tensile strength of the sheath

The minimum tensile strength of the sheath shall be

3.4.6 Crush test of the cable

The cru fication.
If speciffjed, the minimum force shall be

3.4.7 Impact test of the'sa

The impact test of thp _cab ecified byt may be indicated in the relevant detail
specification.

3.4.8 Repeat@ \

The repgated bending nt detail
specification (The ke ndingtest and specification and the corresponding requirements are

under cpnsidgratian

3.4.9

Not app

3.5 Environmental char risti

3.51 Shrinkage of insulation
When tested at 100 °C £ 2 °C for 1 h, the shrinkage of the insulation shall be less than or equal

to 5 %. The length of the sample shall be 150 mm, and the shrink-back shall be measured as the
sum from both ends.

3.5.2 Wrapping test of insulation after thermal ageing

Not applicable.

3.5.3 Bending test of insulation at low temperature

The bending test of the insulated conductor shall be carried out at —20 °C £ 2 °C. The mandrel
diameter shall be 6 mm. There shall be no cracks in the insulation.
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Elongation at break of the sheath after ageing

The ageing regime shall be 7 days at 100 °C £ 2 °C. The elongation shall not be less than 50 %
of the unaged value.

3.5.5

Tensile strength of the sheath after ageing

The ageing regime shall be 7 days at 100 °C + 2 °C. The tensile strength shall not be less than

70 % of

3.5.6

the unaged value.

Sheath pressure test at high temperature

Not app

3.5.7

The ben
the over

3.5.8

Not app

3.5.9

If requir
perform

3.5.10

If requir
perform

3.5.11

If requir
perform

3.5.12

If requir
perform

fcapte:

Cold bend test of the cable

Heat shock test

icable.

bd by local reg
ed in accordan

3.5.13

Under c

3.5.14 Combined flame and smoke test

Under c

ding test shall be carried out at —20 °C = 2 °C. The mandte
all diameter of the cable. There shall be no cracks in thé

il specification, the test

onsideration.

onsideration.

4 Introduction to the blank detail specification

ight times

shall be

shall be

shall be

shall be

The blank detail specification for cables described in this standard is published as IEC 61156-6-1
and should be used to identify a specific product.
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