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FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electro-
technical Commission) form the specialised system for worldwide standardization. National
bodies that are members of ISO or IEC participate in the development of International
Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of
mutual interest. Other international organizations, governmental and non-governmental, in

lia

ison with ISO and IEC, also take part in the work.

In
m
ar
ag

In
IS
Td

TH
st
m

TH
m
@]

—

an

Arl
AT

e circulated to national bodies for voting. Publication as an International Standard requir
proval by at least 75 % of the national bodies casting a vote.

chnology Equipment.

hndards listed in annex G. It refers to International Standards for components and tg
bthods whenever an appropriate International Standard was@available.

is consolidated version of ISO/IEC 11801 is based .an‘the first edition (1995), its amer
bnts 1 (1999) and 2 (1999) and the corrigendum 1 (December 1996) and the corrigendum
ine 1997).

bears the edition number 1.2.

vertical line in the margin shows where the base publication has been modified
nendments 1 and 2, and corrigenda ,and 2.

nexes A, B and C form an integral part of this International Standard.
nexes D, E, F, G, H and J are for information only.

the field of information technology, ISO and IEC have established a joint technical Com-
ttee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committpe

ernational Standard ISO/IEC 11801 was prepared by the Joint Technical Committge
O/IEC JTC 1, Information Technology, Subcommittee 25, Interconnection of Informatipn

is International Standard has taken into account requirements’ specified in applicatipn

st

d-
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INTRODUCTION

E)

Within customer premises, the importance of the cabling infrastructure is similar to that of
other fundamental building utilities such as heating, lighting and mains power. As with other
utilities, interruptions to service can have serious impact. Poor quality of service due to lack of
design foresight, use of inappropriate components, incorrect installation, poor administration or
inadequate support can threaten an organisation's effectiveness.

H|stor|cally, the cablmg W|th|n a premlses comprlsed both appllcatlon specific and multlpurpose

d)

TH

a)

b)

c)

TH
ge
ge
de

cabling systems. (As*a result, generic cabling defined within this International Standard

ta

—

bling; these instances should be minimised.

is International Standard provides:

users with an application independent generic cabling system and an lgpen market
cabling components;

users with a flexible cabling scheme such that modifications are both’€asy and economic4

building professionals (for example, architects) with guidance allowing the accommodati
of cabling before specific requirements are known; that is, in.the initial planning either 1
construction or refurbishment;

industry and applications standardisation bodies with¢aycabling system which suppo
current products and provides a basis for future product’development.

is International Standard specifies a multi-vendor cabling, and is related to:

International Standards for cabling components developed by committees of the IEC;
example, copper cables IEC/TC 46 1), copper connectors IEC/TC 48, optical fibre cabl
and connectors IEC/TC 86;

applications developed by the sub-committees of ISO/IEC JTC 1 2 and study grou
of ITU-T 3): for example, LANs: ISO/IEC JTC 1/SC 6 and SC 25/WG 4 4); ISDN: ITU
SG 13 5);

planning and installation guides-for the implementation and use of generic cabling systems.

e applications listed in @nmex G have been analysed to determine the requirements fof
neric cabling system.(These requirements, together with statistics concerning premis
ography from differént countries and the model described in 6.1.1, have been used
velop the requirements for cabling components and to stipulate their arrangement i

geted at, but-hot limited to, the general office environment.

s anticipated that the generic cabling system defined by this International Standard will ha
ife expectancy in excess of 10 years.

neric cablmg Certaln cwcumstances may Warrant the mtroductlon of appllcatlon speC|'

or
l;
pon

or

rts

or

PS
T

[

es
to
to
S

1)
2)

3)
4)
5)

International Electrotechnical Commission — Technical Committee 46

International Organization for Standardization/International Electrotechnical Commission — Joint Techni
Committee 1

International Telecommunication Union — Telecommunications
Subcommittee 25 — Working Group 4
Study Group 13

cal
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INFORMATION TECHNOLOGY —
GENERIC CABLING FOR CUSTOMER PREMISES

1 Scope

International Standard ISO/IEC 11801 specifies generic cabling for use within commercial

premises, which may comprise single or multiple buildings on a campus.

The International Standard is optimised for premises having a geographical span'of up
3 P00 m, with up to 1 000 000 m2 of office space, and a population between 50-and 50 O

to
00

pgrsons. It is recommended that the principles of this International StandardCbe’ applied [to
ingtallations that do not fall within this range.

Cabling defined by this International Standard supports a wide range’of services includihg
vdice, data, text, image and video.

This International Standard specifies:

a)| the structure and minimum configuration for generic cabling 1) ,

b)| implementation requirements,

c)| performance requirements for individual cabling links”and

d)| conformance requirements and verification prgcedures.

Although safety (electrical, fire, etc.) and Electromagnetic Compatibility (EMC) requirements

arp outside the scope of this International -Standard, and may be covered by other standar
arld regulations, information given in this International Standard may be of assistance
meeting these requirements.

ds
in

1

Cables and cords used to connect application specific equipment to the generic cabling system are outside of
the scope of this standard. Since they have significant effect on the transmission characteristics of the channel,
assumptions and guidance are provided on their performance and length.
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Normative references

The following normative documents contain provisions that, through reference in this text,
constitute provisions of ISO/IEC 11801. At the time of publication, the editions indicated were
valid. All normative documents are subject to revision, and parties to agreements based on this
International Standard are encouraged to investigate the possibility of applying the most recent
editions of the normative documents indicated below. Members of IEC and ISO maintain

re

IE

gisters of currently valid International Standards.

60068-1:1988 Rasic environmental fpcfing ’nrnm:!rhlrpc — Environmental fncfing — _Part

1:

G

IE
he

IE
gy

C

C

IE
C
Tr

m

IE
P4

1=
45

IE
o

IE
pn
lole
A

bneral and guidance

C 60068-2-2:1974, Basic environmental testing procedures — Part 2: Tests — Tests’ B: [
at

C 60068-2-6:1982, Basic environmental testing procedures — Part 2: Tests— Tests Fc &
idance: Vibration (sinusoidal)

C 60068-2-14:1984, Basic environmental testing procedures —Part 2: Tests — Test
pange of temperature

C 60068-2-38:1974, Basic environmental testing procedures — Part 2: Tests — Test Z/A
bmposite temperature/humidity cyclic test

C 60068-2-60 TTD:1990, Basic environmental testing procedures — Part 2: Tests — Test K
Drrosion tests in artificial atmosphere at very lowconcentration of polluting gas(es) [Techni
end Document]

C 60096-1:1986, Radio-frequency cabless— Part 1. General requirements and measur
bthods

C 60189-1:1986, Low-frequency cables and wires with p.v.c. insulation and p.v.c. sheath
rt 1: General test and measuring methods

C 60227-2:1979, Polyvinyl/chloride insulated cables of rated voltages up to and includi
0/750 V — Part 2: Test methods

C 60512-1:1994(~Electromechanical components for electronic equipment; basic test
pcedures and‘measuring methods — Part 1: General

C 60512¢2)1985, Electromechanical components for electronic equipment; basic test
pcedures and measuring methods — Part 2: General examination, electrical continuity a
ntatt'resistance tests, insulation tests and voltage stress tests

nendment 1 (1988)

N:

D:

al

ng
nd

IEC 60603-7:1990, Connectors for frequencies below 3 MHz for use with printed boards —
Part 7: Detail specification for connectors, 8 way, including fixed and free connectors with
common mating features

IEC 60708-1:1981, Low-frequency cables with polyolefin insulation and moisture barrier
polyolefin sheath — Part 1: General design details and requirements

IE

IE

C 60793-1:1992, Optical fibres — Part 1: Generic specification

C 60793-1 (all parts), Optical fibres — Part 1: Generic specification
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IEC 60793-2:1992, Optical fibres — Part 2: Product specifications
IEC 60794-1:1993, Optical fibre cables — Part 1: Generic specification
IEC 60794-2:1989, Optical fibre cables — Part 2: Product specifications

IEC 60807-8:1992, Rectangular connectors for frequencies below 3 MHz — Part 8: Detail
specification for connectors, four signal contacts and earthing contacts for cable screen

ed

IE[C608TII-I-1:1993, Common test methods for insulating and sheathing materials of elec
cgdbles — Part 1: Methods for general application — Section 1: Measurement of thickness: &
oVerall dimensions — Tests for determining the mechanical properties

IEIC 60874-1:1993, Connectors for optical fibres and cables — Part 1: Generic specification

IEIC 60874-10:1992, Connectors for optical fibres and cables — Part 10: Sectional specificat
for fibre optic connector — Type BFOC/2,5

IEIC 60874-14:1993, Connectors for optical fibres and cables — Part-14: Sectional specificat
fof fibre optic connector — Type SC

IEIC 60874-19 (all parts), Connectors for optical fibres and cables

IEC 61035-1, Specification for conduit fittings for electrical installations — Part 1: Gene
reguirements

IEIC 61073-1:1994, Splices for optical fibressand cables — Part 1: Generic specification
Hardware and accessories

IEC 61156-1:1994, Multicore and symmetrical pair/quad cables for digital communications
Part 1: Generic specification

IEIC 61280-4 (all parts), Fibre_optic communication subsystem basic test procedures — Part|
Fipre optic requirements

IEC 61935-1,— Generic specification for the testing of generic cabling in accordance W

ISO/IEC 11801 — PartA: Test methods 1)

ISO/IEC 88025:1992, Information technology — Local and metropolitan area networks — Part
Taken ring-access method and physical layer specifications

CISPR '22:1993, Limits and methods of measurement of radio disturbance characteristics
information technology equipment

ric
nd

ral

4:

of

ITU-T Rec. G.117:1988, Transmission aspects of unbalance about earth (definitions a
methods)

nd

ITU-T Rec. G.650:1993, Transmission media characteristics — Definition and test methods for

the relevant parameters of single-mode fibres

ITU-T Rec. G.651:1993, Characteristics of a 50/125 um multimode graded index optical fibre

cable

1) To be published.
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ITU-T Rec. G.652:1993, Characteristics of a single-mode optical fibre cable

ITU-T Rec. 0.9:1988, Measuring arrangements to assess the degree of unbalance about earth

3 Definitions and abbreviations

3.1 Definitions

For the purposes of this International Standard, the following definitions are applicable.

3.L.1

afgplication

a pystem, with its associated transmission method which is supported by telecommunicatio
cabling

.2
lanced cable
Cable consisting of one or more metallic symmetrical cable elements.(twisted pairs or quad

LT W
Q

3.L.3

bdilding backbone cable

a [cable that connects the building distributor to a floor distributor. Building backbone cabl
may also connect floor distributors in the same building

3.1.4

bdilding distributor

a fistributor in which the building backbone, caple(s) terminate(s) and at which connections
the campus backbone cable(s) may be made

3.L.5

bdilding entrance facility

a facility that provides all necessary mechanical and electrical services, that complies with
relevant regulations, for the entry of telecommunications cables into a building

3.1.6

cgble

ar] assembly of one“or’more cable units of the same type and category in an overall sheath
may include an overall shield

3.L.7

cable element

the smallest construction unit (for example pair, quad, or single fibre) in a cable. A ca
element may have a shield

all

ple

3.1.8
cable unit

a single assembly of one or more cable elements of the same type or category. The cable unit

may have a shield

NOTE A binder group is an example of a cable unit.

3.1.9
cabling

a system of telecommunications cables, cords, and connecting hardware that can support the

connection of information technology equipment


https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

IS

O/IEC 11801:1995 -5-

+A1:1999+A2:1999(E)

3.1.10
campus
a premises containing one or more buildings

3.1.11

campus backbone cable
a cable that connects the campus distributor to the building distributor(s). Campus backbone
cables may also connect building distributors directly

3.1.12

chpus distributor

th

ch
th
Eqd

fld
th
ed

3.

gqg
a

JL.13

.14

.15

.16

JL17

.18

b distributor from which the campus backbone cabling emanates

annel
b end-to-end transmission path connecting any two pieces of application specific equipme
uipment and work area cables are included in the channel

Dss-connect
acility enabling the termination of cable elements and their connection, primarily by means
tch cords or jumpers

Stributor
b term used for the functions of a collection of gemponents (such as, patch panels, pat
rds) used to connect cables

uipment cable
cable connecting equipment to a distributor

uipment room
oom dedicated to housingdistributors and application specific equipment

or distributor
e distributor usedto connect between the horizontal cable and other cabling subsystems

uipment. (See telecommunications closet)
.19
nericieabling

structured telecommunications cabling system, capable of supporting a wide range

of

or

of

a

nlications. Generic _cablina can he installed without nrior knowledae of the reqguir
T ~ T ~J 1

ed

applications. Application specific hardware is not a part of generic cabling

3.1.20
horizontal cable
a cable connecting the floor distributor to the telecommunications outlet(s)

3.1.21

hybrid cable
an assembly of two or more different types of cable units, cables or categories covered by an
overall sheath. It may be covered by an overall shield
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3.1.22
individual work area
the minimum building space which would be reserved for an occupant

3.1.23

interconnect
a location at which equipment cables are terminated and connected to the cabling subsystems
without using a patch cord or jumper

3.1.24

E)

lin
th
an

of

erface
point at which connections are made to the generic cabling

.25

mper
cable unit or cable element without connectors, used to make a connection on a crog
nnect

JL.26

ying

mechanical feature of a connector system, which guarantees correct orientation of
nnection, or prevents the connection to a jack or optical fibre adapter of the same ty|
ended for another purpose

JL.27

k
P transmission path between any two interfaces. of generic cabling. It excludes equipme

d work area cables
.28

tical fibre cable (or optical cable)

cable comprising one or more optical fibre cable elements
.29

tical fibre duplex adapter

mechanical device designed to align and join two duplex connectors
.30

tical fibre duplex-.eonnector

mechanical /termination device designed to transfer optical power between two pairs
tical fibres

J.31

ir;

S_

he

of

DT W
Q

wisted pair or ane side circuit (two diametricallv facina conductors) in a star guad
T \ 7 ~ 7 1

3.1.32
patch cord
flexible cable unit or element with connector(s), used to establish connections on a patch panel

3.1.33

patch panel
a cross-connect designed to accommodate the use of patch cords. It facilitates administration
for moves and changes
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3.1.34

permanent link
the transmission path between two mated interfaces of generic cabling, excluding equipment
cables, work area cables and cross-connections

3.1.35

public network interface
a point of demarcation between public and private network. In many cases the public network
interface is the point of connection between the network provider's facilities and the customer
premises cabling

3.1.36
gyad
see star quad

3.1L.37

Si
S€

sh
an
el

3.
sh
an
sh
W

3.

sP
a

3.
st
a

fa

N(
elg

3.
te
a

e circuit
e pair

.38

ielded cables

assembly of two or more balanced twisted pair cable elements; or one or more quad cable

bments, wrapped by an overall screen or shield contained within a common sheath or tube

.39
ielded twisted pair cables

electrically conducting cable comprising one or more elements, each of which is individuglly

ielded. There may be an overall shield, in which>case the cable is referred to as a shield
sted pair cable with an overall shield

.40
lice
oining of conductors and fibres, genérally from separate sheaths

.41

hr quad

cable element which comprises four insulated conductors twisted together. Two diametricg
Cing conductors form(ajtransmission pair

TE Cables containing~star quads can be used interchangeably with cables consisting of pairs, provided
ctrical characteristicS meet the same specifications.

.42
ecommuinications

branch>of technology concerned with the transmission, emission and reception of sign

ed

y

he

S,
or

sifnals, writing, images and sounds; that is, information of any nature by cable, radio, optical

otherelectromagnetic systems. The term telecommunications has no legal meaning when us

in

this International Standard

3.1.43

telecommunications closet
an enclosed space for housing telecommunications equipment, cable terminations, and cross-
connect cabling. The telecommunications closet is a recognized cross-connect point between
the backbone and horizontal cabling subsystems

3.1.44

telecommunications outlet
a fixed connecting device where the horizontal cable terminates. The telecommunications
outlet provides the interface to the work area cabling

ed
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3.1.45

transition point

a location in the horizontal cabling where a change of cable form takes place; for example flat
cable connects to round cable or cables with differing numbers of elements are joined

3.1.46

twisted pair

a cable element which consists of two insulated conductors twisted together in a regular
fashion to form a balanced transmission line

3.1.47

urjshielded twisted pair cable
arn electrically conducting cable comprising one or more pairs none of which is shielded:"Thgre
may be an overall shield, in which case the cable is referred to as unshielded twisted pair wjth
ar] overall shield

3.1.48
work area
a puilding space where the occupants interact with telecommunicationSterminal equipment

3.1.49
work area cable
a table connecting the telecommunications outlet to the terminal equipment

3.P Abbreviations

a.t. alternating current

ACR Attenuation to Crosstalk Ratio

B Building Distributor

BEF Building Entrance Facilities

BFOC Bayonet Fibre Optic Connector

B{ISDN Broadband ISDN

BRI Basic Rate 4SDN

CD Campus-Distributor

c speed-of-ight

CISPR International Special Committee on Radio Interference
C$MA/CD Carrier Sense Multiple Access with Collision Detection
d.c. direct current

DCE Data Circuit Terminating Equipment

DTE Data Terminal Equipment

DUT Device Under Test

EME Electromagnetic Compatibility

E M Etectromagneticinterference

ER Equipment Room

FD Floor Distributor

FDDI Fibre Distributed Data Interface

f.f.s. for further study

FOIRL Fibre Optic Inter-Repeater Link

FWHM Full Width Half Maximum

IC Integrated Circuit

IDC Insulation Displacement Connection

IEC International Electrotechnical Commission
ISDN Integrated Services Digital Network

ISO International Organization for Standardization
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ITU-T International Telecommunication Union — Telecommunications (formerly
CCITT)

JTC Joint Technical Committee

LAN Local Area Network

LCL Longitudinal Conversion Loss

LCTL Longitudinal Conversion Transfer Loss

N/A Not Applicable

N-BNC N type to BNC Convertor

NEXT Near End Crosstalk

OTDR Optical Time Domain Reflectometer

PBX Private Branch Exchange

PDAM Proposed Draft Amendment

PWVID Physical Layer Medium Dependent

PYC Polyvinyl chloride

SC Subscriber Connector (optical fibre connector)

SC-D Duplex SC connector

STI Surface Transfer Impedance

TC¢ Telecommunications Closet

TDR Time Domain Reflectometer

TO Telecommunications Outlet

TR Transition Point

4 | Conformance

Far a cabling installation to conform to this International Standard the following applies.

a)| The configuration shall conform to the requirements outlined in clause 5.
b)|] The interfaces to the cabling shall conform to the requirements of clause 9.

c)| The entire system shall be compased of links that meet the necessary level of performan
specified in clause 7. This shall be achieved by installing components which meet t
requirements of clauses 8 and 9, according to the design parameters of clause 6, or by
system design and implementation ensuring that the prescribed performance class
clause 7, and the reliability requirements of clause 9, are met.

d)| System administration-shall meet the requirements of clause 11.
e)| Local regulations.eoncerning safety and EMC shall be met.

The link performance specified in clause 7 is in accordance with clause 6. The link perfor
arjce is met\when components specified in clauses 8 and 9 are installed in a workmanli
manner afnd)in accordance with supplier's and designer's instructions, over distances
eXceeding those specified in clause 6. It is not required to test the transmission characteristi
of|thedlink in that case.

ce
he

a
of

T]_
ke
ot

Conformance testing to the specifications of clause 7 should be used in the following cases:

a) the design of links with lengths exceeding those specified in clause 6;
b) the design of links using components different from those described in clauses 8 and 9;

c) the evaluation of installed cabling to determine its capacity to support a certain group
applications;

d) performance verification, as required, of an installed system designed in accordance w
clauses 6, 8 and 9.

of

ith

Specifications marked "f.f.s." (for further study) are preliminary specifications, and are not

required for conformance to this International Standard.
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References to the requirements and classifications specified in this International Standard shall
specifically differentiate components and systems conforming to ISO/IEC 11801 (1995) from
those that are qualified according to ISO/IEC 11801 (1995), including amendment 1 (1999) and
amendment 2 (1999), by specifically referencing ISO/IEC 11801 (1995), including amend-
ment 1 (1999) and amendment 2 (1999). For the purpose of component marking and system
identification, it is appropriate to directly reference the year of publication of the second
amendment, or to use a specific designation that provides linkage to it.

5

Structure of the generic cabling system

This clause identifies the functional elements of generic cabling, describes how they:3
cdnnected together to form subsystems, and identifies the interfaces at which applicati
specific components are interconnected by the generic cabling. General requirements

AR
di

TH

G

G

in
to

L Structure

.L.1 Functional elements

.L.2 Cabling subsystems

hdrizontal cabling. The composition of the subsystems are described in 5.1.3, 5.1.4 and 5.1
ThHe cabling~subsystems are connected together to create a generic cabling structure as sho

plementing generic cabling are also provided.

e functional elements of generic cabling are as follows:
Campus Distributor [CD]

Campus Backbone Cable

Building Distributor [BD]

Building Backbone Cable

Floor Distributor [FD]

Horizontal Cable

Transition Point (optional) [TP]
Telecommunications Outlet [TO]

oups of these functionat-elements are connected together to form cabling subsystems.

bneric cabling‘contains three cabling subsystems: campus backbone, building backbone a

figure<Iy¥The distributors provide the means to configure the cabling to support differe
bologies like bus, star and ring.

plications are supported by connecting equipment to the telecommunications outlets ahd
Etributors. The components used to make this connection do not form part.of generic cabling.

on

or

nd
5.
vn
nt
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FD TP 70 Terminal
(Optional) equipment

CD

Campus . Building . Horizontal cabling . Work

backbone ' backbone | subsystem - area
cabling +cabling ! + cabling
subsystem . subsystem . ‘

< P

Generic cabling system

Figure 1 — Structure of generic cabling

5.1.3 Campus backbone cabling subsystem

The campus backbone cabling subsystem extends from“the CD to the BD(s) usually located|in
sgparate buildings. When present, it includes the-gampus backbone cables, the mechani¢al
tefmination of the campus backbone cables (at*both the CD and BD(s)) and the crogs-
cdnnections at the CD. The campus backbone-gable may also interconnect BD(s).

5.1.4 Building backbone cabling subsystém

A [building backbone cabling subsystém extends from BD(s) to the FD(s). The subsystem
ingludes the building backbone ‘cables, the mechanical termination of the building bagk-
bgne cables (at both the BD(s) and FD(s)) and the cross-connects at the BD. The buildihg
bdckbone cables shall not centain TPs; copper backbone cables should not contain splices.

5.1.5 Horizontal cablingysubsystem

The horizontal cablitlg subsystem extends from FD(s) to the TO(s). The subsystem includes
the horizontal cables, the mechanical termination of the horizontal cables at the FD, the crogs-
cdnnections at\the FD and the TOs.

Haorizontal“cables should be continuous from the FD to the TOs. If necessary, one TP|is
pgrmitted between an FD and any TO. The transmission characteristics of the horizon
cabling shall be mamtamed The incoming and outgomg pairs and fibres at the TP shall
connected sO P all
be mechanically termmated The TP shall not be used as a point of administration (that is, not
used as a cross-connect), and application specific equipment shall not be located there. The
TP may only contain passive connecting hardware. Refer to 8.3 for restrictions on the use of
multi-unit cables.

5.1.6 Work area cabling

The work area cabling connects the TO to the terminal equipment. It is non-permanent and
application specific and therefore lies outside the scope of this International Standard.
Assumptions have been made concerning the length and the transmission performance of the
work area cable; these assumptions are identified when relevant.
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5.2 Overall structure

The generic cabling is a hierarchical star structure which may take the form shown in figure 2.
The number and type of subsystems that are included in a generic cabling implementation
depends upon the geography and size of the campus or building, and upon the strategy of
the user. For example, in a campus having only one building the primary distribution point is
the BD, and there is no need for a campus backbone cabling subsystem. On the other hand,
one large building may be treated as a campus, with a campus backbone subsystem and
several BDs. Further information on the application of the cabling structure is given in D.3 of
annex D.

Building backbone
cable

Campus backbong

Horizontal

. bi
Orp o CE

== Optiond cables
- ' Optiond transition point

Figure-2 — Inter-relationship of functional elements

agq shown in figuré-2, and provides the high degree of flexibility needed to accommodate a
variety of applications. Annex D details how to configure various networks within the
bdundaries of‘\the hierarchical star topology. These topologies are established by the intgr-
cgdnnection-ofithe cable elements at cross-connects, and at the application specific equipment.

Fqr some applications, additional direct connections between FDs or BDs are desirable and
arppermitted. The building backbone cable may also interconnect FDs. However, su[zh
connections snall be in addition 10 those required Tor the basic hierarchical star topology.

The functions of multiple distributors may be combined. Figure 3 shows an example of generic
cabling. The building in the foreground shows each distributor housed separately. The building
in the background shows that the functions of the BD and FD have been combined into a single
distributor.

Cjﬁtbles shall be installed’between adjacent levels in the structure. This forms a hierarchical star
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FD

B
BIS

Do
TP optional /

Figure 3 — Example of thé’generic cabling system

ormation about additional cabling for /fault tolerance can be found in annex D.



https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

— 14 - ISO/IEC 11801:1995
+A1:1999+A2:1999(E)

5.3 Location of distributors

Distributors are located in equipment rooms (ER) or telecommunications closets (TC). Figure 4
shows how the functional elements are typically accommodated in a building.

Telecommunications
closets

FD

T0 IX'

X

FD
I: X

T0

Campus
D CD/BD backbone

70 [= X AX g/ cable

/ >

Equipment Buitding Public network
room entrance
facilities

I><| Cross-connect

Figure 4 — Typical;accommodation of functional elements

Cables are placed in appropfiate pathways which may take a variety of forms including ducts,
tupnels, cable trays, etc.
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5.4 Interfaces to the generic cabling system

Interfaces to generic cabling are located at the ends of each subsystem. Application specific
equipment can be connected at these points. Figure 5 shows potential interfaces at the
distributors and TO. Any distributor may have an interface to an external services cable, and
may use either interconnects or cross-connects.

The distance from external services to the CD can be significant. The performance of the cable
between these points should be considered as part of the initial design and implementation of
customer applications.

Terminal
CcD BD FD 10 equipment

External

services D

cable

laterconnect
Equipment Cross Equipment
Connect
Equipment

B Interface to the generic cabling

|| Equipment connector

Figure 5 — Potential interfaces to generic cabling

5.4.1 Public network-interface

Connections te/the public network for the provision of public telecommunications services gdre
made at the public network interface. The location of the public network interface, if presept,
arld the facilities which must be provided may be regulated by national, regional, and logal
regulations. If the public network interface is not connected directly to a generic cabling
inferface the performance of the intermediate cabling should be taken into account. The type|of
crosscconnect and the intermediate cable may be governed by national regulations. Thelse
regulations should be considered in planning the generic cabling.
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5.5 Dimensioning and configuring
5.5.1 Floor distributor
There should be a minimum of one FD for every 1 000 m2 of floor space reserved for offices.

A minimum of one FD should be provided for every floor. If a floor is sparsely populated (for
example, a lobby), it is permissible to serve this floor from the FD located on an adjacent floor.

5.5.2 Preferred cable types for pre-cabling and recommended use

Tabte % givc: gcllclai guiu'ciillt:: |cga|u'i||g theuseofdifferentmediaim= palii\,uial :u'uay:it m
fol pre-cabling before applications used are known.

Table 1 — Recommended media for pre-cabling

Subsystem Media Type Recommended Use
Horizontal Balanced cables Voice and data (see table G.4) 1)
Optical fibre Data (see table G.5) 1)
Building Balanced cables Voice and low to medium speed data
backbone
Optical fibre Medium to high speed data
Campus Optical fibre For most applitations — by using optical fibre —
backbone ground potential differences and other sources
of interference may be overcome
Balanced cables As needed 2)

1) Under certain conditions, (for example, envirghfmental conditions, security concerns, etc.),
installation of optical fibre in the horizontal cabling subsystem should be considered.

2) Balanced cables can be used in the campiis)backbone cabling subsystem in cases when the
bandwidth of optical fibre is not requiredsfor example PBX lines.

5.p.3 Telecommunications outlets

TOs are located on the wall, floor, or elsewhere in the work area, depending on the design|of
the building. The design of_generic cabling should provide for TOs to be installed in readily
adcessible locations throughout the usable floor space. A high density of TOs will enhance the
flgxibility of the cabling to~accommodate changes. In many countries two TOs are provided|to
sgrve a maximum of 20.m2 of usable floor space.

T®s may be presented singly, or in groups, but each work area shall be served by a minimym
of|two.

A [minimum 'of one TO served by 100 Q or 120 Q cable shall be provided at each work areal)
(1p0.Q preferred). Other TOs shall be supported by either balanced cable or by fibre opti¢al
ble2). In the honzontal cabllng at Ieast one TO shall be conflgured as specmed in item b|of

, : : I : or
optlcal class, as |dent|f|ed in 7.1.1. When a TO is supported by balanced cable, 2 pairs3)
or 4 pairs shall be provided at each TO; all pairs shall be terminated. If less than four pairs are
provided, the outlet shall be clearly marked4). Emerging balanced cable applications may be
limited by differential delay of pairs that serve a single telecommunications outlet. See clause 9
for TO specifications that correspond to each of the cables listed above.

1) When the greatest flexibility is desired, four pair or two quad cable should be used (see annex G).

2 When the largest bandwidth is desired the use of optical fibre is recommended.

3) Installation of 2 pairs not capable of forming class D links may limit the applications supported.

4 See annex G for number and performance of pairs needed for different applications and their pin assignment.
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Outlets shall be marked with a permanent label that is visible to the user. Care should be tak

en

that the initial pair assignment, and all subsequent changes, are recorded (see clause 10).

Devices such as baluns and impedance matching adapters, if used, shall be external to t
outlet. Pair reassignment by means of inserts is allowed.

5.5.4 Telecommunications closets and equipment rooms

A TC should provide all the facilities (space, power, environmental control etc.) for passi

he

ve

components, active devices, and public network interfaces housed within it. Each TC should

have direct access to the backbone.

An ER is an area within a building where telecommunications equipment is housed and.fay
may not contain distributors. ERs are treated differently from TCs because of the nature
cdmplexity of the equipment (e.g. PBXs or extensive computer installations). More_than o
distributor may be located in an ER. If a telecommunications space houses more than o
distributor it should be considered an ER.

5.5.5 Building entrance facilities

Byilding entrance facilities are required whenever campus backbene, public and priva
ngtwork cables (including antennae) enter buildings and a transition.is made to internal cablé

It [fomprises an entrance point at a building wall and the pathway leading to the campus
bdilding distributor. Local regulations may require special fa¢ilities where the external cabl

or
or

ne

te
£S.
or
£S

arp terminated. At this termination point, a change from-external to internal cable can take

place.

5.6 Electromagnetic compatibility

Where applicable, International Standards on .electromagnetic emissions and immunity (su
ag CISPR 22), and local regulations shall“be taken into account. Premises cabling
cansidered as a passive system and cannot be tested for EMC compliance individually. T

agtive equipment which is designed for, 6ne specific medium is required to meet relevant EN

standards on this medium.

5.y Earthing and bonding

is
he
1C

Earthing shall meet the requirements mandated by the relevant authorities. Where compatible

with required electrical_cedes, the earthing instructions and requirements of the equipmg

manufacturers should.also be followed.

nt
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6 Implementation

This clause specifies a cabling design that, when properly installed, conforms to the
requirements of this International Standard. The design should be applicable to the majority of
installations. Maximum lengths are defined for the horizontal and backbone cabling subsystems
(see figure 6).

CD BD FD

EQP E EQP
0 0 2 -

x.GKXBF/BE »

)
NAZENNN =
1500 m 500 m 90 m
D C B A
Campus Building Horizontal cable
backbone backbone
cable cable

A+ B + E =< 10 m- combined legth of work area cable, guipment cable nd
patch cord (or jumper) in the horizontal subgystem
C and D = < 20 m patch cord (or jumper) in the BD or, CD
F and G = <30 m - gquipment cable in the BD or CD

Note that all lengths are mechanical legths.

EQP = application specific equipment

NQTE 1 See annex C for further informationnon flexible cables.

NQTE 2 The 10 m (A + B + E) and 30 m (F and G) lengths are strongly recommended, but are of an advispry
najure, because they include equipment cables which are outside the scope of this International Standard.

Figure 6 — Maximum cable lengths

The requirements forthe cabling components to be used within this clause can be found|in
clause 8 (for cables) and clause 9 (for connecting hardware). Balanced cables of 100 Q ahd
170 Q characteristic impedance and the connecting hardware for these cables are specified |oy
categories ofsincreasing performance. The transmission characteristics of category 3, 4 and 5
cdmponents are specified up to 16 MHz, 20 MHz, and 100 MHz respectively.

Cables, and connecting hardware of different categories may be mixed within a subsystem
arjd/or_the cabling link, but the transmission of the link will be determined by the category of the
least performing component.

Cables of different nominal characteristic impedances shall not be mixed within a cabling link.
Optical fibres of different core diameters shall not be mixed within a cabling link.

Multiple appearances of the same conductor or conductors continuing past the point of
termination (bridged taps) shall not exist as part of the cabling system.
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6.1 Horizontal cabling

6.1.1 Horizontal distances

—-19 —

The maximum horizontal cable length shall be 90 m independent of medium (see figure 6).
This is the cable length from the mechanical termination of the cable in the floor distributor to
the telecommunications outlet in the work area.

In establishing the maximum

length of the horizontal

channel,

the optional

use of a

crossconnect or an interconnect places different requirements on the total length of the flexible
cables used I:ignrn Z shows nynmplnc of horizontal channel implnmnnfntinnc which reflect

these differing requirements of maximum cable length.

Channel

A\ 4

Permanent link

EQP[C

(@]
(@]

FD

A

Channel

2 4

Permanent link

EQP[C]

FD

m

| g

AA B+ E =9 m maximum

Figure 7a — Balanced copper horizontal cabling{with crossconnect)

ic] TE

:,
TPOTO |

i
90 mrmax. E
1
]

Channel

A\ 4

Permanent link

A+ E =10 m maximum

Figure 7b —Balanced copper horizontal cabling (with interconnect)

ic] TE

90 m max.

« »

A+ E =10 m maximum

Figure 7c — Optical fibre cabling (with interconnect)

Key

C connection (e.g. plug and jack or mated optical connection)

S optical fibre splice

EQP application specific equipment

NOTE 1 All lengths are mechanical lengths.

NOTE 2 See annex C for further information on flexible cables.

Figure 7 — Examples of horizontal channel implementation
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In figure 7a, the maximum total length of work area cable, equipment cable and patch cord
is 9 m based upon flexible cables with 50 % greater attenuation than the horizontal cable and
includes a crossconnect in the floor distributor. In figure 7b, the maximum total length of work
area cable and equipment cable is 10 m also based upon flexible cables with 50 % greater
attenuation than the horizontal cable and includes an interconnect in the floor distributor. In
both cases the transition point is optional. It is required that the performance of the horizontal
cabling is not degraded by the inclusion of the transition point.

For optical fibre, the implementation is shown in figure 7c. An optical fibre splice, in

ac

cordance with clause 9, is allowed at both ends of the horizontal cable.

S4
ca
re

TH

b)
Al
a)
b)
c)

TH
hg

H)

=

6.

TH
co

a)

.IL.2 Choosing cable types

e clause 9 and annex C for requirements for patch cords and other flexible cablesiIn
ses, equipment cables that meet or have better performance characteristics than patch ca
uirements are recommended.

e following cable types are recommended for use in the horizontal cabling-Subsystem:
eferred:
100 Q balanced cable — (see 8.1).
62,5/125 um multimode optical fibres — (see 8.4).
ernative:
120 Q balanced cable — (see 8.1).
150 Q balanced cable — (see 8.2).
50/125 pm multimode optical fibres — (se€.8.4).
e performance characteristics for, the horizontal cable types, associated connecti

rdware and cross-connects are described in clauses 8 and 9.

Shields or grounded metallic parts are present, refer to clause 10.

.3 Configuring. TOs

e two TOs.in a work area corresponding to the minimum configuration of clause 5 3
nfigured<as'follows.

Onextelecommunications outlet shall be supported by balanced cable category 3 or high
according to 8.1.

all
rd

brid and multi-unit cables that -meet the requirements of 8.3 may be used in the horizontal
cabling subsystem for servingsmore than one TO.

er

b) A second telecommunications outlet shall be supported either by balanced cable of
category 5, according to 8.1, a balanced cable according to 8.2, or an optical fibre cable

according to 8.3.

NOTE See 9.2.5,9.3.5 and 9.4.4 for TO requirements that correspond to each of the cables listed above.


https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

ISO/IEC 11801:1995 —21-
+A1:1999+A2:1999(E)

A typical horizontal and work area cabling scenario is represented in figure 8.

Horizontal Maximum cable length

Cabhng \ JUIMeues

Work areas

Figure 8 — Typical horizontal and work area cabling

6.p Backbone cabling
6.2.1 Physical topology

There shall be no more than two hietarchical levels of cross-connects in the backbone cablipg
to[limit signal degradation for passive systems and to simplify administration in keeping track|of
cgbles and connections. No mare ‘than one cross-connect shall be passed through to reach the
CD when starting from a FD.

A[single backbone cabling cross-connect may meet the cross-connect needs of the entjre
bdckbone subsystem:-Backbone cabling cross-connects may be located in telecommunications
clpsets or equipment rooms. See annex D for guidance on accommodating ring, bus, tree, efc.
cgnfigurationswithin the hierarchical star.

The star_topology is applicable to the cable elements of the transmission medium, such fas
inglividual>fibres or pairs. Depending on the physical characteristics of a site, cable elements
th
dig
that meet the requirements of 8.3 may be used in the backbone cabling subsystem.

An example of the backbone star topology is given in figure 9.


https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

— 22 —

Building backbone

cable
\

cable

D

Campus backbone

ISO/IEC 11801:1995
+A1:1999+A2:1999(E)

TH
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Figure 9 — Backbone star topology

.2.2 Choosing cable types

is International Standard specifies five transmission media; *more than one of these fi
neral types may be present in the backbone cabling. The five media are:

multimode and singlemode optical fibre cable (see 8.4 and 8.5 respectively). T

62,5/125 pm multimode fibre is preferred;

100 Q, 120 Q or 150 Q balanced cable (see 8(1and 8.2 respectively). The 100 Q cable|i
preferred. All high speed applications on copper shall be limited to horizontal distances

specified in 6.1.1.

shields or grounded metallic parts are ptesent, refer to clause 10.

.2.3 Backbone cabling distances
.2.3.1 Floor distributor to building/campus distributor

e maximum backbon€ distance between the CD and the associated distributor in t
ecommunications clgset shall comply with figure 10. Installations that exceed these distan
its may be divided-into areas, each of which can be supported by backbone cabling, th

tisfying the distance requirements of this clause.

CDtoFDmax=2000m

N

'BDtoFD
. max =500 m

N s
o

NOTE These maximum distances are not applicable for all combinations of cabling media and applications. It is
recommended that equipment manufacturers, applications standards, and system providers be consulted before
selecting a backbone medium. See also table 2.

Figure 10 — Maximum backbone distances
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The distance between the CD and FD shall not exceed 2 000 m. The distance between the BD
and FD shall not exceed 500 m. The 2 000 m maximum distance from the CD to the FD may be
extended when using singlemode optical fibre cabling. While it is recognized that the
capabilities of singlemode fibre may allow for end-to-end distances of up to 60 km, CD to FD
distances greater than 3 km are considered beyond the scope of this International Standard.
Note, however, that the infrastructure shall conform to the structural requirements in clause 5.

In the BD and CD, jumper and patch cord lengths should not exceed 20 m. Lengths in excess
of 20 m shall be deducted from the maximum permissible backbone cable length.

6.P.3.2 External services

External services (for example, broadcast services received by antennae) may enter ajcampus
or[building at locations remote from a distributor. The distance between these external service
entry points and the distributor to which the services are connected shall beconsidered|in
ddtermining maximum cable lengths. Regulatory policies within the jurisdiction®which relate|to
the location of the network interface, if any, will also influence this distance. When applicable,
the length and diameter of the media used shall be recorded, and should/be/made available|to
the service provider upon request.

6.p.3.3 Connections to telecommunications equipment

Cables that connect telecommunications equipment, such assa PBX, directly to a CD or BD
hgve been assumed not to exceed 30 m in length. If longer cables are used, the backbope
distances should be reduced accordingly.

7 | Permanent link and channel specifications

7.1l Permanent links and channels
7.1.1 General

This clause defines the permanentilink and channel performance requirements of installed
ggneric cabling. The performance‘ef the cabling is specified for individual permanent links aphd
channels and for two different media types (balanced cables and optical fibre). A tutorial on the
material in this clause is provided in annex F.

The design rules of_clause 6 can be used to create generic cabling links and channgls
cgntaining componenis specified in clauses 8 and 9. It is not necessary to measure every
pdrameter specifiediin this clause as conformance may also be proven by suitable design. The
pgrmanent link-and channel specifications in this clause allow for the transmission of definpd
classes of applications over distances other than those of clause 6, and/or using media ahd
cdmponents with different transmission performances than those of clauses 8 and 9.

The-permanent link and channel performance requirements specified in this clause shall pe
met at each interface specified for each medium.

The performance requirements described in this clause may be used as verification tests for
any implementation of this International Standard, using the test methods defined, or referred
to, by this clause. The permanent link requirements are primarily intended to provide a basis
for the acceptance testing of installed cabling. The channel requirements are primarily for
application developers but are able to be used for troubleshooting where application support is
under development.
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Permanent link and channel performance specifications shall be met for all temperatures at
which the cabling is intended to operate. Performance testing may be carried out at ambient
temperature, but there shall be adequate margins to account for temperature dependence of
cabling components as per their specifications. The effects of ageing should also be taken into
account. In particular, consideration should be given to measuring performance at worst case
temperatures, or calculating worst case performance based on measurements made at other
temperatures.

Care should be exercised in the interpretation of any results obtained from alternative test
methods or practices. When needed, correlation factors should be identified and applied.

7.1.2 Permanent links

The performance of a permanent link is specified at and between interfaces to the link. The
pgrmanent link comprises only passive sections of cable and connecting hardware. A transitipn
pdint may also be included in the horizontal subsystem. Active and passive application specific
hgrdware is not addressed by this International Standard (figure 11).

FD..
TP TO

Om

Permanent link

Figure 11 — Permanent link

Figure 12a shows an example of terminakequipment in the work area connected to a hgst
uging three links; two optical fibre linksJand a balanced cable link. The optical fibre apd
bdlanced cable links are connected together using an optical fibre to balanced cable convertgr,
a |cross-connect and two equipment.:cables. Interfaces to the cabling are at each end off a
pgrmanent link. Interfaces to the.¢abling are specified at the TO and at any point whgre
agplication specific equipmentds connected to the cabling; the work area and equipment cables
arp not included in the permanent link.

Inferfaces to the cabling are at each end of a permanent link. Interfaces to the cabling gre
specified at the TO.and at any point where application specific equipment is connected to the
cabling; the work _area and equipment cables are not included in the permanent link.

NQTE For balane€d cabling the limits for the permanent link in this clause are calculated on the basis of 90 m| of
indtalled cable-and two connections.

7.1.3 ~Channels

The pnrfnrmanr\n of the channel is cpnr‘ifind at-and between-interfaces-to-the channel—The

cabling comprises only passive sections of cable, connecting hardware, work area cords,
equipment cords and patch cords.

Figure 12b shows an example of terminal equipment in the work area connected to a host
using two channels; an optical fibre channel and a balanced cabling channel. The optical fibre
and balanced cabling channels are connected together using an optical fibre to balanced cable
converter. There are four channel interfaces; one at each end of the copper channel, and one
at each end of the optical fibre channel. Equipment connections are not considered to be part
of the channel. All work area, equipment cables and patch cords are included in the channel.
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Terminal
Cb BD FD equipment
TP TO

Balanced cable

Optical fibre Optical fibre
permanent link

permanent permanent
link link

Host

Opto-electronic
converter (optional)

Figure 12a — Location of cabling interfaces and extent of associated permanent links

Terminal
Cb BD FD equipment
TP TO

~:‘.:‘—D—%

< > <
- Optical fibre Balanced cable channel
Host channel

Opto-electronic
converter (optional)

Figure 12b — Locatipnof cabling interfaces and extent of associated channels

TP TO

A

Horizontal cable
(90 m)

A+B+C=9m

NOTE For balanced cabling, this example assumes the use of flexible cables with 50 % greater attenuation (dB/m)
than the horizontal cable, and a cross-connection in the floor distributor, thus 3 connections. In this case, the
maximum length of work area, equipment, and patch cable is 9 m. A longer channel length may be achieved by
using flexible cables with better attenuation performance.

Figure 12c — Class D channel implementation (with cross-connection)
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TP TO

Horizontal cable
R (90 m)

5m

E)

NOTE For balanced cabling, this example assumes the use of flexible cables with 50 % greater attenuation (dB/m)

thgm the norizontar caple. I this case, the maximum Tengin ol WOTK area and equipment cables 15 10 m__ 1
expample results in a calculated channel attenuation of 23,9 dB at 100 MHz using category 5 compoh
requirements.

Figure 12d — Class D channel implementation (with interconnection)

Key
W Interface to the generic cabling

X Optional interface when using a crossconnection

Figure 12 — Examples of cabling systems

7.p Classification of applications, links and channels

7.2.1 Application classification

is
ent

Fiye application classes for cabling have been identified for the purposes of this International
Standard. This ensures that the limiting requirements of one system do not unduly restrict other
syjstems.

The application classes are:

Class A includes speech band.and low-frequency applications. Copper cabling permangnt
links and channels supporting* Class A applications are referred to as Clasg A
permanent links\and Class A channels respectively.

Class B includes_medium bit rate data applications. Copper cabling permanent links ahd
channels_supporting* Class B applications are referred to as Class B permanent
links'and Class B channels respectively.

Class C includes high bit rate data applications. Copper cabling permanent links ahd
channels supporting* Class C applications are referred to as Class C permangnt
links and Class C channels respectively.

Clpss)D includes very high bit rate data applications. Copper cabling permanent links
and—chammets—supportmy*—CtassD—apptications—areTeferred—to—as—C€tass D

permanent links and Class D channels respectively.

Optical Class includes high and very high bit rate data applications. Optical fibre permanent

links and channels supporting* Optical Class applications are referred to
Optical Class permanent links and Optical Class channels respectively.

NOTE *Permanent link specifications are provided for field test verification. Channel values provide minim
requirements for application support.

Annex G gives examples of applications that fall within the various classes.

as

um
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7.2.2 Link and channel classification

Generic cabling, when configured to support particular applications, comprises one or more

permanent links and channels. Five permanent link and channel classes are defined, which

relate to the application classes as indicated in 7.2.1.

Permanent link/channel class A specified up to 100 kHz

Permanent link/channel class B specified up to 1 MHz

Permanent link/channel class C specified up to 16 MHz

Permmrarmerttimkichramettiass D specifiedupto 100 WHz

Optical permanent link/channel class  specified to support applications specified at 10-Mkz
and above.

Far copper cabling, a class A to D permanent link or channel is specified so that,'channels will

prpvide the minimum transmission performance to support applications rof- the related

afplication class. Links and channels of a given class will support all applications of a lower

class. Permanent link/channel class A is regarded as the lowest class.

Optical parameters are specified for single-mode and multimode optical fibre permanent links

arld channels.

Class C and D permanent links and channels correspond to full implementations of category 3

arld category 5 horizontal cabling subsystems respectively, as\Specified in 6.1.1)

Table 2 relates the permanent link and channel classes:to the categories of clauses 8 and|9.

This table indicates the channel length over which the‘various applications may be supported

The distances presented are based on NEXT loss. (for copper cables), bandwidth (for opti¢al

figre cables), and attenuation limits for varioustclasses. Other characteristics of applications,

fof example propagation delay, may further limit these distances.

Table 2 — Channel lengths achievable with different categories and types of cabling

Medium Channel length

Class A Class B Class C Class D Optical class
Cltegory 3 balanced cable (8.1) 2 km 200 m 100m Y - -
Chtegory 4 balanced cable (8.1) 3 km 260 m 150 m 2 - -
Chtegory 5 balanced cabte(8.1) 3 km 260 m 160 m 2 100m Y -
150 Q balanced cablé-(8.2) 3 km 400 m 250 m 2 150 m 2 -
Multimode opticdl fibre (8.4) N/A N/A N/A N/A 2 km 3
Singlemodecoptical fibre (8.5) N/A N/A N/A N/A 3km#

U The 40@ M distance includes a 90 m length permanent link and a maximum allowance of 10 m of flexibl
cablle\for patch cords/jumpers, work area and equipment connections.

2| Eom distances greater than 100 m of balanced cable in the horizontal cabling subsystem, the applicabl

11

1%

L 4 £ aeal I lel o liaal
apprreatoStTantaraS—STotTt ot ConSthteor

3) The minimum bandwidth for a 2 km multimode optical link is specified in 7.4.2. Multimode applications may be

limited to distances shorter than 2 km. Consult application standards for limitations.
4 3 km is a limit defined by the scope of the International Standard and not a medium limitation.

1) The use of link in clause 6 allows for a wider range of configurations than a permanent link in this amendment.
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Consideration should be given, when specifying and designing cabling, to the possible future
connection of cabling subsystems to form longer links and channels. The performance of these

longer links and channels will be lower than that of any of the individual subsystem links a

nd

channels from which they are constructed. Measurement of permanent links and channels

should be made initially, upon installation of each cabling subsystem. Testing of combin
subsystems should be performed as required by the application.

7.3 Balanced cabling permanent links and channels

7.3.1 General

ed

The parameters specified in this subclause apply to permanent links and channels with shielded
orfunshielded cable elements, with or without an overall shield, unless explicitly stated otherwige.

Unless stated otherwise, outline test configurations for all measurements on balanced-cabli

g

arg given in annex A. Specialised test instruments are required for high frequency figld

measurements on balanced cabling. The maximum application frequencies, are based

on

reguired permanent link and channel characteristics, and are not indicated by 'the maximdm
specified frequency for the cabling. In the following tables, the requiremeénts for attenuatign,

NEXT loss, Power Sum NEXT loss, ACR, Power Sum ACR, ELFEXT and<{Power Sum ELFE
arp given for discrete frequencies only. Transmission requirements shall also be met for

KT
all

infermediate frequencies. Requirements at intermediate frequencies are derived by lingar
inferpolation between frequencies on a semi-logarithmic (NEXT foss, Power Sum NEXT loss,

ACR, Power Sum ACR, ELFEXT and Power Sum ELFEXT) or Jogarithmic (attenuation) scale.

7.8.2 Nominal impedance

The designed nominal impedance of a permanent linkvand channel shall be 100 Q, 120 Q,
150 Q. The nominal impedance of permanent dinks and channels should be achieved
suitable design, and the appropriate choice of cables and connecting hardware.

The variation of the input impedance of a permanent link and channel is characterised by t
refurn loss. The characteristic impedancetof cables used in a permanent link and channel sh
bqg in accordance with the requirements:oef clause 8.

7.8.3 Return loss

The return loss of a permangnt link and channel shall meet or exceed the values shown
tables 3 and 4. The return_loss shall be measured according to IEC 61935-1. The return g
shall be measured from ‘both ends to allow a correct evaluation of the permanent link
chiannel. Terminations)that are matched to the nominal impedance of the cable (specificg
1d0 Q, 120 Q, 150Q) shall be connected to the cabling elements under test at the remote e
of|the permanentJink or channel.

Table 3 — Minimum return loss for permanent link

or
by

he
all

n
ss
or
Iy
nd

Frequency Minimum return loss
MLia dB
Class C Class D
1<f<16 15 17
16<f<20 N/A 17
20 < f< 100 N/A 17-7 log(f/20)
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Table 4 — Minimum return loss for a channel

Frequency Minimum return loss
MHz ds
Class C Class D
1<f<16 15 17
16 < f< 20 N/A 17
20 < f< 100 N/A 17-10 log(f/20)

7.B.4 Attenuation (insertion loss)

The attenuation of a permanent link and channel shall not exceed the values shown in tableg 5
arld 6 respectively, and shall be consistent with the design values of cable lengthrand cablihg
materials used. The attenuation of the permanent link or channel shall be measured accordiphg
to|lEC 61935-1, except that the measured attenuation shall not be scaled to-a standard length.
Class D permanent links and channels should comprise cables, which clagsely follow the squdre
ropt of frequency attenuation characteristic above 1 MHz.

The values in tables 5 and 6 are based on the requirements of the applications listed in annex G.

Table 5 — Maximum attenuation values for a{pérmanent link

Frequency Maximum attenuation

MHz ki
Class A Class™B Class C Class D
0,1 16,0 5,5 N/A N/A
1,0 N/A 5,8 3,1 2,1
4,0 N/A N/A 5,8 4,1
10,0 N/A N/A 9,6 6,1
16,0 N/A N/A 12,6 7,8
20,0 N/A N/A N/A 8,7
31,25 N/A N/A N/A 11,0
62,5 N/A N/A N/A 16,0
100,0 N/A N/A N/A 20,6

Table 6 — Maximum attenuation values for a channel

Frequency Maximum attenuation

MHz ds
Class A Class B Class C Class D
0,1 16,0 5,5 N/A N/A
1,0 N/A 5,8 4,2 2,5
4,0 N/A N/A 7,3 4,5
10,0 N/A N/A 11,5 7,0
16,0 N/A N/A 14,9 9,2
20,0 N/A N/A N/A 10,3
31,25 N/A N/A N/A 12,8
62,5 N/A N/A N/A 18,5
100,0 N/A N/A N/A 24,0
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The pair-to-pair NEXT loss of a permanent link and channel shall meet or exceed the
values shown in tables 7 and 8 respectively, and shall be consistent with the design values of
cable length and cabling materials used. The NEXT loss shall be measured according to
IEC 61935-1 except that the measured NEXT loss shall not be adjusted for length. The NEXT
loss shall be measured from both ends to allow a correct evaluation of the permanent link or
channel. See also A.1.1.

TH
lis

ted in annex G.

e values in tables 7 and 8 are based on the NEXT loss requirements of the applicatio

Table 7 — Minimum NEXT loss for a permanent link

Frequency Minimum NEXT loss

MHz ds
Class A Class B Class C Class D
0,1 27,0 40,0 N/A N/A
1,0 N/A 25,0 40,1 61,2
4,0 N/A N/A 3047 51,8
10,0 N/A N/A 24,3 45,5
16,0 N/A N/A 21,0 42,3
20,0 N/A N/A N/A 40,7
31,25 N/A N/A N/A 37,6
62,5 N/A N/A N/A 32,7
100,0 N/A N/A N/A 29,3

Table 8 = Minimum NEXT loss for a channel
Frequency Minimum NEXT loss

MHz ds
Class A Class B Class C Class D
0,1 27,0 40,0 N/A N/A
1,0 N/A 25,0 39,1 60,3
4,0 N/A N/A 29,3 50,6
10,0 N/A N/A 22,7 44,0
16,0 N/A N/A 19,3 40,6
20,0 N/A N/A N/A 39,0
31,25 N/A N/A N/A 35,7
62,5 N/A N/A N/A 30,6
100,0 N/A N/A N/A 27,1

Equipment connectors are not accounted for in table 8 and may contribute to additional
crosstalk degradation.
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7.3.5.2 Power Sum NEXT loss (PSNEXT)

The PSNEXT parameter is applicable to class D only. The PSNEXT of a class D permanent
link and channel shall meet or exceed the values shown in tables 9 and 10 respectively.
PSNEXT is computed from pair-to-pair NEXT as follows:

PSNEXT = -10log (10 10 +10 10 +10 10 7

P

H

Table 9 — Minimum PSNEXT loss for a permanent link

Frequency Minimum PSNEXT loss

dB

MHz

Class D

1,0 58,2
4,0 48,8
10,0 42,5
16,0 39,3
20,0 37,7
31,25 34,6
62,5 297
100,0 26,3

Table 10 — Minimum PSNEXT loss for a channel

Frequency Minimum PSNEXT loss
MHz dB
Class D

1,0 57,3

4,0 47,6
10650 41,0
16,0 37,6
20,0 36,0
31,25 32,7
62,5 27,6
100,0 24,1

NEXTHsmetHmeasuredpairto-patNEXTFvatuester alcombinationare’ at

Pc\nlr\v oA o ak-aae
WCT OUTT IV 7c T o et rrcosSour ot porT to— o V7 T v oot o ToT oot

P
e

least 1,8 dB better than those specified in tables 7 and 8 for permanent links and channels

respectively.

7.3.6 Attenuation to crosstalk loss ratio

7.3.6.1 Pair-to-pair ACR

This is the difference between the NEXT loss and the attenuation of the cabling in dB. It is
related to, but distinct from, the signal to crosstalk ratio (SCR) which accommodates the
transmit and receive signal levels of an application. By applying the requirements of 7.3.3,
7.3.4 and 7.3.5, the transmission requirements of the applications listed in annex G will be met.

The ACR of cabling is calculated by:
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ACR=ay —a (dB)
where

ACR is the attenuation to crosstalk loss ratio;

ay is the NEXT loss, measured between any two pairs of the cabling. The NEXT loss shall
be measured according to IEC 61935-1, except that the measured NEXT loss shall not
be adjusted for length;

a is the attenuation of the cabling when measured according to IEC 61935-1, except that
the measured attenuation shall not be scaled to a standard length.

Table 11 — Minimum ACR values for permanent link

Frequency Minimum ACR
MHz ds
Class D

1,0 59,1
4,0 47,7
10,0 39,4
16,0 34,5
20,0 32,0
31,25 26,6
62,5 16,7
100,0 847

Table 12 — Minimum ACR values for channels

Frequency Minimum ACR
MHz ds
Class D

1,0 57,8

4,0 46,1
10,0 37,0
16,0 31,4
20,0 28,7
31,25 22,9
62,5 12,1
100,0 3,1

7.3-62—PowerStmACRAPSAER)

The PSACR parameter is applicable to class D only. The PSACR of a class D permanent link
and channel shall meet or exceed the values shown in tables 13 and 14 respectively. The
Power Sum ACR is computed from Power Sum NEXT and attenuation as follows:

PSACR = PSNEXT — a
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Table 13 — Minimum PSACR values for permanent link

7

TH
lin

.B.7 ELFEXT

e ELFEXT shall beemeasured from both ends to allow a correct evaluation of the permang

k or channel.

Frequency Minimum ACR
MHz ds
Class D

1,0 56,1
4,0 447
10,0 36,4
16,0 31,5
20,0 29,0
31,25 23,6
62,5 13,7
100,0 5,7

Table 14 — Minimum PSACR values for channels

Frequency Minimum ACR
MHz ds
Class D

1,0 54,8
4,0 43,1
10,0 340
16,0 28,4
20,0 25,7
31,25 19,9
62,5 9,1
100,0 0,1

.B.7.1 Pair-to-pair ELFEXT

Table 15 — Minimum ELFEXT values for permanent link

Frequency Minimum ELFEXT

dB

MHz

Class D

1,0 59,6
4,0 47,6
10,0 39,6
16,0 35,5
20,0 33,6
31,25 29,7
62,5 23,7
100,0 19,6

nt
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Table 16 — Minimum ELFEXT values for channels

TH

p§
re

Frequency Minimum ELFEXT

dB

MHz

Class D

1,0 57,0
4,0 45,0
10,0 37,0
16,0 32,9
20,0 31,0
31,25 27,1
62,5 21,1
100,0 17,0

.B.7.2 Power Sum ELFEXT

~ELFEXTpp 1

e PSELFEXT parameter is applicable to class D only. Thes RSELFEXT of a class
rmanent link and channel shall meet or exceed the values<shown in tables 17 and
spectively. PSELFEXT is computed from pair-to-pair ELFEXT, as follows:

SELFEXT = -10log (10 10

H

+10

-ELFEXTpp,2 TELFEXTyp3 [
10 £10 10 0

H

Table 17 — Minimum Power‘Sum ELFEXT values for permanent link

Frequency. Minimum PSELFEXT

dB

MHz

Class D

1,0 57,0
4,0 45,0
10,0 37,0
16,0 32,9
20,0 31,0
31,25 27,1
62,5 21,1
100,0 17,0

18
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Table 18 — Minimum Power Sum ELFEXT values for channels

Frequency Minimum PSELFEXT

dB

MHz

Class D

1,0 54,4
4,0 42,4
10,0 34,4
20,0 28,4
31,25 24,5
62,5 18,5
100,0 14,4

Power Sum ELFEXT is met if measured pair-to-pair ELFEXT values forseach pair combinati
arp at least 2,2 dB better than those specified in tables 15 and 16(for permanent links a
channels respectively.

7.8.8 DC loop resistance

The loop resistance of pairs shall be less than the values/given in table 19 for each class
afplication. These figures are derived from application-requirements. The d.c. loop resistan
shall be measured according to IEC 61935-1. A short circuit is applied at the remote end of t
pdir and the loop resistance is measured at the~ear end. The measured value should

cansistent with the length and diameter of the conductors used in the cable.

Table 19 — Maximum d.c. loop resistance

Cabling class Class A Class B Class C Class D
Maximum loop resistance 560 170 40 40
Q

7.B.9 Propagation delay
The propagation.delay, measured according to IEC 61935-1, shall be less than the limits giv

in[tables 20 andv21. These limits are derived from system requirements. Any measured
cdlculated values should be consistent with the lengths and materials used in the cabling.

Table 20 — Maximum propagation delay for permanent link

bn
nd

of
ce
he
be

or

Measurement Class Delay
frequency
MHz us
1<f<16 c 0,486 + 0,036/ V/f
1<f<100 D 0,486 + 0,036/ V/f
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Table 21 — Maximum propagation delay for a channel

Measurement Class Delay
frequency
MHz us
1<f<16 C 0,544 + 0,036/ V/f
1< f<100 D 0,544 + 0,036/ V/f

Tt
af

TH
th

7.

TH

.B.10 Delay skew

g class Cand D chanmetdetay Tequiterments—ensure thatthedetay Tequitenents—of ¢
plications listed in annex G are fulfilled.

e difference in propagation delay between any two pairs in a cabling channel-shall be Ig
AN the limits given in tables 22 and 23.

Table 22 — Maximum delay skew for permanent link

Measurement Class Delay-skew
frequency
MHz us
1<f<16 C 0,043
1<f<100 D 0,043

Table 23 — Maximum delayskew for a channel

Measurement Class Delay skew
frequency
MHz us
1<f<16 C 0,050
1<f<100 D 0,050

e longitudinal~conversion loss,

B.11 Longitudinal to-differential conversion loss (balance)

measured as LCL and as LCTL according to ITY

Reécommendation’G.117, should exceed the values shown in table 24.

Table 24 — Longitudinal to differential conversion loss

SS

3

Frequency Minimum longitudinal to differential conversion loss
MHz 48

Class A Class B Class C Class D

0,1 30 45 45 45

1,0 N/A 20 30 40

4,0 N/A N/A f.f.s. f.f.s.

10,0 N/A N/A 25 30
16,0 N/A N/A f.f.s. f.f.s.
20,0 N/A N/A N/A f.f.s.
100,0 N/A N/A N/A f.f.s.
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The measurement of these values on installed systems is not yet well established. It is
sufficient to verify the values by design.

7.3.12 Transfer impedance of shield

This parameter applies to shielded cabling only. The measurement of transfer impedance for
installed cabling is not well developed. Connector termination practices may be verified by
laboratory measurements of representative samples of short lengths of terminated cable. The
transfer impedance requirements for shielded cables and connectors in clauses 8 and 9 should
be applied. See clause 10 for guidance on the use of shielded cabling.

7.
7

TH
of
wi
lis
th
St
wi

cabling concerning wavelength multiplexing.

TH
ch

Unless otherwise stated, test procedures are deseribed in IEC 61280-4.

7.

TH
th
filg

limitations.

TH
lin
ca

#.1 General

1 Optical fibre permanent links/channels

tical fibre permanent link/channel employs a single optical wavelength in one transmissi
ndow only. Application standards employing wavelength multiplexing are 'not yet available
ting in annex G. All application specific hardware for wavelength multiplexing is installed
b equipment area and in the work area, which both are outside the scope of this Internatior

| be found in the application standards. There are no special requirements for gene

e performance requirements of single-mode and multimmode optical fibre permanent lin}
annels are considered in this subclause.

1.2 Optical attenuation

b wavelength windows specified .in_tables 26 and 27. The allowable attenuation of opti
re permanent links/channels is(@pplication dependent. Consult the application standards

e attenuation values given in table 25 have been calculated for optical fibre permane
ks/channels in eacheabling subsystem, assuming a worst case installation philosophy o
nnector and a splice.at each end of each subsystem.

Table 25 — Attenuation of optical fibre cabling subsystems

e maximum attenuation (insertion loss) shall not exceed the values specified in table 25]i

e performance requirements for optical fibre permanent links/channels assume that eakch

bn
or
in
al

andard. The requirements for the wavelength multiplexing and<d@&multiplexing components

[ic

s/

cal
or

nt

Cabling Link/channel Attenuation
subsystem length V) dB
m
Singlemode Multimode
1310 nm 1550 nm 850 nm 1300 nm
Horizontal 100 2,2 2,2 2,5 2,2
Building backbone 500 2,7 2,7 3,9 2,6
Campus backbone 1500 3,6 3,6 7,4 3,6

1 The link/channel lengths and attenuation values given here are achievable using optical
fibre components meeting the minimum requirements of 8.4, 8.5 and 9.4.

Different link lengths could be achieved if other optical fibre components were used.
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Table 26 — Wavelength windows for multimode optical fibre cabling

Nominal Lower limit Upper limit Reference test Maximum
wavelength wavelength spectral
width FWHM
nm nm nm nm nm
850 790 910 850 50
1 300 1285 1330 1 300 150

Table 27 — Wavelength windows for singlemode optical fibre cabling

Nominal Lower limit Upper limit Reference test Maximum
wavelength wavelength spectral
width FWHM
nm nm nm nm nm
1310 1288 1339 1310 10
1 550 1525 1575 1550 10

7.4.3 Multimode modal bandwidth

1%
o

Fqr multimode optical fibre permanent links/channels the optical modal bandwidth shall exce
the minimum values shown in table 28.

Table 28 — Minimum optical\modal bandwidth

Wavelength Minimum bandwidth
nm MHz
850 100
1300 250

The dispersion of the optical>fibre used in the optical link/channel shall be measured [in
agcordance with the test-methods described in IEC 60793-1. See table 2 for achievable
digstances.

7.4.4 Return loss

The optical return loss of any interface of an optical link/channel shall exceed the values shoyn
inftable 29,

Table 29 — Minimum optical return loss

Multimode Singlemode
850 nm 1 300 nm 1310 nm 1 550 nm
20 dB 20 dB 26 dB 26 dB

7.4.5 Propagation delay

For some applications, knowledge of the delay of optical fibre permanent links/channels is
important to ensure compliance with end-to-end delay requirements of complex networks
consisting of multiple cascaded links/channels. For this reason, it is important to know the
lengths of optical fibre permanent links/channels. It is possible to calculate propagation delay
based on cable performance (see clause 8).
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8 Cable requirements

This clause provides the requirements for the cable for the horizontal and backbone cabling
subsystems. For additional requirements regarding flexible balanced cables, see annex C.

All cables shall meet the applicable safety requirements as specified by the relevant local
authorities. This clause provides essential mechanical and transmission characteristics for
each medium. Due to inherent limitations of some telecommunications services, the use of
cables described below to support applications other than those listed in annex G may not
al i i i i ds
agsociated with the planned service or equipment in order to determine any specific limitation.

In| the following tables, the requirements for attenuation and NEXT loss are -given for
digscrete frequencies only. They have to be fulfilled, however, for all intermediatecfrequencigs.
Requirements at intermediate frequencies are derived by linear interpolation{between two
specified frequencies on a semi-logarithmic (NEXT loss) or logarithmic (attenuation) scale.
Requirements for Power Sum NEXT loss, ELFEXT, and Power Sum ELFEXT are under study}

Fqr multimode and single mode fibre, a conservative conversion value for unit propagatipn
dglay of 5,00 ns/m (0,667 c) may be used. This value can be used-to calculate channel delay
without verification.

The requirements of this clause are provided for the cable as measured by the manufacturer]| It
is[assumed that these characteristics do not change significantly for cables installed accordipg
tomanufacturer's instructions and operating at 20 °C.

8.l General requirements for 100 Q and 120 Q<balanced cable

The mechanical and electrical requirements given in table 30 and table 31 shall be met by bath
1dJ0 Q and 120 Q cables. For additional electrical requirements, see 8.1.1 (100 Q) and 8.1.2
(1p0 Q).

Table 30 — Mechanical characteristics of 100 Q and 120 Q balanced cables

Cable characterjstics Units Subsystem Test method
[ Mechanical charactefistics Backbone Horizontal Subclause
1.1 Diameter of condiictbi ) mm 0,4 to 0,65 3.4.1 of
IEC 61156-1
1.2 Diameter ouvef insulated conductor 2 mm <14 3.4.1 of
IEC 61156-1
1.3 Number.of conductors in a cable per 2/4
element pair/per
quad
1.4 Shield around cable element 3 Optional. Refer to clause 10
1 '5 Number of cable Pairs 24 2n(n=1,2,3,..)
Elements in a unit Quads >2 nn=123,..)
1.6 Shield around cable unit 3 Optional
1.7 Number of cable units in a cable 21Y
1.8 Shield around cable 3 Optional. Refer to clause 9
1.9 Outer diameter of cable % mm <90 <20 3.4.1 of
IEC 61156-1
1.10 | Temperature range without °C Installation: 0 to +50 f.f.s.
mechanical degradation © Operation: —20 to +60
1.11 | Minimum bending radius for pulling 8 times outer cable diameter 3.4.8 of
during installation IEC 61156-1
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Cable characteristics Units Subsystem Test method

1.12 | Minimum bending radius installed 6 (f.f.s.) times 4 (f.f.s.) times f.f.s.

outer cable outer cable

diameter diameter
1.13 | Pulling strength 7 N/mm? >50 3.4.9 of

% CUpin IEC 61156-1

1.14 | Fire rating According to IEC 61156 unless As applicable

otherwise requested by local

regulation

5 Coftour coditg < AS TeguiTed by foca Tegutations

preferably IEC 60708-1

1.16 | Cable marking As required by local regulations

or national specifications

L)

Conductor diameters below 0,5 mm may not be compatible with all connecting hardware.

The two measured values using the IEC method must be averaged and then comparedjto_the limit for
compliance verification.

Diameters over the insulated conductor up to 1,6 mm may be used if they meet &ll other performance
requirements. These cables may not be compatible with all connecting hardware.

If it is intended to use cables with shielding, care shall be taken that the conneeting hardware is properly
designed to terminate the shielding.

Care has to be taken to meet the NEXT loss requirements given in 8.3.
Should be minimised to make best use of duct and crossconnect capacity (see clause 9).
In case of under carpet cable the value is not applicable.

For certain applications (e.g. precabling buildings in cold climate) a cable with a lower temperature
bending performance of —30 °C may be required.

This is an indication for cable performance, installation negeds are for further study. This results in a
maximum pulling force of 50 N/mm? times copper conductor cross-section, excluding shields, if present.

For cables with fewer cable elements than those specified by IEC 60708, pair colours should be consistent
with all pairs or quads specified starting from 1 up to the-number of elements in the cable.

TH
te
dg
ah

e following electrical characteristicsiare given for 20 °C. They may degrade with changipg
mperature. Some commonly used’ insulation materials may result in a non-lineafly
pendence of electrical characteristics on temperature. Thus, especially for temperatures
ove 40 °C, special insulation materials may be necessary.

Table 31 — Electrical characteristics of 100 Q and 120 Q balanced cables

Cable_Eharacteristics Cable category 9 Test method &
2 Electrical characteristics Units MHz 3 4 5
at 20 °C
2.1] | Maximumydie. loop Q/100 m d.c. 19,29 19,2V 19,29 3.2.1 of
resistance IEC 61156{1
2.2 Nominal phase velocity 1 0,4c 0,6 c 0,65c 3.3.1 of
of propagation 10 0,6 c 0,6 c 0,65 c IEC 611561
100 N/A N/A 0,65 c
2.3 Minimum NEXT loss 2) dB at 100 m Q772 43 58 R84 334 of
cable length 1 41 56 62 IEC 61156-1
4 32 47 53
10 26 41 47
16 23 38 44
20 N/A 36 42
31,25 N/A N/A 40
62,5 N/A N/A 35
100 N/A N/A 32
2.4 Maximum resistance % d.c. 3 3 3 3.2.2 of
unbalance IEC 61156-1
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Cable characteristics Cable category 3 Test method 3
2.5 Minimum longitudinal dB 0,064 45 (f.f.s.) 45 (f.f.s.) | 45 (f.f.s) ITU-T 0.9
conversion loss
2.6 Maximum capacitance pF/km 0,0008 3400 3400 3400 3.2.6 of
unbalance pair to or IEC 61156-1
ground 0,001
2.7 Maximum transfer mQ/m 1 50 50 50 3.2.7 of
Impedance 10 100 100 100 IEC 61156-1
(only applicable when 100 N/A N/A ffs.
shields are r\rncnnﬂ
2.8 Minimum d.c. insulation MQ km d.c. 150 150 150 3.2,4'0f
resistance IEC 6115611
2.9 Dielectric strength d.c. or 1kV,1minor25kV,2s 3.2°3 of
conductor/conduc_tor a.c. 700 V, 1 min MEC 61156{1
and conductor/shield or1.7kV. 2s
2.1 Minimum structural dB at 1to <10 12 (f.f.s.) 21 (f.f.s.) 23 (f.fxs.)
return loss 1°(|’e':]‘g‘;ﬁb'e 10to <16 | 10 (ffs) | 19 (Rfs) |23Tffs) | IEC 611561
16 to <20 N/A 18 (f.f.s.) | 238f.f.s.) f.f.s.
20 to 100 N/A N/A 23-10log
(/20)
(f.f.s.)
2.1 Delay skew ns/100 m 1to <16 45 45 45 IEC 61935{1
16 to <20 45 45
20 to 100 45

1)

f all other values are fulfilled, the maximum d.c. loop resistance may be as high as 30 Q /100 m.

Unless otherwise specified, cable NEXT loss performance “shall be characterised using "worst case fair
ombination" testing. See 8.3 for additional NEXT loss requiréments for balanced cables.

3) The test method shall be as stated in the column "Test method" while the required value shall meet the valjes
tated in the column "Cable category".

2)

8.L.1 Additional requirements for 100-;>"Q balanced cable

This subclause covers the characteristic impedance and maximum attenuation of 100 Q cables

Table 32 — Addjtional electrical characteristics of 100

Q balanced cables

Cable characteristics Cable category est method
3 Electrical Units MHz 3 4 5
charactefistics at 20 °C
3 Charageteristic Q 0,1 75 to 150 75 to 150 | 75 to 150 IEC 61156-1
impedance
=1 100 = 15 100 = 15 100 = 15 (u.c)
3 Maximum attenuation dB/ 0,064 0,9 0,8 0,8 3.3.2 of
IEC 61156-1
100 m 0256 13 11 11
0,512 1,8 1,5 1,5
0,772 2,2 1,9 1,8
1 2,6 2,1 2,1
4 5,6 4,3 4,3
10 9,8 7,2 6,6
16 13,1 8,9 8,2
20 N/A 10,2 9,2
31,25 N/A N/A 11,8
62,5 N/A N/A 17,1
100 N/A N/A 22,0
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Q balanced cable

This subclause covers the characteristic impedance and maximum attenuation of 120 Q

cables.
Table 33 — Additional electrical characteristics of 120 Q balanced cables
Cable characteristics Cable category Test method
3 Electrical Units MHz 4 5
characteristics at 20 °C
3n Characteristic Q 0,1 75 to 150 75 to 150 IEC 61156-1
Impedance =1 120 + 15 120 + 15
3R Maximum attenuation dB/ 0,064 0,8 0,8 3.3.2 of IEC 64156-]L
100 m 0,256 1,1 1,1
0,512 1,5 1,5
0,772 1,7 1,5
1 2,0 1,8
4 4,0 3,6
10 6,7 5,2
16 8,1 672
20 9,2 7,0
31,25 N/A 8,8
62,5 N/A 12,5
100 N/A 17,0
8.2 General requirements for 150 Q balanced cable

This subclause covers the requirements for;150 Q balanced cables. Table 34 gives the

mechanical requirements, and table 35 the electrical requirements for 150 Q balanced cables.

Table 34 — Mechanical characteristics of 150

Q balanced cables

Cable characteristics Units Requirement est method
1 Mechanical characteristics
1.1 Diameter of conductor ¥ mm 0,6 — 0,66 3.4.1 of
IEC 61154-1
1.4 Diameter over insulated conductor 2) mm <2,6 3.4.1 of
IEC 61154-1
1.3 Number of cenductors in a cable per pair/ 2/4
element per quad
1.4 Shield around cable element Optional. Refer to clause 10
1.9 Number of cable elements in a unit pairs: 2
guads: 1
1.6 Shield around cable unit Yes, but optional, if 1.4 is fulfilled.
Refer to clause 10
1.7 Number of cable units in a cable >1
1.8 Shield around cable Optional. Refer to clause 10
1.9 Outer diameter of cable ¥ mm <11 3.4.1 of
IEC 61156-1
1.10 |Temperature range without °C Installation: 0 to + 50 f.f.s.
mechanical degradation -
Operation: =20 to + 60 f.f.s.
1.11 | Minimum bending radius for pulling cm 7,5 3.4.9 of
during installation IEC 61156-1
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Cable characteristics Units Requirement est method
1.12 | Minimum bending radius installed f.f.s. f.f.s.
1.13 | One time bend radius mm 20
1.14 | Pulling strength 4 N/mm? >50 3.4.8 of

X CUpin IEC 61156-1
1.15 | Fire rating According to IEC 61156-1 unless As applicable
otherwise requested by local regulation
1.16 | Colour coding Preferably IEC 60708 or pair 1: red/green
pair 2: orange/black

1.17 | Cable marking As required by local rules or national

specifications

1

2)
3)
4)

Values above 1,6 mm may not be compatible with all connecting hardware.
Only for cables with one cable unit.

This is an indication for cable performance, installation needs are for further study.)This results in a maximym
pulling force of 50 N/mm? times copper conductor cross-section, excluding shields) if present.

The two measured values using the IEC method must be averaged and then compared\to the limit for
compliance verification.

Table 35 — Electrical characteristics of 150

Q. balanced cables

Cable characteristics Requirement Test method
2 Electrical Units MHz
characteristics at 20 °C
2. Characteristic impedance Q =1 150 + 15 IEC 61156-1
2.3 Maximum d.c.-loop resistance Q/100'm d.c 12,0 3.2.1 of
IEC 61156-1
2. Maximum attenuation ) dB/100 m 1 1,1 3.3.2 of
4 2,2 IEC 61156-1
10 3,6
16 4,4
20 4,9
31,25 6,9
62,50 9,8
100 12,3
2.4 Minimum phasgévelocity of m/s 1-100 0,6 c 3.3.1 of
propagation IEC 61156-1
2. Minimum NEXT loss dB at 1 68
cabllgc:enr:gth 4 58 IEglgll‘llgg-]
10 53
16 50
20 49
31.25 46
62,50 41
100 38
2.6 Maximum resistance unbalance % d.c. 4 3.2.2 of
IEC 61156-1 2
2.7 Minimum longitudinal conversion loss dB 0,064 f.f.s. ITU-T 0.9
2.8 Maximum capacitance unbalance pair pF/100 m 0,001 100 3.2.6 of
to ground IEC 61156-1
2.9 Maximum transfer impedance mQ/m 1 50 3.2.7 of
IEC 61156-1
10 100
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Cable characteristics Requirement Test method
2.10 Minimum d.c. insulation resistance GQ km d.c. 1 3.2.4 of
IEC 61156-1
2.11 Dielectric strength d.c. 1 kV, 1 min or 3.2.3 of
or 2,5kV,2s IEC 61156-1
a.c. 700 V, 1 min or
1,7kV,2s
2.12 Minimum structural return loss dB 3 to <20 24 (f.f.s.)
at 100 m
cable length 20to 100 | 24 1%'?8 ‘(f/20) f.f.s.
2.13 Delay skew ns/100 m 1to 100 45
1) |The attenuation variation with temperature follows the curve described by the equation
a = 0,03 x (T-23) x vfin dB, where T is the temperature in °C and fis the frequency in MHz for fin the range ¢f
4 MHz to 100 MHz (f.f.s.).
2) [The test method shall be as stated in the IEC reference while the required value shall meet thealues stat¢d
above.
8.B Additional crosstalk considerations for balanced cables
This subclause covers cabling system implementations that may lead to the presence |of
multiple signals on the same cable.
In[the backbone cabling subsystem, cables that containsmore than two pairs or one quad shjall
meet the requirements of 8.3.1.
In|the horizontal cabling subsystem, when multiple telecommunications outlets are served by a
simgle cable, the near-end crosstalk of cable elements that extend to any two or more outlgts
shall meet the requirements of 8.3.2. The fequirements of 8.3.2 also apply between units |of
hylbrid and multi-unit cables used in eitherthe horizontal or backbone subsystems.
8.B.1 Power summation
Examples of the types of cables covered by this clause include cables with two or mgqre
elements within a cable unit.that are used for backbone subsystems. Cables required to meet
th{s clause shall also ~-meet the transmission and colour-code requirements for the
carresponding cable type given in 8.1 and 8.2.
Fqr cables required-to meet this clause, worst pair NEXT loss performance values specified|in
8.1 or 8.2 shall beymet using power summation to determine total crosstalk energy. The power
sum crosstalk’\for uncorrelated disturbing pairs is calculated from the individual pair-to-pgir
crpsstalk measurements at a given frequency.
8.B.2/<Hybrid and multi-unit cables and cables connected to multiple TOs
ExXammptes—ofthe—types—of cabtes—that—are—covered—by-this—ctause—nctode—hybric—cabtes—and

multi-unit cables and cables that are connected to multiple TOs through a transition point or
other means. The units may be of the same type or of different types, and of the same category
or of different categories. Cables required to meet this clause shall also meet the transmission
and colour-code requirements for the corresponding cable type given in 8.1 and 8.2.

For cables required to meet this clause, NEXT loss between any balanced cable unit or
element shall be at least better by ANEXT loss than the specified NEXT loss of 8.1 (same
category) or 8.2, where

ANEXT = 6dB +10 x log(n + 1)dB,

where nis the number of adjacent non-fibre units within the cable.
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NOTE The above equation is intended to minimize potential for sheath sharing incompatibilities. In that case, a
maximum power budget between maximum power of the different supported applications of 6 dB is taken into
account. Cables that meet the power summation requirement for NEXT loss may not support services with different
schemes. The use of different applications, supported by metallic cabling, with a maximum power budget exceeding
6 dB is not assured within a common sheath.

8.4 Multimode optical fibre cables

The three parts to the requirement for optical fibre cables are the optical fibre requirements,
the cable transmission performance requirements and the physical cable requirements.

a) Qnptical fibre requirements

The fibre shall be multimode, graded-index optical fibre waveguide with neminal
62,5/125 um or 50/125 pum core/cladding diameter complying with Alb or Alafibre
respectively of IEC 60793-2.

b)| Cable transmission performance requirements

Each fibre in the cable shall meet the graded performance requirements of table 36.
Attenuation shall be measured in accordance with IEC 60793-1. Modal(bandwidth-distance
product shall be measured in accordance with IEC 60793-1.

c)| Physical cable requirements

The mechanical and environmental requirements for indoor and outdoor fibre optic cal
are defined in accordance with IEC 60794-1 and IEC 60794-2;

e

Table 36 — Cable transmission performance parameters

Wavelength Maximum attenuation Minimum modal
bandwidth
pum dB/km at 20°€ MHzEm at 20 °C
0,85 35 200V
1,3 1,0 500
1) When using fibre with a modal. bandwidth of 160 MHzEm the minimum require-
ments of table 13 in clause Alcan only be met for links up to 1,6 km.

8.p Singlemode optical fibreneables

The three parts to the requirement for optical fibre cable are the optical fibre requirements, the
cable transmission perfermance and the physical cable requirements.
a)| Optical fibregequirements

the fibre shall comply with IEC 60793-2 type B1 and ITU-T G.652.
b)| Cabletrahsmission performance requirement:

1), Attenuation:

each fibre in the cable shall have an attenuation of less than 1 dB/km at wavelength
of 1310 nm and 1550 nm. Attenuation shall be measured in accordance with
IEC 60793-1.

2) Cut-off wavelength:

the cut-off wavelength of cabled singlemode fibre shall be <1 280 nm when measured in
accordance with IEC 60793-1.

c) Physical cable requirements:

the mechanical and environmental requirements for indoor and outdoor fibre optic cable are
defined in accordance with IEC 60794-2 and IEC 60794-1.
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9 Connecting hardware requirements

9.1 General requirements

This clause provides guidelines and requirements for connecting hardware used with gene

E)

ric

cabling. For the purposes of this clause, a connector (sometimes referred to as a connection)

is considered to consist of a device or a combination of devices used to connect two cables
cable elements. Unless otherwise specified, all connectors shall be tested in a mated state.

or
It

should be noted that this clause does not address requirements for media adapters, or other
devices with passive or active electronic circuitry (for example, impedance matching

transformers, terminating resistors, LAN equipment, filters and protection devices) whose m4
pyrpose is to serve a specific application, or to provide compliance with other rulesya
repgulations. When required, such devices are not considered to be part of the cabling,and m
hgve significant detrimental effects on network performance. Therefore, it is impgdrtant th
their compatibility with the cabling system and active equipment be considered. before us
These requirements apply only to individual connectors and connector assemblies whi
in¢lude, but are not limited to, telecommunications outlets, patch panels, transition connecto
and cross-connect blocks. Transmission characterisation of these components does 1
in¢lude the effects of cross-connect jumpers or patch cables.

In| the following tables, requirements for attenuation and NEXT ‘oss are given for discrd
frequencies only. Requirements at intermediate frequencies~shall be derived by ling
inferpolation between two specified frequencies on a sémi-logarithmic (NEXT loss)
logarithmic (attenuation) scale.

NQTE 1 It is intended to supplement the performance and functional requirements in this clause by reference
International Standards as they become available. Since the*sectional specifications referenced herein o
guprantee mechanical compatibility, the transmission specifications of this clause are needed until detai
spgcifications are available.

NQTE 2 The requirements of this clause are provided fokconnecting hardware as measured by the manufactu
It is assumed that these characteristics do not change'significantly for connecting hardware installed according
thg manufacturer's instructions and operating at 20-2C. Unless otherwise specified, the measuring atmosph
shpuld be room climate in accordance with 5.3.1 of [EC 60068-1.

9.1.1 Location

Connecting hardware is installéd:

Ain
nd
ay
at
e.
ch
s,
ot

ar
or

nly
ed

er.
to
ere

a)| in a CD permitting connections to Building Backbone and Campus Backbone cabling and

active equipment;
b)[ in a BD permitting-connections to the Building Backbone cabling and active equipment;

c)| in an FD previding the cross-connections between backbone and horizontal cabling and

permitting eonnections to active equipment;
d)| at the hobtizontal cabling transition point (if provided);
e)| at the-TO.

9.I'Z Design

The connecting hardware should be designed to provide:

a) means to interconnect cabling with cross-connect jumpers, patching or applications

dependent equipment;
b) means to identify cabling for installation and administration as described in clause 11;
c) means to permit orderly cable management;
d) means of access to monitor or test cabling and active equipment;
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e) reasonable protection against physical damage and ingress of contaminants that may affect

continuity;

f) a termination density that is space efficient, but that also provides ease of cable

management and ongoing administration of the cabling system;
g) means to accommodate shielding and bonding requirements, when applicable.

When connections of the same mechanical type used at the TO are used at the CD, BD or FD,

they shall meet the same requirements as those specified for the TO connector.

9. -8 OperatmyenvironmeTt

The connecting hardware shall be designed to operate reliably for temperatures ranging-frgm

—10 °C to 60 °C. Connecting hardware shall be protected from physical damage and from dirg

exposure to moisture and other corrosive elements. This protection may be accomplished
ingtallation indoors or in an appropriate enclosure for the environment.

9.1.4 Mounting

Connecting hardware should be designed to provide flexibility for mounting (for example,
walls, in walls, in racks, or on other types of distribution frames and fmounting fixtures).

9.1.5 Cross-connect jumpers and patch cords

General limitations for total lengths of cross-connect jumpérs, patch cords and cables used
cdnnect application specific equipment are provided in clause 6.

the performance requirements in 9.4.6 and annex C. Compatibility between cables used in t
same link shall be maintained throughout:.the cabling system. (For example, connectio
bgtween cables with different nominal charaeteristic impedance values shall not be made.)

C}bles used for cross-connect jumpers and patch{cords in the CD, BD and FD are subject

9.1.6 Installation practices

ThHe manner and care with which™the cabling is implemented are a significant factor in t

bt
by

to
he

he

pdrformance and ease of administration of installed cabling systems. Installation and calle

management precautions _that should be observed include the elimination of cable stress
caused by tension, sharp ‘bends, and tightly bunched cables.

The connecting hardware shall be installed to permit:

a)| minimal signal impairment and maximum shield effectiveness (where shielded cabling
used) by proper cable preparation, termination practices (in accordance with manufacture|
guidelines) and well organised cable management;

b)| roem~for mounting telecommunications equipment associated with the cabling syste
Racks should have adequate clearances for access and cable dressing space.

as

is
I's

In cabling pathways and in the vicinity of connecting hardware, the cable shall meet the be
radius requirement of clause 8.

NOTE 1 Pathways should be designed and installed to accommodate the cable bend radius requirements
clause 8.

nd

in

NOTE 2 Some connections are used to perform a cross-over function between two elements in order to properly

configure cabling links for transmit and receive connections.

NOTE 3 Besides signal degradation, improper termination practices of balanced cable elements, shields or both
may also create loop antenna effects resulting in levels of signal radiation that may exceed regulatory requirements.


https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

— 48 - ISO/IEC 11801:1995

+A1:1999+A2:1999(

9.1.7 Marking and colour coding

E)

In order to maintain consistent and correct point-to-point connections, provisions shall be made
to ensure that terminations are properly located with respect to connector positions and their
corresponding cable elements. Such provisions may include the use of colours, alphanumeric
identifiers or other means designed to ensure that cables are connected in a consistent manner

throughout the system.

When two physically similar cabling types are used in the same subsystem (for example,
different performance categories, 100 Q and 120 Q balanced cables, or 62,5 pum and 50 pm

offficar fibres), they shall be marked I such a way as to allow each capling type to be cleafly

identified. See clause 11.

9.p Connecting hardware for 100 Q and 120 Q cabling
9.2.1 General requirements

The following requirements apply to all connecting hardware used o._provide electri

cal

cgnnections for the balanced cables specified in 8.1 (100 Q and 120 Q. cables). It is desirable

that hardware used to directly terminate 100 Q and 120 Q cable elements be of the insulati
digplacement connection (IDC) type. In addition to the requirements of this subclaus
cdnnecting hardware used with shielded cabling shall be in full ce@mpliance with the applical
reguirements of clause 10.

9.p.2 Performance marking

Connecting hardware intended for use with 100 Q> or 120 Q cabling should be marked
dgsignate transmission performance at the discretion of the manufacturer. The markings,
any, shall be visible during installation.

NQTE Performance markings are in addition to, and.do not replace, other markings specified in 9.1.7, clause
or those required by local codes or regulations.

9.P.3 Mechanical characteristics

Connecting hardware intended‘for use with 100 Q or 120 Q cabling shall meet the requiremer
specified in table 37.

on
e1
le

to
if
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Table 37 — Mechanical characteristics of connecting hardware
intended for use with 100 Q or 120 Q cabling

1 Mechanical Units Requirement Component or test

characteristics standard

1.1 Physical dimensions only Unshielded 3 and 5 of IEC 60603-7, IEC 60603-7Y

at TO interface Shielded mating dimensions and IEC 60603-71: 2
gauging

1.2 Cable termination compatibility

1.2.1 | Nominal conductor diameter mm 0,5-0,65% -

1.2.2 | Conductor type Patching/ Stranded or solid —

Jumpers conductors
Other Solid conductors
1.4.3 | Nominal diameter of insulated conductor mm 0,7-1,4%9 8.3 of IEC60811-1-1
1.4.4 | Number of conductors TO 8 -
Other >2n(n=1,2,3, ...)
1.4.5 | Cable outer diameter TO mm <20% 8:3.0f IEC 60811-1-1
Other N/A

.4.6 | Means to connect shield See table 38, row 2.3¢") -

.3 Mechanical operation (Durability)

4. Conductor termination cycles >200 8 Annex B

3. Plug interface cycles >750 (LeveMA of 6 and 7 of

IEC 60603-7) IEC 60603-7

Dl The scope of IEC 60603-7:1990 is limited to frequencies of up to.\8 MHz. Until IEC 60603-7 is revised,
connectors may be qualified for use at higher frequencies when tested_and proved to be in compliance with the
performance requirements specified in table 38.

2| IEC 60603-7:1990 does not have provision for an overall shield.

%) [Because it is not required that connecting hardware be compatible with cables outside this range, special cgre
shall be taken to ensure compatibility between cables with €onductor diameters as low as 0,4 mm (when usgd)
and the connecting hardware with which they are used.

4|Use of the modular plug connector specified in .[EC 60603-7 is typically limited to cables having insulatpd
conductor diameters in the range of 0,8 mm to 1,0 mm.

5)| Because it is not required for connecting hardware to be compatible with cables outside this range, special cdre
shall be taken to ensure compatibility between cables with insulated conductor diameters as high as 1,6 mm
(when used) and the connecting hardware(they are used with.

6| uUse of the modular plug connectorispecified in IEC 60603-7 is typically limited to cables having outside
diameters in the range of 4 mm to,6 ‘mm. Flat/oval cables with equivalent cross-sectional area are acceptable

| 1f it is intended to use shielded cabling, care should be taken that the cross-connect is designed to termingte
the shielding.

Note that there may be a.difference between cross-connects designed to terminate balanced cables with overgll
shields only, as opposed.to cables having both individually shielded elements and an overall shield.

8| The durability requirement of 1.3.1 is only applicable to connections designed for more than a single terminatipn
operation (for examiple, those that are used to administer cabling system changes).

9.P.4 Electrical characteristics

all

Connecting hardware intended for use with 100 Q or 120 Q cabling of a given category sh

meet the corresponding perrormance requirements ot table so.

Connecting hardware shall be tested with each cable impedance that it is intended to support.
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Table 38 — Electrical characteristics of connecting hardware
intended for use with 100 Q or 120 Q cabling

E)

2 Electrical characteristics Units | Frequency Requirements Component
at 20 °C MHz or test
standard

2.1 Contact reliability TO Clause 7 of IEC 60603-7 IEC 60603-7

Other Annex B Annex B

2.2 Transmission performance Connector category

3 4 5
221 Maximum attenuation ») dB 1 0,42 0,1 0,1 Annex A,
4,0 04? | o1 01 A3
10,0 042 | 01 0,1
16,0 042 | 02 0,2
20,0 — 0,2 0,2
31,25 — — 0,2
62,5 — — 0,3
100 — — 0,4
2.2. Minimum NEXT loss V) dB 1 58 >65 565 Annex (A,
4,0 46 58 >65 A.2.312
10,0 38 50 60
16,0 34 46 56
20,0 — 44 54
31,25 — — 50
62,5 — — 44
100 - — 40
2.2. Minimum return loss dB 1<f<20 - 23 26 Annex|A,
20 < f< 100 - - 26-20* log (f/20) A.2.383
2.2.4 |Input to output resistance )3 mQ d.c} 300 IEC 605].2-2
2.3 Maximum transfer impedance ¥ mQ T 100 (f.f.s.)
(Applicable only when an overall 10 200 (f.f.s.)
shield is present) 100 ffs. f.f.s.

1) F¢r connecting devices that provide cross-connettions without patch cords or cross-connect jumpers (for example,
thpse with internal switching), attenuation,,ipput to output resistance, and transfer impedance shall not exceed the
equivalent of two connectors and 5 m of pateh’cord of the same category. Also, NEXT loss of such devices shall not
ejxceed 6 dB worse than the values in 2.2,2!

2) Inktalled category 3 connectors should exhibit an average attenuation of equal to or less than 0,2 dB up to 16 MHz
per random connection.

3) DC resistance is a separate measurement from the contact resistance measurements required in normative anngx B.
Whereas d.c. resistance is measured to determine the connector's ability to transmit direct current and [low-
fréquency signals, contact resistance measurements are used to determine the reliability and stability of individual
elpctrical connections.

9.p.5 Telecommunications outlet requirements
Eqch 100.Q and 120 Q horizontal cable shall be terminated at the TO with an unkeyed jack that
meets 9.2:3 and 9.2.4. Pin and pair grouping assignments shall be as shown in figure 13.

AATA

JACK POSITIONS

Figure 13 — Eight position jack pin and pair grouping assignments
(This illustration is a front view of the connector.)
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If two pairs are provided at the TO, the default pair assignment shall be pins 4-5 and 3-6 with
consistent pair groupings to those of figure 13.

Pair re-arrangement at the TO should not involve modification of the horizontal cable
terminations. If pair re-arrangement is used at the TO, the configuration of the outlet
terminations shall be clearly marked.

NOTE 1 When two physically similar cabling links are used in the same installation (for example, different
performance categories and cables with different nominal impedance), special precautions are required to ensure
that they are properly identified (see clause 11).

N TE 2 I G BEaB-aE B LIIVIL IV L HP-S=Y daed-te [oira thaot ooivc re—taroaiaatad aoictanth. ot th 'I'O
L — +O—ERSHe—Preper—eonReetvt —eatre—+5+ ea—to—eRStHe—that aH-S—afe—teHHatea—EeoRstSteRtry—at—+thre|

anf FD. If pairs are terminated on different positions at the two ends of a link, through connectivity will be lost:\Jee
clguse 11 for cabling system administration.

9.P.6 Installation practices

The untwisted length in a cable element as a result of termination to connecting hardwdre
should be as short as possible. It is recommended that only the length of cable jacket required
fo termination and trimming should be removed or stripped back. AlsQy it is recommended
that, for links with category 4 components, pair twisting should be maintained to within 25 mm
of| the termination and that, for links with category 5 components,-pair twisting should pe
maintained to within 13 mm of the termination. The use of quad cables may require that each
sifle circuit of the quad be twisted separately. These recomimendations are provided [to
minimise the impact of terminations on transmission charactéristics and are not intended |to
cgnstrain twist length for cable or jumper construction.

Ingtalled transmission performance of componentsi-that meet requirements of differgnt
pgrformance categories (that is, cables, connectarst@and patch cords that are not rated for the
same transmission capability), shall be classified by the least performing component in the link.

Grounding requirements and shield continuity considerations for cables with an overall shigld

are specified in clause 10.

9.8 Connecting hardware for 150~"Q cabling
9.B.1 General requirements

The following requirements” apply to all connecting hardware used to provide electrigal
cannections between the 150 Q shielded balanced cables specified in 8.2. It is desirable that
hgrdware used to ditectly terminate 150 Q cable elements be of the insulation displacement
cannection (IDC) type.

9.B.2 Performance marking

Connecting hardware intended for use with 150 Q cabling should be marked to designate
trgnsmission performance at the discretion of the manufacturer. The markings, if any, shall pe
vigibte during installation.

=

NOTE Performance markings are in addition to, and do not replace, other markings specified in 9.1.7, clause 11 or
those required by local codes or regulations.

9.3.3 Mechanical characteristics

Connecting hardware intended for use with 150 Q cabling shall meet the requirements
specified in table 39.
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Table 39 — Mechanical characteristics of connecting hardware
intended for use with 150 Q cabling

1 Mechanical characteristics Units Requirements Cpmponent or test
standard
1.1 Physical dimensions only at TO interface IEC 60807-8, Mating dimensions IEC 60807-8
and gauging
1.2 Cable termination compatibility
1.2.1 | Nominal conductor diameter mm 0,5t0 0,651 -
1.2.2 [ Conductor type Patching/ Stranded or solid conductor -
jumpers
Other Solid conductor
1.2 Nominal diameter of insulate conductor mm 1,1t0 1,92 8.3 of IEC 60811-[1-1
1.7 Number of conductors | TO 4 -
Other 22n(n=1,2,3,..)
1.4.5 | Cable outer diameter TO mm <203 8.3 of IEC 60811-[1-1
Other N/A
1.3.6 | Shield performance See table 38, row 2.3 -
.3 Mechanical operation (Durability)
1.3.1 | Conductor termination cycles >200 9 Annex A
1.3.2 | Plug interface cycles >1°000 IEC 60807-8
1| Because it is not required that connecting hardware be compatible{with cables outside this range, special cafe
shall be taken to ensure compatibility between cables with conductor diameters as low as 0,4 mm (when usef)
and the connecting hardware they are used with.
2)| Because it is not required for connecting hardware to be gompatible with cables outside this range, special
care shall be taken to ensure compatibility between cabkles with insulated conductor diameters as high &s
2,4 mm (when used) and the connecting hardware they\are used with.
3)| Use of the connector specified in IEC 60807-8 is typically limited to cables having outside diameters of 9,5 mm
or less. Flat/oval cables with equivalent cross-sectional area are acceptable.
4| For shielded cables, care should be takenxthat the cross-connect is properly designed to terminate the
shielding. Note that there may be a difference between cross-connects designed to terminate 150 Q balancg¢d
cables with overall shields only, as oppased to cables having both individually shielded elements and &n

5

-

overall shield.

The durability requirement of 1,3'1 is only applicable to connections designed for more than a sing
termination operation (such as those that are used to administer cabling system changes).

le

9.B.4 Electrical characteristics

Connecting hardware intended for use with 150 Q cabling shall meet the requiremer

Sp

ecified in taple 40.
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Table 40 — Electrical characteristics of connecting hardware
intended for use with 150 Q cabling

2 Electrical characteristics Units Hrequency Requirement Component or test
standard
MHz
2.1 Contact reliability TO Clause 7 of IEC 60807-8 IEC 60807-8
Other Annex B Annex B
2.2 Transmission performance
2.2.1 | Maximum attenuation V) dB 1,0 0,05 Annex A,
A.2.3.1
4,0 0,05
10,0 0,10
16,0 0,15
20,0 0,15
31,25 0,15
62,5 0,20
100 0,25
2.p.2 Minimum NEXT loss Y dB 1,0 >65 Annex A,
4,0 >65 A23.2
10,0 >65
16,0 624
20,0 60,5
31,25 56,6
62,5 50,6
100 46,5
2.p.3 Minimum return loss dB >1 MHz 364 Annex A,
<16 MHz 369 A.2.3.3
>16\WHZ 36-20 log (f/16) ¥
<100 MHz 36-20 log (/16) %)
2.p.4 | Input to output resistance 1) 2 mQ d.c. f.f.s. IEC 60512-2
2.B Maximum transfer impedance V) mQ 1 100 (f.f.s.) ff.s.%
(Applicable only when an overall 10 200 (f.f.s.)
shield is present) 100 fis

NQTE Requirements for FEXT loss are under study.

D |For connecting devices that provide cross-connections without patch cords or cross-connect jumpers, (fpr
example, those with internal switching), attenuation, input to output resistance, and transfer impedance shall
not exceed the equivalent of twe\connectors and 5 m of patch cord of the same category. Also, NEXT loss pf
such devices shall not excegd'9-dB (f.f.s.) worse than the values in 2.2.2 above.

2 [DC resistance is a separate“measurement from the contact resistance measurements required in normatiye
annex B. Whereas d.c- fesistance is measured to determine the connector’s ability to transmit direct currept
and low-frequency signals, contact resistance measurements are used to determine the reliability and stability
of individual electrical connections.

3) | Although the IEG.60096-1 test method is intended for coaxial cables, it may be applied to measurements ¢n
connectors used to terminate balanced cables with an overall shield, when signal carriers are excited in|a
common maede.

4) |Values.above 26 dB need not be tested for conformance.

9.3.5 Telecommunications outlet requirements

Each 150 Q horizontal cable shall be terminated at the TO with an interface connector that
meets 9.3.2 and 9.3.3, and pair assignments specified by ISO/IEC 8802-5.

9.3.6 Installation practices

The untwisted length in a cable element as a result of termination to connecting hardware
should be as short as possible. Only the length of cable jacket required for termination and
trimming should be removed or stripped back. Also, it is recommended that pair twisting be
maintained to within 13 mm of the termination. The use of quad cable may require that each
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side circuit of the quad be twisted separately. This recommendation is provided to minimise the
impact of terminations on transmission characteristics, and is not intended to constrain twist

le

ngth for cable or jumper construction.

Grounding requirements and shield continuity considerations for cables with an overall shield
are specified in clause 10.

9.

4 Optical fibre connecting hardware

9.4.1 General requirements

TH
cQ

re

9.

Caorrect coding of connectors and adapters, for example by colour, should_be used to ensu

th

pg
an

N(g

re

.#£.3 Mechanical and optical characteristics

de
he

e requirements of 9.4.2 to 9.4.6 apply to all connecting hardware used to provi
nnections between optical fibre cables specified in clause 8 with the following exception-' T
uirements of section 9.4.4 and table 41, item 1.1 apply to the TO only.

1.2 Marking and colour coding

it mating of different fibre types does not occur. Also, keying and theddentification of fil
sitions may be used to ensure that correct polarity is maintainedy‘\for duplex links. S
nex H.

TE These markings are in addition to, and do not replace, other markings specified in clause 11, or thd
uired by local codes or regulations.

ptical fibre connecting hardware shall meet the requirements specified in table 41.

Table 41 — Mechanical and optical characteristics of optical fibre connecting hardware

1 Mechanical and optical WUnits Requirements Component or test
characteristics standard
1.n Physical dimensions only at TO IEC 60874-19, Mating IEC 60874-19 (SC-D) !
interface dimensions and gauging
1.p Cable termination compatibility
1.p1 Nominal cladding diamgter pm 125 5 (Ala, Alb) and 32.2
(B.1) of IEC 60793-2
1.p. Nominal buffer diameter mm - 6.1 of IEC 60794-2
1.p Cable outer diameter mm - 6.1 of IEC 60794-2
1.B Mechanicahoperation (Durability)
1B.1  |Plug interface | cycles | >500 4.5.32 of IEC 60874-1
1.p Transmission performance
1.p.1 NMaximum attenuation %) Other dB 0,52 27.1 of IEC 60874-1
(Method 7)
Splice 0.3 IEC 61073-1
1.4.2 Minimum return loss Multimode dB 20 27.4 of IEC 60874-1
Singlemode 26
1 See 9.4.4.

2)

3)

Attenuation of installed connections will reflect optical fibre tolerances and may exhibit an average attenuation
equal to or less than 0,5 dB per random connection. Absolute maximum attenuation shall be 0,75 dB. This
value is based on maximum backbone length as defined in clause 6 and assumes active components in the FD
and CD. Expansion into the horizontal cabling may be achieved with shorter backbone lengths or by
connections, each with an absolute maximum attenuation of 0,5 dB.

Attenuation values of connectors and splices as specified, shall be met with the referenced test method where
the optical source produces an overfilled launch condition (e.g. an LED source). However, measurements with
an optical source that produces an underfilled launch condition (e.g. a laser source) will always produce lower
attenuation values.
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9.4.4 Telecommunications outlet requirements

For new installations and installations without installed optical fibre connectors, the optical fibre
cables in the work area shall be connected to the horizontal cabling with a duplex SC
connector, (SC-D), that complies with sectional specification IEC 60874-14.

Networks, having an installed base of IEC 60874-10 (BFOC/2,5) connectors and adapters, may
remain with the BFOC/2,5 connector and adapter for both existing and future additions to their
fibre network.

The nptir\al fihre connector used shall meet the rnqniromnnfc of 943

9.4.5 Cross-connect jumpers and patch cords

Cables used for cross-connect jumpers and patch cords in the CD, BD and FD shall meet the
pgrformance requirements described in clause 8. See also annex H.

9.41.6 Optical fibre connectivity

All connectivity options shall use colour coding and labelling to distingujsh between the optic¢al
figre types of clause 8.
NQTE It is recommended that the connectors and adapters should be coloured in such a way as to distingujsh

befween single mode and multimode optical fibres. Additional colours ar,labels will be required to distingujsh
befween the multimode optical fibre types.

Consistent polarisation of duplex optical fibre connections shall be maintained throughout the
cgbling system by means of physical keying, administration (for example labelling), or both.
Pglarisation assignments should be as shown in annéx H (figures H.1 to H.3).

Gliidelines on recommended optical fibre connectivity practice are provided in informative
annex H.

1(Q Shielding practices

This clause applies when shielded cables or cables with shielded elements or units are used.
Only basic guidance is provided: The procedures necessary to provide adequate grounding for
bdth electrical safety and -EMC performance are subject to national and local regulations, are
dgpendent on proper workmanship, and are at times only accomplished with installation specific
engineering. Note that-improper handling of shields may degrade performance and safety.

1.1 EMC

Shields are~intended to improve EMC performance. To achieve this effect they have to pe
prpperly bended. Shielding, to be effective, requires that all cabling components are shieldgd
arld meetrequirements for transfer impedance 1) given in clauses 8 and 9. Shielding has to pe
cantintous for the complete channel. This means that work area, equipment cables and the
eduipment attachment while not part of the generic cabling must also satisfy the continuity
requirement. Cabling components (including work area and equipment cables) should be
carefully chosen, properly installed and inter-connected. Particular attention should be paid to
connecting hardware and termination practices.

NOTE 1 The 1990 edition of International Standard IEC 60603-7 does not address termination of shields. The
revision of this International Standard will include specification of shielding.

NOTE 2 By installing components with shields, EMC regulations are not necessarily fulfilled.

1) Low transfer impedance of cables and connecting hardware alone is not sufficient. Cables have to be terminated
in the connecting hardware in such a way that shielding effectiveness is maintained. The termination methods
are dependent on the type and design of the cable and connecting hardware. Supplier's instructions should
provide the information necessary to meet this requirement. Methods to determine shielding effectiveness for
class B and better are under study.


https://standardsiso.com/api/?name=fecd44df786605ae23e07d4afb8b0fd1

— 56 - ISO/IEC 11801:1995
+A1:1999+A2:1999(E)

10.2 Grounding

Warning: The recommendations in this subclause are based on operational considerations
only. There are significant safety considerations associated with bonding cable shields and
other metallic parts (for example moisture barriers) to ground which need to be taken into
account. Local regulations shall apply and safety practices should be followed.

Bonding shall be in accordance with applicable electrical codes.

All shields of the cables should be bonded at each TC. Normally, the shields are bonded to the
edquipment racks, which are, in turn, bonded to building ground.

The bond shall be designed to ensure that

a)| the path to ground shall be permanent and continuous. It is recommended that each
equipment rack is individually bonded, at the local distribution, in order™o assure the
continuity of the ground path,

b)[ the cable shields provide a continuous ground path to all parts of a gabling system that gre
interconnected by it.

This bonding ensures that voltages that are induced into cabling (by-lifts or other disturbancgs)
are directed to building ground, and so do not cause interferencé_of the transmitted signals. All
grpunding electrodes of different systems in the building shall be bonded together to reduce
effects of differences in ground potential. The building«greunding system should meet the
grpund potential difference limits of 1 V r.m.s. and a low, resistance between any two grounds
on the network. It is recommended that metallic conduits used to house grounding conductpr,
should be bonded to the ground conductor at both ends.

If the 1 V r.m.s. requirement cannot be met, then optical fibre cable should be used to eliminate
the risk of high ground currents.

FqQr recommendations on grounding ~of cable shields for performance considerations, sge
IEIC 61000-5-2 (under consideration):2) .

11 Administration

Administration is an essential aspect of generic cabling. The flexibility of generic cabling can be
fully exploited only.if~the cabling is properly administered. Administration involves accurgte
identification and_rfecord keeping of all the components which comprise the cabling system as
well as the pathways, telecommunications closets and other spaces in which it is installed. All
changes to thecabling should be recorded as and when they are carried out; this is essential|to
maintaining its flexibility. Computer based administration of records is strongly recommended|

11.1 A~Scope of administration

The requirements Tor adminisiration described In this clause apply 10 generic cabling, and to
the pathways and spaces in which it is installed. It is strongly recommended that the principles
of administration described in this clause are also applied to any application specific cabling
and equipment installed.

11.2 Identifiers
Every element of generic cabling, and the pathways and spaces in which it is installed, should

be readily identifiable. A unique identifier (such as name, colour, number, and/or string of
characters) shall be assigned to every cable, distributor, and termination point in the cabling.

2) See annex J, Bibliographical references
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Each TO should be labelled to reference the following information regarding the choice and

im
a)

b)

plementation of installed cabling.

TO: IEC 60603-7 Cable impedance, category of cabling components and pair count
the TO.

TO: optical fibre Optical fibre design.

at

Suitable identifiers shall also be applied to the pathways and spaces in which the cabling is
installed.

The elements to which the identifiers are assigned shall be clearly marked in some w4

C

11

bles should be marked at both ends.

.3 Records

Re¢cords of the administration of the generic cabling shall be maintained. A,reference to t

re

Al
th
fa

11

G
lo

Sults of acceptance tests, if made, should also be kept.

hough not a requirement of this International Standard, it is also advisable to associate w
b records of the system configuration, a list of applications that are-being supported. This
Cilitate troubleshooting in case of problems.

.3.1 Documentation

pod control of all of the records kept (such as: as built drawings showing cable routes, T
cations and identification, distributor construction and-ayout, test and acceptance results,

well as connectivity mapping) is vital to the administration process. It is also important

en
dg

NQ
JT

sure that suitable procedures are implemented and followed for the timely updating
cumentation with changes to the configuration'of the cabling.

TE A technical report dealing with detailed. administration requirements will be developed by ISO/I
C 1/SC 25.

Y.
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th
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O
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to
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Annex A
(normative)

Test procedures

This annex on test procedures is divided into three parts. A.1 applies to the cabling, A.2 appli

es

torimdividuatcomponentsof-thecabtngandASHustrates how-tomake measurements—omnt
cdmponents. The number of samples to be tested is not necessarily 100 % but depends eh_t
gyality assurance level that is specified in the context of a specific installation.

—

specifications as they become available.

All Link performance testing

The test procedures described in this section are defined in generalterms and are intended
add clarity to the parameters specified in clause 7 of this Intérnational Standard. It is t
infention to describe what has to be measured rather than how’to make the measuremen
Mgaking measurements at high frequencies requires some knowledge and expertise, and oft
specialised test equipment.

e
he

is intended to replace all of the specifications in this annex by reference tg\international

to
he
Is.

Care should be exercised in the interpretation and the significance of any results obtained frgm

ddtailed test methods or practices other than those.shown here. Correlation factors should
idéntified and applied when needed.

A.L.1 Testing balanced cabling links

Attenuation shall be measured from 4-MHz to the highest referenced frequency for a giv
category using a step size no greatenthan 1 MHz. NEXT loss shall be measured from 1 MHz
the highest referenced frequency-for a given category using a step size no greater th
0,15 MHz in the 1 to 31,25 MHz range and no greater than 0,25 MHz in the region abo
31,25 MHz.

When a shield is presént in the cabling, it shall be connected to the measurement (instrume
grpund throughout theZmeasurements, unless otherwise stated.

All.1.1 Terminations

The electrical performance of the links can be measured by connecting the source and lo
o
agsumed to have negligible source impedance, but they can contain part or all of the seri
repistances R,, R,. Sources V, and V, need not be applied simultaneously. R, equals 50 Q.

eN

ad

cuitsein the measurement configuration shown in figure A.1. The voltage sources 4dre

F,

and Ry are half the nominal differential characteristic impedance at the measurement

frequency (Z./2).

Near end crosstalk (V7 and Vg) is measured at any interface not directly connected to the p
connected to the source.

air
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v
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Figure A.1 — Measurement.configuration

A.lL.1.2 Calibration

Where the voltage sources cannot be measured directly, their effective values can be deduc

ed

uging the calibration configuration shewn in figure A.2. The effective value of V; then equals

the sum of the measured values of\V5; and V, with V, set to zero. The effective value of
equals the difference between the“measured values of V5 and V, with V; set to zero. T
method has the advantage of\correcting for gain variation in the measurement devices
other parts of the test systemy

The balance of the test.system should be such that the ratio of the sum of V3 and V, to V, w|

Vj set to zero, and-the ratio of the difference between V3 and V, to V; with V, set to ze

\Z)
is
nd

th
o,

shiould be at least™20 dB smaller than the cabling balance performance requirement at each

frequency. This)condition should be met in the calibration configuration with either polarity
cgnnection between the source network and the load network.

of

Va
R, |
1

Figure A.2 — Calibration configuration
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1.1.3 Longitudinal conversion loss

Measurement shall be based upon ITU-T Rec. 0.9.

Longitudinal conversion loss is measured with V, set to zero.

[Va (F) - v ()

a) Measured at a single port (LCL) balance = - 20log1g in dB
vy (f)
Ve (f) VA (f)l
b)[ Transmission unbalance (LCTL) = - 20logp—————"in dB
v (f)
The validity of measurements of LCL and LCTL on installed cabling requires further Istudy. Until

th
de

A.

A

a)

b)

TH

The

Va
m

TH
up
is

be

A.

TH
IE
st
st

P measurement is validated, conformance to this International Standard can be\achieved
sign.

1.1.4 Return loss and propagation delay

voltage V, is applied. V; is set to zero, R, = Z¢/2.

Return loss = - 20 logqg M(_\)MH dB

Propagation delay is measured by applying a step Meltage V, with V; =0, R, = Z¢/2 a
R4 = Open circuit and/or short circuit. A timer is started in synchronization with the appli
step.

e value V(t) = V(1) — V,4(t) is measured.

propagation delay Tp is given by ts/2where ts is the time at the point at which the slope
(t) changes sign when the open and_short circuits for Ry are swapped. This can be se
bre clearly if the open and short circuit responses are subtracted from each other.

e propagation delay is frequency dependent; for example measurements at 10 MHz can
to 10 % lower than at 1 MkiZ. If the propagation delay indicated by the above test procedy

performed at the frequency of the application to guarantee its correct operation.

1.1.5 Transferimpedance

e test procedures for measuring the transfer impedance of shielded cables are specified
C 60096:1)" clause 18. The test procedures for measuring shielded cabling are for furth
Idy. Untth the tests are developed, conformance with the requirements of this Internatior
andard can be achieved by design.

by

nd
ed

of
en

be
re

within 10 % of the delay requirements for the selected application, then further tests should

in
er
al

A.

1.2 Testing optical fibre cabling links

The test procedures for optical cable installations are based on the test methods described in
CCITT (ITU-T) Recommendations G.650 and G.651. Later IEC standards apply when available.
The test methods can be applied to optical cables irrespective of dimensions.

A.

1.2.1 Requirements of the test equipment

Measurements should be made at one or more wavelengths in the ranges shown in tables 11
and 12.
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The characteristics of the optical source for all of the test measurements described below shall
comply with the requirements of IEC 60793-1. The source may or may not be modulated,
depending upon the measurement being made. The launching system may include components
such as cladding mode strippers, mode filters, optics, mode scramblers or others as
appropriate.

The characteristics of the optical receiver for all of the test measurements below shall comply
with the requirements of IEC 60793-1.

Field measurement of multimode optical bandwidth needs only to be considered for
measwermeht whaon tha anticnal handwvoaidih of tha innat filhen 1o pinlenoaan Additianallv, oot Finld
Pasurement-when-the-optical-bandwidih-oH-the-input-Hbre—is—unknown—Additionaly—mosttis
bgndwidth measurement equipment requires a minimum of 1 000 m of fibre to performypn
adcurate and repeatable test.

A.lL.2.2 Attenuation measurements
The initial measurement set-up is configurated as shown in figure A.3.

The received optical power P, is measured and recorded.

P
Optical J
source Optical
launchin g receiver
system

Figure A.3 — Calibration

The calibrated source and receiver are then-connected to the optical link under test, as shoywn
inffigure A.4.

P2
Optical
source | Optical cabling [ ] Optical
launching ! under test “ receiver
system

Figure A.4 — Test set-up

The link<under test is than connected as shown in figure A.4, and the received optical power,
P{, isameasured and recorded. The attenuation of the cabling is then defined by:

B, [
A= T00g505 E'n aB
L2

A.1.2.3 Propagation delay measurements

(f.f.s.)

A.1.2.4 Optical return loss measurements

(f.f.s.)
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Cabling link tests can be used in a number of ways:

a)

b)

Acceptance testing

ISO/IEC 11801:1995
+A1:1999+A2:1999(E)

As a means of validating installed cabling which is known to meet the requirements of
clauses 6, 8 and 9, or which has been previously verified by the tests referred to in c¢)

below.
Troubleshooting

c)

TH
cQ

Asa means of troubtestootingimstatted cabtmg—Appropriatetests shoutdbe—setected g

those indicated.
Compliance testing

As a means of testing installed cabling, comprising known or unknown components,
compliance with the requirements of clause 7.

Table A.1, the type of test likely to be carried out for each link is indicated by an "X".

Table A.1 — Parameters for testing cabling links

Balanced cabling link tests

Acceptance

Troubleshooting Compliance

Characteristic impedance

(X)

Propagation delay

DC resistance

Near-end crosstalk loss

Attenuation

Return loss

X | X | X | X|[X

Shield d.c. resistance

Echo response

Continuity of conductors, shields (if applicable),
short and open circuits

X | X[ X[X]X]|X

Optical fibre link tests

Multimode modal bandwidth

Propagation delay

Optical attenuation

Return loss

X | X | X|[X

e values of the parameters measured should meet the
nSistent with the length of the installed cabling.

requirements of clause 7, and

or

be

A.2 Transmission testing of connecting hardware for balanced cabling

As LAN speeds increase and users invest in high performance balanced cabling, it is important
to specify connecting hardware that has compatible transmission characteristics with the
various grades of cable presently available. Careful selection of connecting hardware will help
to assure that the impact of connectors on channel performance is minimised. This annex
outlines test parameters, methods and apparatus, as they relate to the minimum transmission
requirements given in clause 9.
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Categories of connecting hardware specified in clause 9 correspond with cable types and
categories found in clause 8, so that cables used with connectors of the same category will
experience minimum performance degradation when properly installed. The types and
categories of balanced cabling systems are described in clause 6.

NOTE Test reports on connecting hardware transmission performance should reference the nominal impedance of
the test set-up (that is, test leads, test baluns and impedance matching terminations used).

A.2.1 Purpose and scope

ing
s
arjnex contains the minimum set of transmission parameters and test methods necessaty|to
agsure that properly installed connectors will have minimal effects on cable performange.
These requirements apply to only individual connectors which include, but are npot:\limited [to

T®s, patch panels, transition connectors and cross-connects. Transmission characterisation|of
these components does not include the effects of cross-connect jumpers or patch cables.

While the intent of this annex is to minimise the effects of connectors.ofr end-to-end systgém
pdrformance, it should be noted that requirements for connectors of(aygiven type or categary
arp not sufficient in themselves to ensure required system performance. Link performance also
dgpends on cable characteristics (including cross-connect jumpeks ‘and patch cords), the tofal
nymber of connections, and the care with which they are installed and maintained. Hor
gyidance and requirements on connector termination practices’; cable management and the ulse
of|cross-connect jumpers/patch cords, see clause 9 and annex C.

A.R.2 Applicability

The transmission requirements specified herein.are applicable to connecting hardware for use
with balanced cables, the requirements for which are given in clause 8. This annex relates|to
cannecting hardware performance with respect to balanced cable of a given nominal
in}pedance only. Product compliance withhthis specification when tested with a specific cable

type does not imply compatibility with_other cable types or cables with nominal impedanice
values other than those used for qualification testing.

Although the test methods and‘ apparatus described herein apply to two or more cable
elements, the nature of these\tests is such that, when conducted properly, worst case trans-
m{ssion performance may~be determined for pair groupings of a specific connector,
inflependent of the quantity of cable elements that it is capable of terminating. For example] it
may be necessary tolsample groupings of adjacent pairs on cross-connect blocks designed for
ude in 10 or 25 pait-increments to determine worst case crosstalk performance variations.

Tgst results en>connecting hardware shall be based on products terminated per manufacturef's
gyidelines<and recommended installation methods. For connecting hardware with modular
inferfaces.components (such as plug and jack connectors), transmission tests shall pe
pdgrformed with both components in a mated state. For qualification testing, both plug and jack
cgmponents shall be identified. Product compliance shall be determined using worst cage
measured values based upon a minimum of ten (10) randomly Selected producton samples,
consisting of a minimum of at least one of each unique circuit design or layout. For example, a
multiple port circuit assembly is tested with a minimum of 10 of each port having a unique
circuit design or layout. For connecting hardware having multiple ports on the same assembly
(such as a patch panel), the samples shall be tested from a minimum of two separate finished
assemblies.
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For mateable connectors where one component is intended to be fixed (rigidly mounted, such
as modular sockets) and the other is free (such as modular plugs), product compliance shall be
determined using worst case measured values based upon a minimum of ten (10) of each fixed
component and a minimum of five (5) of each free component (that is 10 sockets and five
plugs) tested in a minimum of ten (10) combinations total. There shall be no more than two
socket samples tested with the same plug. All test specimens shall be randomly selected from
production samples. For IEC 60603-7 connectors, additional test plug requirements are
specified in A.3.2.

A.2.3 Test parameters

A.R.3.1 Attenuation

Attenuation is a measure of signal power loss due to the connecting hardware and isiderived
fram swept frequency voltage measurements on short lengths of balanced test deads befgre
and after inserting the connector under test.

T4ables 24 and 26 in clause 9 specify worst case attenuation of any pair within a connector for
the applicable balanced cable type and performance category.

A.R.3.2 Near-end crosstalk (NEXT) loss

Ne¢ar-end crosstalk is a measure of signal coupling from<ene circuit to another within| a
cgnnector and is derived from swept frequency voltage measurements on short lengths |of
bdlanced test leads terminated to the connector under test. A balanced input signal is applied
tola disturbing pair of the connector while the induced sighal on the disturbed pair is measurged
at|the near-end of the test leads.

Tables 24 and 26 in clause 9 specify worst case NEXT loss of any pair combination within a
cgnnector for the applicable balanced cable type and performance category.

A.R.3.3 Return loss

Connector return loss is a measure,of the degree of impedance matching between the cable
ar]d connector, and is derived from swept frequency voltage measurements on short lengths|of
teft leads with the appropriate characteristic impedance before and after inserting the
cgnnector under test. A balanced input signal is applied to a connector pair, while signals that
are reflected back due to'impedance discontinuities are measured at the same port from which
the signal is applied,.Tables 24 and 26 in clause 9 specify worst case return loss at specific
frequencies for the'applicable balanced cable type and performance category. The same sgt-
uf that is used forrNEXT loss measurements is also used for return loss, except that only a
simgle connectionvis made to the network analyser.

A.R.4 Transmission testing of connecting hardware for balanced cables

A.R.4.1 " General

The transmission tests described in this annex typically require the use of a network analyser
or equivalent, coaxial cables, baluns, balanced test leads, and impedance matching
terminations. Each setup component shall be qualified to a measurement bandwidth of at least
1 MHz to 100 MHz. Calibration procedures for attenuation, NEXT loss, and return loss
measurements are specified by the manufacturer of the test equipment.

NOTE Because the transmission performance of modular jack and plug connectors is determined in a mated state,
and because cables used for modular patch cords are subject to the requirements of annex C, the performance
category of modular plugended patch cords is determined by the performance capability of the plugs and cables
tested separately, and not by the performance of the finished cable assembly. Although this annex provides
requirements on connections to test plugs for proper performance characterisation of modular jack and plug
connections, termination practices and qualification guidelines for factory and field administered modular plug and
cable terminations are a subject of future study.
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A.2.4.2 Test set-up and apparatus

Balanced test leads are used for connections to and from the test sample. Test leads shall be
taken from cables that meet or exceed requirements for the highest performance 100 Q, 120 Q
or 150 Q cable given in clause 8 or annex C. The balanced test leads shall be limited to a
length of 65 mm between each balun and the connector under test. If used, coaxial cable
assemblies extending to and from test equipment should be as short as possible. It is
recommended that they do not exceed 0,6 m each. If a balun ground plane is used, a
separation of at least 10 mm shall exist between it and the balanced test leads at the point they
are connected to the baluns. In addition, separation between the active conductors of the

a0 ot Ca—1C c o1e o v > v, e

bglanced test leads are shielded, the shield shall be connected in common with the-balun
casing on at least one end.

Infpedance matching terminations for the balanced test leads and the product under test shiall
bg matched to the nominal impedance of the test leads (in particular 100 Q, 120°Q or 150 Q)
with a tolerance not to exceed £3 % (+1 % precision metal film or precise™ow inductance
repistors are recommended), throughout the frequency range from 1 MHz,t0.200 MHz.

Unless the network analyser is equipped with balanced outputs, baluns/are required to provide
trgnsmission continuity to the balanced test leads. Test baluns shall-be RFI (Radio Frequency
Interference) shielded and shall comply with the specifications listed in table A.2.

5 =

Table A.2 — Test balun performance characteristics(1 MHz — 100 MHz)

Parameter Value
Impedance, primary 1) 50 Q (unbalanced)
Impedance, secondary 2) 100 Q, 120 Q or 150 Q (balanced)
Attenuation 1,2 dB max.
Return loss, bi-directional 20 dB min.
Power rating 0,1 min.
Longitudinal balance/3) 50 dB min.

1) Primary impedancecmay differ, if necessary to accommodate analyser outputs other
than 50 Q.

2) Balanced outputs/of the test baluns shall be matched to the nominal impedance of the
test leads (100 Q, 120 Q or 150 Q).

3) Measured\per ITU-T Recommendations G.117 and 0.9

Fqr crosstalk measurements, near-end of the transmission test setup corresponds to the epd
fram which test signals are applied. Far-end is defined as the end of the product under test that
is| not\ directly connected to measurement equipment. For NEXT loss and return loss
measurements, pairs at the far-end are terminated with impedance matching terminations

For pairs not under test, impedance matching terminations are not required on the near-end.
Product orientation, with respect to near-end and far-end, may affect measurement results.
Due to these effects, the connector shall be tested in the orientation that best reflects installed
field use. Products that are intended to receive near-end signals from either orientation (for
example, those that may be used as TOs as well as in telecommunications closets for
patching) shall be tested in both orientations for NEXT loss, attenuation, and return loss.
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A.2.4.3 Test method

Transmission performance of connecting hardware is determined by evaluating its impact upon
measurements of attenuation, NEXT loss and return loss with respect to the appropriate
balanced test leads. Calibration and/or reference data sweeps are collected with balanced test
leads in place to assure a minimum noise floor of 80 dB for attenuation and NEXT loss
measurements. For return loss measurements, the set-up return loss shall be greater than, or
equal to, 50 dB when calibrated with the specified impedance matching terminations.

After calibration, reference sweeps, or both are performed, the test leads and impedance

matehinrg—terminations—are—connected—to—the test sample—and—connector—transHssion
pterH R g—te - HRaHOR o Hectea—+t tH oS+ SHHH e HHe-cte—HahRSHH }

pgrformance data is collected for each parameter.

S¢e figure A.11 for an example of a set-up implementation that yields accurate and repeatable
ndar-end crosstalk performance data for connecting hardware with modular jack.and plug
cgnnectors.

A.R.4.4 Measurement precautions

Tq assure a high degree of reliability for connecting hardware transmission measurements, the
following measurement precautions are required.

a)| That consistent and stable balun and resistor terminations are used for each ppir
throughout the test sequence. In order to reduce variability, términating resistors should pe
connected directly to the far-end of the connector undeér)test. Balun terminations may pe
used, provided they are shown to yield equivalent results.

b)| That cable and test lead discontinuities, as introduced by physical flexing, sharp bends ahd
restraints, be avoided before, during, and after connector termination.

c)| That, throughout the test sequence, the relative spacing of the test leads be preserved|to
the greatest extent possible.

d)|] That the test leads and connector under-test be separated from metallic surfaces, such gs
ground planes, and isolated from soutces of electromagnetic interference.

e)| That the balance of the test leads e maintained by consistent wire lengths and twisting|to
the point of termination.

f) | That coaxial and balanced tead lengths be kept as short as possible so that resonance ahd
parasitic effects are minimised. If resonance or deviations from linear slope are observed
during NEXT loss measurements, balun grounding and length reduction of coaxial leads
may improve measyrement accuracy.

g)| That connections between the connector under test and measurement baluns be made o
that wire moyement resulting from connection of different pairs to the network analyser will
produce minimal variability for repeated measurements on the same product (£0,5 dB |or
less is acCeptable). Where practical, a rigid test fixture is recommended.

The sensitivity to setup variations for these measurements at high frequencies warramts
thproagh documentation of all measurement facilities and procedures. Data interpretation and
afplication of the requirements in this annex are appropriate only if satisfactory measurement
repeatabllity Is achieved.

A.2.4.5 Set-up validation

For two port measurements, such as attenuation and NEXT loss, tests shall be performed to
assure an acceptable level of accuracy and linearity throughout the frequency range of interest.
The two tests include set-up attenuation of the baluns plus test leads, and an attenuation
measurement on the baluns and test leads using resistors. These requirements provide a
general indication of the ability of the setup to provide consistent and accurate measurements
over the frequency range of 1 MHz to 100 MHz.
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The measured attenuation of the combined baluns and test leads shall not exceed 3 dB from

1

W
te
b3
Wi
frg
sh

MHz to 100 MHz (figure A.5).

Network anal yzer

N-BNC N-BNC
adapter adapter
Coax.cahle g 3dBmax Coax cable

attenuation

Wideband }”J#{C Wideband
balun = = balun
Total len gth of

balanced test leads
used in test

Figure A.5 — Balun and test lead attenuation measurement

th the network analyser calibrated to factor out the combined attenuation of the baluns a
5t leads, the addition of impedance matching resistors connected across each of the t
lanced outputs of the test baluns (one 100 Q, 120 Q or 150(Q resistor connected in paral
th, and on each end of the balanced test leads) shall resultvin an attenuation of 6 dB + 1,5

ould be kept as short as possible (5 mm or less per‘side).

Network anal yzer

Wideband
N-BNC N-BNG balun
adapter adapter ‘ R O
Coax cable Coax cable
2 <5mm — M
6+-15dB \

attenuation % /
100 Q, 120 Q or 150 Q
Wideband * Wideband
baltin balun
100 Q, 120 Q, or

150 Q

Total length of
balanced test leads
used in test

nd
VO
lel
B

m 1 MHz to 100 MHz (figure A.6). In order to minimise ‘inductive effects, the resistor leads

Figure A.6 — Attenuation measurement using resistors

A.

3 Termination procedure and set-up verification for modular jack and plug
testing

Because of variations that are inherent to the termination of balanced cables to modular plugs
(and to a lesser extent, modular jacks) of the type specified in IEC 60603-7, the following
requirements and guidelines have been developed. When implemented properly, the
guidelines assure that accurate and repeatable transmission test measurements will be
performed with minimal variations between test facilities and personnel. These specifications
are not intended to replace other requirements and guidelines in this annex, and are not
applicable to connecting hardware other than those with the modular interface specified by the
IEC 60603-7.

se
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Because the IEC 60603-7 connector is specified as the TO interface for 100 Q and 120 Q
balanced cabling only, these guidelines are provided for connecting hardware testing with
respect to 100 Q or 120 Q test leads.

A.3.1 Test plug termination

Connections between the balanced test leads and the modular test plug should be made using
the following procedure. It should be noted that the termination procedure described below will
not always result in test plugs that meet the requirements of A.3.3. Familiarity with these
guidelines through repeated use have been observed to yield improved consistency between

te

a)

b)

c)

d)

conductors 4 and 5 shall not exceed 4 mm.

minations.
Strip or position the jacket so that the twisted conductors extend a distance 0of\20" mm
beyond it. The jacket itself should be at least 13 mm long.
Position the cable pairs so that they are sequenced 1 and 2, 3 and 6, 4 and’5, 7 and 8
respectively (figure A.7). To prevent physical invasion between pairs under the jacket when
the plug is crimped, the side-by-side orientation of the test leads shall extend into the jacket
a distance of at least 8 mm, creating a flat portion. The flat, jacketed-portion of the tegst
leads will appear to be oblong in cross-section.
Flat portion ~*— 8mm
min.
W Conductors 1&2
rdund jacke LSS o see
W:E Conductors 4&5
Conductors 7&8
- 13 mm = 20 mm
|
! min. min.
Figure A.7 — Balanced test leads and jacket prior to untwisting
Untwist the insulated conductors and orient them in the correct order for termination so that
they are parallel, and eenductor 6 is made to cross over conductors 4 and 5. There shall pe
no untwisting of the.conductors inside the jacket.
The trimmed length of conductors should be about 14 mm, measured from the jacket. Thare
shall be no_physical crossings between conductors for a length of at least (10 + 1) mm frgm
the wire tipS~(figure A.8). The distance from the jacket where conductor 6 crosses oyer
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1I0mmz=1
|
J
I
—J
Round jacket K Flat portion
— | t—— 4 mm
max.

Figure A.8 — Balanced test leads and jacket prior to plug termination

e)| Insert the plug over the prepared test leads. The conductors shall be *bottomed-out" in the
front of the plug and the flattened portion of the jacketed test leads'shall extend from the
back of the plug to beyond the primary strain relief (figure A.9):“The jacket shall protrude
beyond the back of the plug by at least 6 mm.

Primary strain relief \

6 mm /
—— Conductors

min.

!

bottomed out

Figure A.9 — Completed test plug

f)| Crimp the plug,”and measure the conductor and jacket dimensions again to ensure that
they conformto the required geometry.

A.B.2 Balun and test plug qualification

ce the test plug is termmated (see A. 3 1) |ts characterlstlcs shaII be ver|f|ed by measuri
it . - 4 ) paratlel
with the 100 Q or 120 Q test leads where they connect to the baluns.

For each of the six test plug pair combinations, connect a 100 Q or 120 Q impedance matching
termination (see A.2.4.2) in parallel with the test leads (where they connect to the baluns), and
measure NEXT (figure A.10). In order to minimise inductive effects, the resistor leads should
be kept as short as possible (5 mm or less per side). For each of the six pair combinations, the
measured NEXT loss of the open circuit plug, with 100 Q or 120 Q resistors connected in
parallel with the balanced test leads, shall measure in the range shown in table A.3. This
measurement is sometimes referred to as "terminated open circuit" or TOC test. For
gualification of baluns and setup, the logarithmic recording of NEXT loss versus frequency is a
straight line. Therefore, the difference between the NEXT loss measured at 100 MHz and the
NEXT loss measured at 10 MHz for the baluns and setup shall be 20 dB + 0,5 dB.
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Table A.3 — Test plug NEXT loss requirements

Pin combination Test plug NEXT loss
at 100 MHz
4and 5-3and 6 =40 dB
3and 6 -1 and 2 > 45 dB
3and 6 -7 and 8 = 45 dB
4and5-1and 2 =55 dB
A ond 5 7 andg > 558
land2-7and8 =55 dB

=

the test plug complies with these requirements, the 100 Q or 120 Q resistars shall pe
removed from the baluns before any mated plug/socket measurements are made,

Far product qualification testing, a minimum of five (5) test plugs shall¢be“used. TOC NEXT
regults may be rounded to the nearest 0,1 dB. Of the minimum five test plugs used, three gre
subject to the following additional TOC requirements for pin combinations 4 and 5 as well fas
3 and 6.

D

a)| At least one of the five test plugs used shall exhibitt , TOC NEXT loss in the range
from =40,0 dB to <40,5 dB at 100 MHz.

b)[ At least one of the five test plugs used shall exhibit TOC NEXT loss in the range
from =40,5 dB to <41,5 dB at 100 MHz.
c)| At least one of the five test plugs used shallexhibit TOC NEXT loss of =241,5 dB |at
100 MHz.

NQTE The test plug should be periodically examinedfo¥ physical wear and mechanical degradation.

Network analyzer

N-BNC N-BNC
adapter 1099 @ or 120 adapter

Coax cable Coax cable
Wideband Wideband
balun balun

Total length of 100 Q or
120 Q balanced test
leads used in test

B-pIm pIug
front view

Figure A.10 — Test plug qualification measurement

A.3.3 Typical TO measurement procedure

An example of a measurement procedure that may be used to categorise near-end crosstalk
for various types of TOs is shown in figure A.11. Although it may not be directly applicable to
other types of connecting hardware, it is shown to illustrate a setup that is accurate, simple to
implement, and that will allow a large number of connectors to be characterised in a short
period of time. Set-up variations that yield equivalent results are also acceptable.
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Advantages of this procedure are lack of any soldered connections, the re-use of one 8-pin
modular plug that is terminated with balanced test leads, and that all test leads can be as short
as 50 mm. The test setup is shown in figure A.11. Test baluns may also be connected directly
to the network analyser. The separation between baluns is minimised. To make solderless
connections to balun ports, the test leads are fitted with pins from an integrated circuit (IC)
socket. These pins may be easily removed from a socket and attached to the terminals of the
balun. Connections to the baluns are then made by inserting conductors from the test leads
into the hollow portion of the pin receptacles (figure A.11, detail B). This connection is
comparable to inserting an IC into a socket. A pressure fit is provided, and no soldering is
required, nor are any special tools required.

TH

which has the outer jacket removed approximately 6 mm beyond the plug (see A.3.1).(Beyo

th
A.
in

leqads are adjusted to just reach the baluns, with the two pairs being measured in exac

og
cg

Tda
m
(b
re
th
ta

pr

calibrated. Since the connector under test is considered to consist of a mated plug and sock

it

th
th
th
te

e 8-pin plug used in this setup is terminated per A.3.1 with a short piece of category 5,cab

b jacket, the cable elements are oriented 90° with respect to one another as shown in figu
11, detail C. The tips of these conductors are connected to measurement baluns-by inserti
o the balun mounted IC sockets (figure A.11, detail B). The lengths of the‘“balanced tg

posite directions coming out of the test plug (180° apart). In this way, various p
mbinations may be measured without soldering.

factor out attenuation of the set up, a series of normalising jackS~afe constructed from §
puntable jacks. There is one normalising jack for each of six possible pair combinatio

Ceive pair. For example, when measuring pins 4 and 5 and.8 and 6, the normalising jack
s combination allows a signal entering pins 4 and 5 to &xit’on pins 3 and 6. Care should
en to assure that the loop-back connections on the normalising jack are configured
eserve balun polarity. Once the jack is mated to“the measurement plug, the analyser

s important that the normalising and calibrationcprocedures do not factor out crosstalk noi
it may be attributed to the modular plug and.jack combination. To measure a TO, the plug
bn mated with the test jack, and NEXT lossi4neasurements are performed. When terminati

mination.

e,
hd
re
bn
St
tly
Air

PC
ns

hsed on four test pairs). Each normalising jack connects a specific transmit pair to a specific

or
be
to
is
Pt,
Se
S

ng

b test jack with 100 Q or 120 Q resistors, they should be connected directly to the cable
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Network Analyzer
N-BNC N-BNC
adapter adapter
Coax cable Coax cable
Wideband Wideband
balun balun
8-pin pIu_g plus Total length of
PC mount jack for balancédtest leads
loop-back used in test

Detail A: Test setup without DUT

IC:sockets

Balun

3 e
%

/ / Insulation
4 %
Non-soldered /

Balanced test leads

connection (no shield shown)

Detail B: Test lead-to-balun connections

Jacket

Detail C: 8-pin plug

Figure A.11 — Typical TO NEXT measurement set-up
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Annex B
(normative)

Reliability testing of connecting hardware for balanced cabling

B.1 Introduction

The—reliability—of—connesting—hardware—is—vitalto—the—cabling—system-
repistance because of operational and environmental stress can negatively affect ‘the
transmission characteristics of the building cabling system. Product life testing is accomplishgd
byl subjecting the product to a number of mechanical and environmental conditions ahd
measuring any resistance deviations at prescribed intervals and after completion, of the test
cycle. In addition, the product shall not show evidence of degradation with respect to ease|of

mechanical termination, safety or other functional attributes at any time duringrorafter testing.

Chanaac in caont
hanges—in—contact

Tq ensure that all connecting hardware for the 100 Q, 120 Q and 150 @ cabling systems will
pgdrform reliably under field installation conditions, it shall be capahle-'of passing the tgst
sgquence illustrated in figure B.1l, when mounted and connected in accordance wijth
manufacturer's guidelines. Unless otherwise specified, tests showuld be carried out under
standard atmospheric conditions in accordance with 5.3.1 of IEC®60068-1.

B.2
CONTACT
RESISTANCE
IEC 60512-2
B.3 B.4 B.5 B.9 Bl6
NSULATION DURABILITY VIBRATION CORROSION STRESS
RESISTANCE IEC 60068-2-6 TESTING RELAXATION
EC 60512-2 IEC 60068-2-60 IEC 60068-2-2

B.7 B.7
THERMAL - THERMAL
SHOCK SHOCK
IHC 60068-2-14 EC 60068-2-14
B.8 B.8
HUMIDJTY/ — HUMIDITY/
TEMP.CYCLE TEMP CYCLE
IHC-60068-2-38 IEC 60068-2-38

Figure B.1 — Reliability test programme

For each test sequence, a minimum of 10 product samples, consisting of at least eight test
circuits (conductors) each, or a minimum of 20 product samples, consisting of at least four test
circuits (conductors) each, shall be used to compile data for supporting a conclusion that pass
criteria are satisfied. Unless otherwise specified, two-piece connectors shall be in a mated
state during environmental conditioning.

NOTE 1 It is intended to replace the specifications in this annex by reference to international specifications as
they become available.

NOTE 2 For connecting hardware with 8-position modular connectors, the modular connection shall comply with
the level A reliability requirements of IEC 60603-7. For connecting hardware with 4-position hermaphroditic
connectors, the hermaphroditic connection shall comply with IEC 60807-8 reliability requirements.
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B.2 Contact resistance measurement

Contact resistance shall be measured in accordance with IEC 60512-2, Test Method 2A
(Millivolt Level Method) and shall conform with the following requirements.

a)

b)

If voltage probes cannot be placed within 1,3 mm from the connection point, bulk resistance
should be measured and subtracted out to determine contact resistance.

Initial interface resistance between mated elements of connecting hardware as well as
between connecting hardware and cabling shall not exceed 2,5 mQ. Also, elements of a
connecting system that are subject to more than a single connecting operation throughout

c)

Fd
or
in

B
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TH
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th
fa
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ervals during or after environmental conditioning.

3 Insulation resistance

}4  Durability

normal use shall not exhibit an initial interface resistance in excess of 2,5 mQ, when newly
terminated, at prescribed measurement intervals during or after environmental conditioning.

Whenever contact resistance measurements are required on the following tests, interface
resistance shall not change by more than 5 mQ from the initial value.

r 2-piece connectors and shield terminations, the interface resistance of the mated contagts
shield connection shall not exceed 20 mQ initially, or at the prescribed measurement

sulation resistance shall be measured in accordance with {EC 60512-2, Test 3a, Method |C,

st Voltage 500 V d.c. Insulation resistance between any. two conductors shall be at least
0 MQ.

ese specimens shall be used as sample group A.

ements of the connecting system that ‘are subject to more than a single connecting operatipn

oughout normal use shall withstapd-at least 200 insertion and withdrawal cycles withqut
ling. 100 cycles are done beforg-Thermal Shock and Humidity/Temperature Cycling, and gn
ditional 100 cycles are performed‘during and after these environmental tests.

aluation

Epect and measure contact resistance after 100 cycles. These specimens shall be used jas
sgmple group B.

NQTE According to 4EC specifications, the TO interface is subject to a minimum durability requirement| of
75D cycles. For other connections that are subject to frequent access, the same durability rating (=750 cycles] is
rejommended.
Bl5 Mibration
Vipration tests shall be performed in accordance with IEC 60068-2-6, Test Method Fc ahd
Guidance.
a) Test conditions

1) Frequency range: 10 Hz - 55 Hz

2) Displacement amplitude: 0,75 mm

3) Sweep cycles: 20 (each of three linear axes)

4) Endurance time: 1 h 45 min (each axis)
b) Evaluation

Inspect and measure contact resistance after vibration cycling of each axis.
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B.6 Stress relaxation
Stress relaxation tests shall be performed in accordance with IEC 60068-2-2, Test Method Ba.

a) Test conditions
1) Test temperature: (70 £ 2) °C
2) Duration: 500 h

b) Evaluation

Inelnnpt and measure contactresistance at (‘I 68 + 10) hintervals

Bl7 Thermal shock

Thermal shock tests shall be performed in accordance with IEC 60068-2-14, Test~Method Nb.
One-half of sample group A terminals shall be tested in mated (terminated) state. T
remaining sample group A terminals shall be tested in an unmated (untéerminated) state.
Sample group B terminals shall be tested in mated (terminated) state only,

-
()

a)| Test conditions

1) Low temperature (Tp): (40 £ 2) °C
2) High temperature (Tg): (70 £ 2) °C
3) Minimum average rate
of temperature change: 3 °C/min
4) Exposure time (1): 30 min (each temperature)
5) Number of cycles: 100

6) Sample group B shall be subjected to 33 insertion and withdrawal cycles after
50 temperature cycles.

b)| Evaluation

Inspect and measure contact resistance after (50 + 5) cycles and at the completion of test
cycling. These specimens shall-be-used for humidity/temperature cycle testing.

B8 Humidity/temperatureseycle

Hdmidity/temperature cycle’ testing shall be performed in accordance with IEC 60068-2-38,
Tgst Method Z/AD wijth-eold subcycle. One-half of sample group A terminals shall be tested|in
mated (terminated) \state. The remaining sample group A terminals shall be tested in pn
urimated (unterminated) state. Sample group B terminals shall be tested in mated (terminatgd)
state only.

a)| Test conditions
Thistest is performed only on product that has passed thermal shock testing.

1) Low temperature: (25 2) °C
2) High temperature: (65 +2) °C
3) Cold subcycle: (<10 £ 2) °C

4) Relative humidity
at high and low temperature): (93 £ 3)%

5) Cycle time: 24 h
6) Number of cycles: 21

7) Sample group B shall be subjected to 33 insertion and withdrawal cycles after 7 days
and an additional 34 cycles after 21 days.
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b) Evaluation

Inspect and measure contact resistance (for groups A and B) and insulation resistance (for
group A only) immediately upon removal from the test chamber at 7 day intervals, and after
final drying. Recovery of insulation resistance from a humid state to at least 100 MQ shall
occur within 1 h.

B.9 Corrosion testing

Corrosion testing shall be performed in accordance with IEC 60068-2-60 TTD, Method C.

a)| Test conditions:

1) Mixture of polluting gases: SO, (0,5%0,1) x 106 (vol./vol.)
H,S (0,1 + 0,02) % 10-6 (vol./vol.)

2) Temperature: (25+2)°C

3) Relative humidity: (75£3) %

4) Duration: 10 days

b)| Evaluation
Inspect and measure contact resistance upon removal from the test chamber.

The corrosion test requirements of this annex are for further study.
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Annex C
(normative)

Requirements for flexible 100 Q, 120 Q and 150 Q balanced cables

C.1__General requirements

This annex covers additional requirements for flexible patch cords for use with 100 Q120
arjd 150 Q balanced cables and connecting hardware. It is strongly recommended that oth
flgxible cables, such as work area and equipment cables, conform to these requirements. T
elgctrical performance of stranded work area cabling, patch cords and equipment cabl
should fulfil the electrical requirements of the installed horizontal cable given.in-8.1 for 100
and 120 Q balanced cables of the same category, and in 8.2 for 150 Q balanced cables.
sdme cases, stranded cables used for patch cords may deviate from the colour scher
specified in IEC 60708-1. For example, it may be desired to provide“visual differentiati
bdtween solid or stranded conductor cables.

The attenuation in dB/100 m and the d.c. loop resistance in Q/100 m should not be more th

50 % higher than required in clause 8. It should be noted that\these values lead to a maximu

eduivalent electrical length of 15 m based on 10 m of meehanical length. If these values of t
flgxible cable exceed the value prescribed above, thesmechanical length shall be reduc
agcordingly.

NQTE 1 Equivalent NEXT loss requirements and attenuatien.requirements for short lengths of flexible cables
anf without connectors are for further study.

NQTE 2 It is intended to supplement the requirements/in this annex by reference to International Standards
thgse become available.

Cl|2 Additional requirements forid50  Q flexible cables
In] addition to the higher attenuation and d.c. loop resistance for 150 Q flexible cables t

mechanical and electrical\requirements of tables C.1 and C.2 shall supersede {
cgrresponding requirements of 8.2 for solid 150 Q cables.

Table C.1'—-Different mechanical characteristics for 150 Q flexible cables

Q
er
he
es
Q
In

he
ed

ith

as

he
he

Cable characteristics Units Fequirements Test method
1 Mechanical characteristics
1.1 Diameter of conductor mm 0,46 to 0,52 3.4.1 of IEC 61156-1
2 Diameter over insulated conductor mm <1,9 3.4.1 of IEC 61156-1
T.7 NUMBDET of cable unis I a cable T
1.9 Outer diameter of cable mm <9,5 3.4.1 of IEC 61156-1
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