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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL COMMUNICATIONS WITH
TRANSMISSION CHARACTERISTICS UP TO 600 MHZ -

WORK AREA WIRING - SECTIONAL SPECIFICATION

FOREWORD

1) The|IEC (International Electrotechnical Commission) is a worldwide organization fo izati prising all
natignal electrotechnical committees (IEC National Committees). The object of the 6 tional co-
operption on all questions concerning standardization in the electrical and electropic Y| . Q n addition
to other activities, the IEC publishes International Standards. Their preparatlon is 3 mmittees;
any |EC National Committee interested in the subject dealt with may participa . trnational,
govgrnmental and non-governmental organizations liaising with the IEC al$p partic in thi ionl. The IEC
collgborates closely with the International Organization for Standardizati \{ a ith ponditions
detefmined by agreement between the two organizations.

2) The [formal decisions or agreements of the IEC on technical matie ernational

congensus of opinion on the relevant subjects since each techpfical comnitte interested
Natipnal Committees.

3) The|documents produced have the form of recommendations Aty i i e form of
stanflards, technical specifications, technical e mittees in
that pense.

Standards
tween the

4) In onder to promote international unification, IE
trangparently to the maximum extent possible/i
IEC Standard and the corresponding national

5) The[IEC provides no marking e for any
equi

6) Atte bubject of
pate

This H echnical

conser ocedure

for the H will be

withdrd

IEC-PA , of IEC

technig r.f. connectors and accessofies for

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
e IOIIOWIHg aocurnerit.

Draft PAS Report on voting

46C/466/PAS 46C/475/RVD

Full information on the voting for the approval of this PAS Pre-Standard can be found in the report
on voting indicated in the above table.
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SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL COMMUNICATIONS
WITH TRANSMISSION CHARACTERISTICS UP TO 600 MHz -

WORK AREA WIRING — SECTIONAL SPECIFICATION
1 Scope

This sectional specification relates to IEC 61156-1: Multicore and symmetrical
pair/quad cables for digital communications - Part 1: Generic specification. The
cables described herein are specmcally intended to construct patch, equment and
- 01):
(see

mon
four
iad at

e at

The designation "Category 5e" is usedhekej ' gory

[ C 801
from
both
j for
al requirements, as comparegd to
use in systems utilizing four pairs

(2001). This enhanced cabl
the Category 5 cables descyi
Category 5 and 5e cables
Class D channe
Category 5, whi
transmitting simult

Cable Designati Maximum Reference Channel Designation
/\ Frequency [MHZz]

\ Category 52—~ 100" D
\ \Qaté@r% 250 E

\‘ Cé{egory 7 600 F
E\I\/Some characteristics are measured up to 125 MHz, in order to

comply with IEEE’s request to specify the electrical performances up to a
freqdency 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 4 pairs simultaneously. In this
sense, this specification provides the cable characteristics required by system
developers to evaluate new systems.

Under static conditions, the cables shall operate in the temperature range from
-40 °C to +60 °C. The temperature dependence of the cables is specified for
screened and unscreened cables, and should be taken into account for the
design of an actual cabling system. Patch cables are susceptible to moisture
pick-up. This in turn impacts also on the attenuation. Therefore the maximum
increase in attenuation due to long term exposure to humidity is specified.
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1.2

1.3

21

2.2

2.2

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.
Reference documents

IEC 60189-1:1986, Low-frequency cables and wires with PVC insulation
PVC sheath. Part 1: General test and measuring methods

and

IEC 60304:1982, Standard colours for insulation for low-frequ
wires

ency cables

IEC 61156-1:2000, Multicore and symmetrical pair/quag d
communications - Part 1: Generic specification

IEC 61158-5:2000, Digital data communication 3SL ent and con
Fieldbus for use in industrial control syste t.5.2Applicatioh Layer Se

definition

premises

Installation considerations

Definitiois, :

Definition

The choice of materials and cable construction shall be suitable for the intern

and

gital

trol -
rvice

mer

ded

application and installation of the cable. Particular care shall be taken to

neet

any special requirements for fire performance (such as burning properties,

smoke generation, evolution of halogen gas etc.).
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2.2.2 Cable construction

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

2.2.3 Condu

The co

2.2.4

- fluor

insulati

NOTE

- polyolefin

- low-smoke z€exo

The insulation m
completei

ctor

nductor shall consist of annealed copper.

The conductor shall be solid or stranded annealed copper conductor, in

opolymer

It is acceptable to mark or stripe the "a" wire with the colour of the "b" wire to fac|

P+ '
urmoatutt.

0,4
IS,

bper
. In

ial.

The
the
s of

ond

litate

sy
pallt 1TacTi

2.2.6 Cable element

The ca

ble element shall be a pair or quad adequately twisted.
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2.2.7 Screening of cable element

When required the screen for the cable element shall be in accordance
2.2.7 of IEC 61156-1.

2.2.8 Cable make-up

with

A cross web or any other spacer may be used to separate the cable elements.
The cable elements, including cross webs or spacers, shall be assembled to

form the cable core.

2.2.

2.2

The core of the cable may be wrapped with a protective layer Nn-hygrosd
material.

D Screening of cable core
When required by the relevant detail specificatign,\a able

shall be provided.
The screen shall be in accordance with 2

10 Sheath

The sheath material shall consist ofa efmoplastic material.

uous, having a thickness as uniform as possible. A
provided. When provided, the ripcord shall be

The colour of the sheath is not specified, but it should be stated in the rele

opic

core

non-
non-

vant

detail specification.

2.2.12 Identification

The cable shall be identified as to the manufacturer, and when required, the
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.

year
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Additional markings, such as length marking etc., are permitted on the cable
sheath. If used, such markings should be indicated in the relevant detail
specification.

2.2.13 Finished Cable

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

3 Characteristics and requirements

3.1 General remarks

3.2.| Electrical characteristics

The tests shall be carried outon a c less

otherwise specified.
3.2.1 Conductor resistance

loop

3.2.2

3.2.3

are
with
vels
és shall be 0,7 kV a.c. for one minute or, alternately, 1,7 kV a.g. for

in these ca
2.9.

3.2.4 Insulation resistance

The test shall be performed both on: -  conductor/conductor
- conductor/screen (when present)
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3.2.5

3.2.6

—6-—

The minimum insulation resistance at 20 °C shall not be less than 5 000 MQ[Km.

Mutual capacitance

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

detail specification.

Capacitance unbalance pair to ground

The maximum capacitance unbalance pair to ground shall not exceed

1. 600 nE/km at 9 fraaniancevof 1 kH=
o U -PHHRata-HeqUB RGO+ 1—KHZ:

3.2.y

3.2.8

3.3

3.3.

3.3.1.1 Velocity of propagation

Transfer impedance

Table 2

Frequency

[ MHz ]

Max. surfacelr\a sfe@pe&q}[\mﬁ/ m ]

/\Graﬂ& Q Grade 2

>\/
SN SON w0

100

300

1000

specified.

not

wise

The minimum velocity of propagation for any pair within the cable is equal to or
greater than 0,6 ¢ for all frequencies between 4 MHz and the maximum
referenced frequency. This value is given only for information purposes (see

3.3.1.2).

NOTE The velocity of propagation, group velocity and phase velocity 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.
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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 equal to or smaller than:

Delay = 534 + % [ns/100m] (1)

Where f is the frequency in MHz.

Differential delay (delay skew) is the difference in delay betw ny twe pairs.

3.3.1.3 Differential delay (delay skew)
When the delay is measured at 10 £ 2 °C and/40. & imum
differential delay (delay skew) between any twe N0 gture
shall not be greater than 45 ns/100 m for all c& 8NCy range from
4 MHz to the maximum referenced frequer

3.3.1.4 Environmental effects

ture
from

din
sing

pect

[ dB/100m] 2)
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Table 3
Cable Increase of Frequency Constants
designation attenuation Range a b c
[%] [MHZz ]

Category 5e 4-125 2,360 0,028 0,120
Category 6 20 4 — 250 2,184 0,020 0,300
Category 7 4 - 600 2,160 0,012 0,240

Category 5e 4-125 2,866 0,033 0,300
Category 6 50 4 — 250 2,730 0,026 0,375
Category 7 4 - 600 2,700 0,015 0,300

Eaor Cataoaaons EBEa cablac tha fraciianeoyvy ranan hac hann AviandA~d by, 28 to
LA | Vut\luvly vv LVAviILvo, UUTuv ||\J\1U\J| IU] T |u\J naao Vool UALTUTTUUU ”y —J 0

125 Hz. In this case values above 100 MHz are for information~qnly.

NOTE 1 The increase of attenuation refers to an increase of the ajtéquatidn ofsira batch
cables with respect to solid horizontal cables. This increase is algo re ing”.

NOTE 2 For channels, or for cascaded cables with differing impeda Wi stinct
impedance roughness, the term insertion loss is used (se ; . term
insertion loss refers to inserting a device under test betw aload. Only|if the
generator, the device under test, and the load have are we talking sfrictly
speaking about “attenuation”.

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

The values in Table 4 are forinf 3 nt of
attenuation at 1 MHz on a | are
given in brackets for reference
| AttepuatioratZ0 °C [dB /100 m ]
Frequenc N "\ Cable designation
< <20 %ncrease of attenuation 50 % Increase of attenugtion
[MHz] Lategory5e-}-Gategory 6 | Category 7 | Category 5e | Category 6 | Category 7
1 N\ 2, [25] [2,4] [3,2] [3,1] [3,0]
4 \ 49 4,6 4,5 6,0 58 5,6

N8 7,2 7,0 9,5 9,0 8,8

10
6\ N 99 9,1 8,9 12,1 11,4 11,1

N0 N\ A 10,2 10,0 13,5 12,8 12,4

312 N 14,1 12,9 12,5 171 16,1 15,6
62,5 20,4 18,6 17,9 248 233 223
100 26,4 23,9 22,8 32,0 29,9 285
125 F29-9 26-9 257 F36-21 33.8 32,1
200 34,9 33,0 43,8 41,2
250 39,6 37,2 497 465
300 41,0 51,3

600 60,1 75,1
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3.3.2.1 Temperature effects

3.3.22—Environmental-effeets

3.3.

The increase in attenuation due to elevated temperature shall not be greater
than 0,4 %/ °C in the frequency range from 1 MHz to 250 MHz and 0,6 % / °C
for frequencies above 250 MHz for unscreened cables and 0,2 % / °C for
screened cables.

The method for determining compliance with this requirement is under
consideration.

humidity of 95 % minimum.

The method for determining attenuation incred
humidity and compliance with this requirepr i

Unbalance attenuation

The minimum unbalance attenu 8 S or
TCL) shall be equal to or greate ) ) for

©)

TCL = @ 10 X |
<\ Table 5

< Cab@ Cﬁt\egcyr} Frequency Range for TCL [ MHz ]
tgtebo\ry 5e 1-100

AN \Ca}teg’orya 1-200
\ }Iategory 7 1-200
NOTE- Unbalahce attenuation near-end (TCL) for Category 7 at frequencies greater|than

200"MHz is for further study.

Equatfever unbatance attenuation far-end (Equat fevel transverse conversion
transfer loss or EL TCTL) is specified with common mode signal injection, while
measuring the differential mode signal.

The minimum equal level unbalance attenuation far-end (EL TCTL) for all
categories shall be equal to or greater than the value obtained from equation (4)
for all frequencies in the range from 1 to 30 MHz. The formula for the EL TCTL
is:

EL TCTL =35, - 20 x log,, (f) [dB] @)
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For 1 to 30 MHz and for all Categories
3.3.4 Near-end cross-talk

When measured in accordance with IEC 61156-1 the worst power sum near-end
cross talk, PS NEXT, of any pair in the frequency range indicated in Table 6 shall
be equal to or greater than the value obtained from equation (5) using the
corresponding value of PS NEXT(1) given in Table 6.

PS NEXT(f)=PS NEXT(1)\ =15xlog(f)
v bl W v hian I W v I10 T

0%
(/9]

()

Where:
Table 6 N
Cable designation Frequency range [MHZz] \P&X{}‘I\)\
Cat. 5¢ 4-125 \ \\\
g

Cat. 6 4 - 250 \\\}2

Cat. 7 4 - 600 ( R N 99,4
For Category 5e cables, the g cy ang%gf;)%n extended by 25 % to
125 MHz. Values above 100 7 in ation only and are given in
brackets
The values giverNn cmr nation only. For those frequencies where
the calculated|value.of i ter than 75 dB, the requirement shall be

75 dB.

<>

Table 7

‘RS’NEXT [ dB for 100 m ]
\RT\QN oy N_ Cable designation
Category 5e Category 6 Category 7
62 72 75
Q 53 63 75
\1b\/ 47 57 75
6 44 54 75
20 43 53 75
31,25 40 50 75
625 35 45 72
100 32 42 69
125 [31] 41 68
200 38 65
250 [36] 63
300 62
600 58

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

When measured in accordance with IEC 61156-1 the worst pair power sum
equal level far-end cross talk, PS EL FEXT, of any pair in the frequency range
indicated in Table 8 shall be equal to or greater than the value obtained from
equation (6) using the corresponding value of the PS EL FEXT(1) given in Table 8.

PS EL FEXT(f) = PS EL FEXT(1) - 20 xlog,, (f)

Where:

[dB for100m]

©)

el 1ol fal
1'adlIc O

Cable designation Frequency range [MHZz]

PS EL FEXT{Y), [dB)1

0 m]

Cat. 5e 4-125 /\Q\\ (e
Cat. 6 4 - 250 \ \ &Q\)
Cat. 7 4 - 600 \\\ \goMs.)

Far Category 5e cables, the frequency range h
125 MHz. Values above 100 MHz are (for (i

frequencies where the cal
the requirement shall be 75

een exténded by 25
ormationnonly and are give

o to
nin
Nose
dB,

¢\, ~PSEDEEXT [gB'for 100 m]
Frequenc N Cable designation

(MHz)) \Qa\te\gor 56 Category 6 Category 7

NS N &5 75

N 49 53 68

}q\ \/\\41 45 60

16\ N/ 37 41 56

/ 2\\ \ 35 39 54

N\ 31250\ 31 35 50

\ \62\\5\ \ 25 29 44

\Moo\ 21 25 40

\1{5 ) 19 23 38

200 19 34

250 17 32

oUVU ouU

600 24

The minimum pair-to-pair EL FEXT for any pair combination shall be at least

3 dB better than the PS EL FEXT for any pair.



https://iecnorm.com/api/?name=7aa4eb76d791bc04e314737182c4c699

Copyright © 2001, IEC -12 -
3.3.6 Characteristic impedance

3.3.6.1 Open/short circuit impedance (Input impedance)

The magnitude of the input impedance, when measured in a swept frequency
mode (open- short circuit method per 3.3.6.2.2 of IEC 61156-1) over the
frequency range from 4 MHz to the maximum referenced frequency shall meet

the requirements given in Table 10.

Table 10
Input impedance [Q]
Frequency range Cable designation
[MHZ] Category 5e Category 6 Category 7

4-100 N+ 15 N+ 15 ( N#15

100-250 Nt22 V]~ W22

200 - 600 AN e X Nx 25
N= Nominal impedance s
Measurement of input impedance is not required mean charactefistic
impedance of 3.3.6.2 is measured.

3.3.6.2 Function fitted impedance / mear
When measured or
3.3.6.3/3.3.6.2.3-5 of IEC 61156 Il be
within +5 % of the requestec
3.3.7 Return loss
When measu turn
loss of ai al to
or greater tha
Table 11
é&g teg\w} Frequency Range Return Loss

NN [MHz] [dB]

N \W 4-10 20,0 + 5,0 xlogyo (f)

All 10 - 20 25,0
Category 5e 20 -125 25,0 — 8,6 xlog, (f/R0)
Category 6 and Category 7 20 - 250 25,0 — 8,6 xlogy (f/20)
Category 7 250 - 600 25,0 — 8,6 xlogy (f/20) (f.f.s.)

For Category 5e cables, the frequency range has been extended by 25 % to

125 MHz. Values above 100 MHz are for information only.
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3.3.8

Screening attenuation

Two grades of performance are recognized for screening attenuation. Screening
attenuation is a part of the coupling attenuation. When measured separately,
using the absorbing clamp method, the screening attenuation for containing a
screen in the frequency range from 30,0 MHz to the maximum referenced
frequency shall be equal to or greater than the values indicated below:

For Grade 1 cables: =60dB
For Grade 2 cables: 240 dB

3.3.9

3.4

There are no requirements for unscreened cables.

Coupling attenuation

hen
the
shall

Three types of performance are recognized for
measured using the absorbing clamp method,
frequency range from f=30,0 MHz to the maxi
be equal to or greater than the values indi

Table A2

Coupling attenuation @m éngi (] )\Qoupling attenuation|[dB]
Type Z]

Type | /& 30 100 > 85,0

W > 85,0 — 20 x logqo ( {100 )
fre

Type lI \( 30 1007 > 55,0

%\h&nﬂfaxmum > 55,0 — 20 x logyo ( {100 )
referenced frequency

Typt "30 - 100 > 40,0
100to the maximum > 40,0 — 20 x logyo ( f{100)

referenced frequency

chanicaka Mnsional characteristics and requirements
uirements

Theoverall'diameter of insulation, the nominal thickness of the sheath and the
maximum overall diameter of the sheath are not specified, but shall be indicated

3.4.2

HNE 1Y ralaviant daotall canaaifiaatoan
mrurc 1o vdalit ucidall O'JU\;IIIL;GLIUI 1.
Elongation at break of the conductor

The minimum elongation of the conductor of the completed cable shall be 8 %.
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