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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

liaison

with 1ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical com-
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INTRODUCTION

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.

Historically, the cabling within a premises comprised both application specific and multipurpose
networks. Appropriate use of this International Standard will enable a controlled migration to
generic cabling. Certain circumstances may warrant the introduction of application specific

H L H L Lal_l H H (]
cablingrthesenstances—shoutd-bemintmised:

This In

a)

b)
c)

d)

This In

a)

b)

c)

The applications listed in annéx G have been analysed to determine the requirement

us
Ca

us
bu
of

in

cu

Int

example, copper cables IEC/TC 46 1), coppér connectors IEC/TC 48, optical fibre

an

ap
of
SG

coc]\struction or refurbishment;

ternational Standard provides:

brs with an application independent generic cabling system and an (Open mar
bling components;

brs with a flexible cabling scheme such that modifications are both easy and econg

Iding professionals (for example, architects) with guidance alleing the accommg
cabling before specific requirements are known; that is, instRe’ initial planning eit

ustry and applications standardisation bodies with a\cabling system which sU
rent products and provides a basis for future product development.

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

brnational Standards for cabling componerits’ developed by committees of the IB

I connectors IEC/TC 86;

plications developed by the sub-g@mmittees of ISO/IEC JTC 1 2 and study
TU-T 3): for example, LANs: ISO/IEC JTC 1/SC 6 and SC 25/WG 4 4); ISDN:
13 5);

pl

generi

geography from differént countries and the model described in 6.1.1, have been u
develdp the requirements for cabling components and to stipulate their arrangeme

cablin

targeted at, but-not limited to, the general office environment.

It is anticipated that the generic cabling system defined by this International Standard wi
a life gxpectancy in excess of 10 years.

1)
2)

3)
4)
5)

nning and installation guid€s*for the implementation and use of generic cabling sys

et for
mical;
dation

her for

pports

FC; for
cables

jroups
ITU-T

tems.

5 for a

cabling system.«.These requirements, together with statistics concerning prémises

systems, As'‘a result, generic cabling defined within this International Stand

sed to
Nt into
ard is

| have

International Electrotechnical Commission — Technical Committee 46

International Organization for Standardization/International Electrotechnical Commission — Joint Technical
Committee 1
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Study Group 13
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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 spanof| up to
3 000 m, with up to 1 000 000 mz of office space, and a population between 50 @nd $0 000
persors. It is recommended that the principles of this International Standard -be’ applied to
installations that do not fall within this range.

Cabling defined by this International Standard supports a wide range of services in¢luding
voice, [data, text, image and video.

This International Standard specifies:

a) thqg structure and minimum configuration for generic cabling 1) ,
b) implementation requirements,

c) performance requirements for individual cabling links and

d) conformance requirements and verification pracedures.
Although safety (electrical, fire, etc.) and Elgctromagnetic Compatibility (EMC) requirements
are oUtside the scope of this International Standard, and may be covered by other stapdards

and re¢gulations, information given in this International Standard may be of assistapce in
meeting these requirements.

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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2 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
registers of currently valid International Standards.

IEC 60068-1:1988, Basic environmental testing procedures — Environmental testing — Part 1:
General and guidance

IEC 6Q068-2-2:1974, Basic environmental testing procedures — Part 2: Tests — Tests’|B: Dry
heat

IEC 6(Q068-2-6:1982, Basic environmental testing procedures — Part 2: Tests-*- Tests fc and
guidar|ce: Vibration (sinusoidal)

IEC 6(0068-2-14:1984, Basic environmental testing procedures —.Part 2: Tests — Test N:
Change of temperature

IEC 6(Q068-2-38:1974, Basic environmental testing procedures — Part 2: Tests — Test| Z/AD:
Compégsite temperature/humidity cyclic test

IEC 6Q068-2-60 TTD:1990, Basic environmental testing procedures — Part 2: Tests — T¢st Ke:
Corrogion tests in artificial atmosphere at very low.concentration of polluting gas(es) [Te¢hnical
Trend [Document]

IEC 60096-1:1986, Radio-frequency cabless— Part 1: General requirements and measuring
methops

IEC 60189-1:1986, Low-frequency cables and wires with p.v.c. insulation and p.v.c. sheath —
Part 1} General test and measurifig-methods

IEC 6Q0227-2:1979, Polyvinyl-chloride insulated cables of rated voltages up to and in¢luding
450/780 V — Part 2: Test\methods

IEC 6(0512-1:1994. \Electromechanical components for electronic equipment; basic [testing
procedures andimeasuring methods — Part 1: General

IEC 6(0512-2;1985, Electromechanical components for electronic equipment; basic [testing
procedures and measuring methods — Part 2: General examination, electrical continufty and

" Sy " " H | & " ] Is -~ - -
COnl’a(,L reoiotariCt tColS, ImMoauiativuri tCols Al vUNayc Slitoo IColo

Amendment 1 (1988)

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

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

IEC 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: Detailed
specification for connectors, four signal contacts and earthing contacts for cable screen

IEC 60811-1-1:1993, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 1. Measurement of thickness and

overal

IEC 6¢

IEC 60

for fibfe optic connector — Type BFOC/2,5

IEC 6¢

for fibie optic connector — Type SC

IEC 60

IEC 6
requirg

IEC 61
Hardw

IEC 61
Part 1

IEC 6]
Fibre (

IEC 6
ISO/IR

ISO/IB
Token

dimensions — Tests for determining the mechanical properties
874-1:1993, Connectors for optical fibres and cables — Part 1: Generic specificatid

874-10:1992, Connectors for optical fibres and cables — Part 10: Sectional speci

874-14:1993, Connectors for optical fibres and cables — Part \l4: Sectional speci

874-19 (all parts), Connectors for optical fibres and cables

1035-1, Specification for conduit fittings for €éléctrical installations — Part 1. G
bments

073-1:1994, Splices for optical fibrescand cables — Part 1: Generic specificg
are and accessories

156-1:1994, Multicore and symmetrical pair/quad cables for digital communica
Generic specification

280-4 (all parts), Fibre optic communication subsystem basic test procedures —
bptic requirements

1935-1,— Generie’ specification for the testing of generic cabling in accordang
C 11801 — Part1: Test methods 1)

C 880245:1992, Information technology — Local and metropolitan area networks —
ring-access method and physical layer specifications

n

ication

ication

eneral

tion —

ions —

Part 4:

e with

Part 5:

CISP

292-1002 | imitc and mathaodc of maaciriramant of radino dictiurhanca charactars
I o S EHH e 65— 61— eSS tH e e O H—atHo—EHSHH O 6—6HA A 6teHS

information technology equipment

tics of

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

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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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 D

efinitions

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

3.1.1

application

a system, with its associated transmission method which is supported by telecommuni
cablin

3.1.2

balanded cable

a cable consisting of one or more metallic symmetrical cable elements (twisted pairs or g
3.1.3

building backbone cable

ations

uads)

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

3.1.4

building distributor

a distrjbutor in which the building backbone cable(s) terminate(s) and at which connectjons to
the canpus backbone cable(s) may be made

3.1.5

building entrance facility

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

3.1.6

cable

an asgembly of one.or‘more cable units of the same type and category in an overall sh¢ath. It
may include an overall shield

3.1.7

cable glefent

the smallést construction unit (for example pair, quad, or single fibre) in a cable. A cable

element may have a shield

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

3.1.9

A binder group is an example of a cable unit.

cabling
a system of telecommunications cables, cords, and connecting hardware that can support the
connection of information technology equipment
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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
campus distributor
the digtributorfromrwhichthecampus backbomrecabtmgemarates

3.1.13
channel
the enfd-to-end transmission path connecting any two pieces of application specific equipment.
Equipment and work area cables are included in the channel

3.1.14
cross-fonnect
a facility enabling the termination of cable elements and their connection, primarily by mgans of
patch gords or jumpers

3.1.15
distribptor
the tefm used for the functions of a collection of components (such as, patch panels| patch
cords)|used to connect cables

3.1.16
equipment cable
a cablg¢ connecting equipment to a distributor

3.1.17
equipment room
a roon) dedicated to housing.distributors and application specific equipment

3.1.18
floor djstributor
the digtributor used*to connect between the horizontal cable and other cabling subsysté¢ms or
equipment. (See telecommunications closet)

3.1.19
generic_cabling
a structured telecommunications cabling system, capable of supporting a wide range of
applications. Generic cabling can be installed without prior knowledge of the required
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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ual 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

interface

a pointatwhichcommectionsare mradetothegeneric catting

3.1.25

jumpe

a cablle unit or cable element without connectors, used to make a connection on a |cross-
connegt

3.1.26

keying

a meghanical feature of a connector system, which guarapntees correct orientation of a
connegtion, or prevents the connection to a jack or optical fibte adapter of the samfe type
intendgd for another purpose

3.1.27

link

the trgnsmission path between any two interfaces-of generic cabling. It excludes equlpment
and work area cables

3.1.28

optical fibre cable (or optical cable)

a cabl¢ comprising one or more optical fibre cable elements

3.1.29

optical fibre duplex adapter

a mechanical device designed to align and join two duplex connectors

3.1.30

optical fibre duplexsconnector

a medhanical stermination device designed to transfer optical power between two phirs of
optical fibres

3.1.31

pair

a twisted pair or one side circuit (two diametrically facing conductors) in a star quad

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 mo

ves 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
quad
see star quad

3.1.37
side circuit
see pdir

3.1.38
shieldg¢d cables
an asgembly of two or more balanced twisted pair cable elements;” or one or more quad cable
elements, wrapped by an overall screen or shield contained within a common sheath or tube

3.1.39
shielded twisted pair cables
an elettrically conducting cable comprising one or more elements, each of which is indifidually
shield¢d. There may be an overall shield, in whichCcase the cable is referred to as a shielded
twisted pair cable with an overall shield

3.1.40
splice
a joining of conductors and fibres, generally from separate sheaths

3.1.41
star qyad
a cablg element which cemprises four insulated conductors twisted together. Two diametrically
facing|conductors forma transmission pair

NOTE [Cables containing star quads can be used interchangeably with cables consisting of pairs, provided the
electrical characteristieés'meet the same specifications.

3.1.42
telecommunications
a branchof technology concerned with the transmission, emission and reception of|signs,
signals, writing, Images and sounds; that Is, information of any nature by cable, radio, optical or
other electromagnetic systems. The term telecommunications has no legal meaning when used
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
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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

unshigtdedtwistedpaircabte

an eleftrically conducting cable comprising one or more pairs none of which is shielded:
may bg an overall shield, in which case the cable is referred to as unshielded twisted-pa
an ovdrall shield

3.1.48
work grea
a building space where the occupants interact with telecommunicatiops\terminal equipme

3.1.49
work grea cable
a cable connecting the telecommunications outlet to the terminal equipment

3.2 Apbreviations

There
\ir with

a.c. alternating current

ACR Attenuation to Crosstalk Ratio

BD Building Distributor

BEF Building Entrance Facilities

BFOC Bayonet Fibre OptiecConnector

B-ISDNN Broadband ISDN

BRI Basic Rate ISDN

CD CampusDistributor

c speedaflight

CISPR Intérnational Special Committee on Radio Interference
CSMAJCD €arrier Sense Multiple Access with Collision Detection
d.c. direct current

DCE Data Circuit Terminating Equipment

DTE Data Terminal Equipment

DUT Device Under Test

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

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 I:vr‘hnngn

PDAM Proposed Draft Amendment

PMD Physical Layer Medium Dependent

PVC 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

TP Transition Point

4 Cophformance

For a ¢abling installation to conform to this Interpational Standard the following applies.

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

c) The entire system shall be compgsed of links that meet the necessary level of performance
spegcified in clause 7. This shiall be achieved by installing components which mget the
requirements of clauses 8 and’'9, according to the design parameters of clause 6, ¢r by a
sygtem design and implementation ensuring that the prescribed performance clpss of
clause 7, and the reliability requirements of clause 9, are met.

d) System administration shall meet the requirements of clause 11.
e) Logal regulations ¢concerning safety and EMC shall be met.

The lipnk performance specified in clause 7 is in accordance with clause 6. The link pgrform-
ance is met.when components specified in clauses 8 and 9 are installed in a worknpanlike
manngr and)‘in accordance with supplier's and designer's instructions, over distances not
exceedlingthose specified in clause 6. It is not required to test the transmission characteristics
of the hmkmrthratTase:

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 of
applications;

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

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 are
connegted together to form subsystems, and identifies the interfaces at which application
specific components are interconnected by the generic cabling. General requirements for
implementing generic cabling are also provided.

Applications are supported by connecting equipment to the telecommunications outlets and
distribpitors. The components used to make this connection do not form part'of generic cabling.

5.1 Structure

5.1.1 [Functional elements

The fujnctional elements of generic cabling are as follows:

Campus Distributor [CD]
Campus Backbone Cable

Bujlding Distributor [BD]
Bujlding Backbone Cable

Fldor Distributor [FD]
Hofizontal Cable

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

Groupg of these functionaltelements are connected together to form cabling subsystems.

5.1.2 [Cabling subsystems

Gener|c cabling<coentains three cabling subsystems: campus backbone, building backbope and
horizoptal cahling. The composition of the subsystems are described in 5.1.3, 5.1.4 and 5.1.5.
The cabling subsystems are connected together to create a generic cabling structure as|shown
in figure/1:-The distributors provide the means to configure the cabling to support deerent
topologies like bus, star and ring
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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 ‘

i< 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
separgte buildings. When present, it includes the «campus backbone cables, the mechanical
terminption of the campus backbone cables (at-'both the CD and BD(s)) and the |cross-
connegtions at the CD. The campus backbone@able may also interconnect BD(s).

5.1.4 |Building backbone cabling subsystém

A builfing backbone cabling subsystem extends from BD(s) to the FD(s). The subgystem
includes the building backbone cables, the mechanical termination of the building| back-
bone dables (at both the BD(s)sand FD(s)) and the cross-connects at the BD. The bpuilding
backbone cables shall not contain TPs; copper backbone cables should not contain splicges.

5.1.5 |Horizontal cabling subsystem

The hprizontal cabling subsystem extends from FD(s) to the TO(s). The subsystem includes
the horizontal cabtes, the mechanical termination of the horizontal cables at the FD, the|cross-
conneg¢tions atithe FD and the TOs.

Horizontal .cables should be continuous from the FD to the TOs. If necessary, one| TP is
permit ed—etweenr—amr—Fb—and atty Fo—Fhe—transmisston—charactertsties—of—the—horizontal
cabling shall be maintained. The incoming and outgoing pairs and fibres at the TP shall be
connected so that a 1:1 correspondence is maintained. All cable elements at the TP shall
be mechanically terminated. 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 backbone

Horizontal

a bi
e G

== Optiond cables
- ' Optiond transitior point

Figure 2 — Inter-relationship of functional elements

Cableg shall be installed between adjacent levels in the structure. This forms a hierarchiqgal star
as shgwn in figure\2; and provides the high degree of flexibility needed to accommogdate a
variety of applications. Annex D details how to configure various networks within the
boundgaries of\the hierarchical star topology. These topologies are established by thg inter-
connegtion-of.the cable elements at cross-connects, and at the application specific equipment.

For some app:;uat;uno, add;t;una: dilet bUIIIICbt;UIID bctvvccn Fbs—orBbs—are dCO;ICl :e and
are permitted. The building backbone cable may also interconnect FDs. However, such
connections shall be in addition to those required for 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.
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D/FD

FD

B
BIG:

o —so—co
2 opn /
ptional

Figure 3 — Example of the'generic cabling system

Informfation about additional cabling for-fault tolerance can be found in annex D.
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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

V4

RS 7%
FD

10 O3 XI—

FD
I: X

T0

Campus
D CD/BD backbane

70 [= X AX g/ cable

/ >

Equipment Building Public network
room entrance
facilities

I><| Cross-connect

Figure 4 — Typical accommodation of functional elements

Cableg are placed in appropriate pathways which may take a variety of forms including|ducts,
tunnels, 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.

Termiha
CD BD FD TO egquipment

Externgl

Services D

cable

Interconnect
Equipment Cross Equipmeént
Connect
Equipment

B Interface to the generic cabling

'] Equipment connector

Figure 5 — Potential interfaces to generic cabling

5.4.1 |Public network interface

Connections to the public network for the provision of public telecommunications servides are
made fat thespublic network interface. The location of the public network interface, if pfesent,
and the facilities which must be provided may be regulated by national, regional, ang local
regulfﬂions. If the public network interface is not connected directly to a generic ¢abling
interface the performance of the intermediate cabling should be taken into account. The type of
cross-connect and the intermediate cable may be governed by national regulations. These
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

Table 1 gives general guidelines regarding the use of different media in a particular subsystem
for 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{spé€ed data
backbone
Optical fibre Medium to high speeddata
Campus Optical fibre For most applications — by using optical fibre —
backbone ground potential differences and other sources
of interferenice may be overcome
Balanced cables As negeded 2)

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

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

5.5.3 [Telecommunications outlets

TOs afe located on the wall, flger/ or elsewhere in the work area, depending on the degign of
the bdilding. The design of generic cabling should provide for TOs to be installed in yeadily
accessible locations throughout the usable floor space. A high density of TOs will enharce the
flexibility of the cablingtotaccommodate changes. In many countries two TOs are provided to
serve o maximum of 20~m2 of usable floor space.

TOs njay be preSented singly, or in groups, but each work area shall be served by a mipimum
of two

A minimGm of one TO served by 100 Q or 120 Q cable shall be provided at each work|areal)

(100 Q—preferreth—Other—TOs—shatbe—supported—by—eitherbatanced—ecable—orby—fibre—optical
cable?). In the horizontal cabling, at least one TO shall be configured as specified in item b of
6.1.3 (balanced or optical fibre cable) or at least one TO shall be served by either class D or
optical class, as identified 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.


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

ISO/IEC 11801:1995 17 -
+A1:1999+A2:1999(E)

Outlets shall be marked with a permanent label that is visible to the user. Care should be taken
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 the

outlet.

5.5.4

Pair reassignment by means of inserts is allowed.

Telecommunications closets and equipment rooms

A TC should provide all the facilities (space, power, environmental control etc.) for passive
components, active devices, and public network interfaces housed within it. Each TC should
have direct access to the backbone.

An ER

isan area within a hquing\Mhprn telecommunications nqlﬁpn1pnfiQ housed and

may or

may n
compl
distrib
distrib

5.5.5

Buildin
netwo
It com
buildin
are te
place.

5.6 E

Whersg
as CI

considered as a passive system and cannot be tested for EMC compliance individuall

active
standdg

5.7 E

Earthi
with r
manuf

pt contain distributors. ERs are treated differently from TCs because of the fa

tor it should be considered an ER.

Building entrance facilities

g entrance facilities are required whenever campus backbone, public and
k cables (including antennae) enter buildings and a transition\is made to internal

g distributor. Local regulations may require special facilities where the external
minated. At this termination point, a change from extéernal to internal cable ¢

ectromagnetic compatibility

SPR 22), and local regulations shall\’be taken into account. Premises cab

rds on this medium.

arthing and bonding

g shall meet the requirements mandated by the relevant authorities. Where com
quired electrical-Codes, the earthing instructions and requirements of the equ
hcturers should-also be followed.

prises an entrance point at a building wall and the pathiway leading to the car:Fus or

ure or

bxity of the equipment (e.g. PBXs or extensive computer installations). More.than one
itor may be located in an ER. If a telecommunications space houses niore than one

Drivate
ables.

ables
n take

applicable, International Standards on, électromagnetic emissions and immunity (such

ing is
y. The

equipment which is designed for_one specific medium is required to meet relevant EMC

patible
pment
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6 Implementation

This clause specifies a cabling design that, when properly installed, conforms
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

1:1995
999(E)

to the

(see figure 6).
CD BD FD
EQP EQP EQP
Q Q Q 10
E
G F
1 M (TLE %%
X| |X| - D =
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, guijpment cable nd
patch cord (or jumper) in the horizontal'subgystem
C pnd D = < 20 m patch cord (orjumper) in the BD o €D
F and G = <30 m - gquipment cable in the BD or CD
Note that all lengths are mechanical legths.
EQP = application specific equipment
NOTE 1 See annex C for further information.on flexible cables.
NOTE 4 The 10 m (A + B + E) and,30_m (F and G) lengths are strongly recommended, but are of an fadvisory

nature,

The rdg
clause
120 Q
categd
compd

because they include equipmént.cables which are outside the scope of this International Standard.

Figure 6 — Maximum cable lengths

quirements for.the cabling components to be used within this clause can be fo
8 (for cables) and clause 9 (for connecting hardware). Balanced cables of 100
characteristic impedance and the connecting hardware for these cables are speci
ries aofNincreasing performance. The transmission characteristics of category 3, 4
nents are specified up to 16 MHz, 20 MHz, and 100 MHz respectively.

und in
Q and
fied by
and 5

Cables and connecling hardware of different cafegories may be mixed within a subsystem
and/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.

Optica

| 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

termin

ation (bridged taps) shall not exist as part of the cabling system.
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6.1 Horizontal cabling

6.1.1 Horizontal distances

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. Figure 7 shows examples of horizontal channel implementations which reflect

these differing requirements of maximum cable length.

Channel

A
Yy

, Permanent link

(@]
(@]

FD

c . ,EI TE
TP TO

A +B'+ E =9 m maximum
Figure 7a — Balanced copper horizontal cabling/(with crossconnect)

Channel

A
Y

Permanent link

A
A

FD

eQp[q] c O e
TPNTO

90 m max.

m

A+ E =10 m maximum

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

Channel

A
Yy

, Permanent link

EQP[C clls sHc U ic] TE

FD

Key

90 m max.

A+ E =10 m maximum

Figure 7c — Optical fibre cabling (with interconnect)

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

See clause—9 and-anhnex—Cfor raqnn‘nmnnfe for p:fhh cords—and other flexible cables, In all

cases,| equipment cables that meet or have better performance characteristics than patgh cord
requirgments are recommended.

6.1.2 |Choosing cable types

The fojlowing cable types are recommended for use in the horizontal cabling subsystem:

Preferfed:

a) 109 Q balanced cable — (see 8.1).
b) 62{5/125 um multimode optical fibres — (see 8.4).

Alternative:

a) 120 Q balanced cable — (see 8.1).
b) 150 Q balanced cable — (see 8.2).
c) 50125 pum multimode optical fibres — (see '8.4).

The performance characteristics for._\tfie horizontal cable types, associated connecting
hardware and cross-connects are described in clauses 8 and 9.

Hybrid| and multi-unit cables that:meet the requirements of 8.3 may be used in the hoitfizontal
cabling subsystem for servinghmore than one TO.

If shie|lds or grounded metallic parts are present, refer to clause 10.

6.1.3 |Configuring~FOs

The two TQsuin a work area corresponding to the minimum configuration of clause|5 are
configlired(as follows.

a) (@] telecommunications outlet shall he cnppnrtnd h\)/ balanced cahle r\::fngnry 3 0or h|gher

according to 8.1.

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

Horizontal Maximum cable length
cabling _ 90 metres

ork areas

Figure 8 — Typical horizontal and work area cabling

6.2 Bjackbone cabling
6.2.1 [Physical topology

There|shall be no more than two hjerarchical levels of cross-connects in the backbone ¢abling
to limi{ signal degradation for passive systems and to simplify administration in keeping tfack of
cables and connections. No more than one cross-connect shall be passed through to redch the
CD when starting from a FD.

A sindle backbone cabling cross-connect may meet the cross-connect needs of the| entire
backbpne subsystem.*Backbone cabling cross-connects may be located in telecommunig¢ations
closet$ or equipment rooms. See annex D for guidance on accommodating ring, bus, trge, etc.
configirations within the hierarchical star.

The sfarstopology is applicable to the cable elements of the transmission medium, suich as
individualfibres or pairs. Depending on the physical characteristics of a site, cable elements
that are terminated at different locations may be part of the same cable over a portion of the
distance, or may use individual cables over the entire distance. Hybrid and multi-unit cables
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.
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Campus backbone

Building backbone
cable

cable

999(E)

6.2.2

This |
genera

- my
62

- 10
pre
sp

If shie

6.2.3

6.2.3.]

.é Sk e b

Figure 9 — Backbone star topology

Choosing cable types
hternational Standard specifies five transmission media;-more than one of the
|| types may be present in the backbone cabling. The five media are:

5/125 um multimode fibre is preferred;

D Q, 120 Q or 150 Q balanced cable (see 8:1rand 8.2 respectively). The 100 Q ¢
ferred. All high speed applications on copper shall be limited to horizontal distan
bcified in 6.1.1.

ds or grounded metallic parts arepresent, refer to clause 10.

Backbone cabling distances

Floor distributor to building/campus distributor

The maximum backbone \distance between the CD and the associated distributor

teleco
limits
satisfy

mmunications clgset shall comply with figure 10. Installations that exceed these di
may be divided_into areas, each of which can be supported by backbone cablin
ng the distance requirements of this clause.

CDtoFD max=2000m

ltimode and singlemode optical fibre cable _(see 8.4 and 8.5 respectively).

e five

The

able is
ces as

in the
stance
), thus

@\\@

“BDtoFD
»max =500 m

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.

6.2.3.2 External services

Externfal services (for example, broadcast services received by antennae) may enter acgpmpus
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 be considgred in
determining maximum cable lengths. Regulatory policies within the jurisdiction"which rglate to
the logation of the network interface, if any, will also influence this distanceQ\When appljcable,
the length and diameter of the media used shall be recorded, and should,be-made availgble to
the sefvice provider upon request.

6.2.3.3 Connections to telecommunications equipment

Cableg that connect telecommunications equipment, such as a PBX, directly to a CD|or BD
have heen assumed not to exceed 30 m in length. If longer cables are used, the bagkbone
distang¢es should be reduced accordingly.

7 Permanent link and channel specifications

7.1 Pgermanent links and channels
7.1.1 |General

This dlause defines the permanentilink and channel performance requirements of injstalled
generig cabling. The performance of the cabling is specified for individual permanent links and
channgls and for two different'media types (balanced cables and optical fibre). A tutorial{on the
materipl in this clause is provided in annex F.

The design rules of clause 6 can be used to create generic cabling links and chiannels
contaifing components specified in clauses 8 and 9. It is not necessary to measure| every
paramgter specifiédiin this clause as conformance may also be proven by suitable design. The
permapent link-and channel specifications in this clause allow for the transmission of aefined
classeps of applications over distances other than those of clause 6, and/or using media and
compdnents with different transmission performances than those of clauses 8 and 9.

The permanent link and channel performance requirements specified in this clause shall be
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 PRermanentlinks

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

FD..
TP TO

onm

Permanent link

Figure 11 — Permanent link

Figurel 12a shows an example of terminaklequipment in the work area connected to ja host
using [three links; two optical fibre linksZand a balanced cable link. The optical fibfe and
balanged cable links are connected together using an optical fibre to balanced cable converter,
a crogs-connect and two equipment:cables. Interfaces to the cabling are at each end of a
permapent link. Interfaces to the‘cabling are specified at the TO and at any point (where
application specific equipment-is:connected to the cabling; the work area and equipmentcables
are nof included in the permanent link.

specifijed at the TO,and at any point where application specific equipment is connected| to the

Interfajces to the cabling)are at each end of a permanent link. Interfaces to the cabling are
fi
cabli:E the work_area and equipment cables are not included in the permanent link.

NOTE [|For balanced cabling the limits for the permanent link in this clause are calculated on the basis of [90 m of
installed cable“and two connections.

7.1.3 IChannels

The performance of the channel is specified 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 permanentilinks

Terminal
Cb BD FD equipment
TP TO

~:‘.:‘—D—%

< > <
- Optical fibre Balanced cable channel
Host channel

Opto-electronic
converter (optional)

Figure 12b — Location‘ef cabling interfaces and extent of associated channels

TP TO

A

Horizontal cable
Q0 M)

ALY

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

NOTE For balanced cabling, this example assumes the use of flexible cables with 50 % greater attenuation (dB/m)
than the horizontal cable. In this case, the maximum length of work area and equipment cables is 10 m. This
example results in a calculated channel attenuation of 23,9 dB at 100 MHz using category 5 component

requirer

Key

B Int
X Op

7.2 C
7.2.1

Five a

Standrm

syste
The af

Class

Class

Class

TS,

S.

A

brface to the generic cabling

ional interface when using a crossconnection

lassification of applications, links and channels

Application classification

plication classes are:

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

Figure 12 — Examples of cabling systems

pplication classes for cabling have been identified for the purposes of this International
rd. This ensures that the limiting requirements of one system do not unduly restrigt other

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

includes medium bit rate data applications. Copper cabling permanent links and
channels-supporting* Class B applications are referred to as Class B permanent
linkstand Class B channels respectively.

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

Class

Optical Class

NOTE

D

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

includes high and very high bit rate data applications. Optical fibre permanent
links and channels supporting* Optical Class applications are referred to as
Optical Class permanent links and Optical Class channels respectively.

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

Annex G gives examples of applications that fall within the various classes.
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7.2.2 Link and channel classification

- 27 —

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

Permanent link/channel class B

Permanent link/channel class C

Permanent link/channel class D

Optic

specified up to 100 kHz

specified up to 1 MHz

specified up to 16 MHz
specified up to 100 MHz

and

above.

For copper cabling, a class A to D permanent link or channel is specified so that‘¢chann
the minimum transmission performance to support applications 'of- the
tion class. Links and channels of a given class will support all applications of 4

provid

applic
class.

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

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

and ch

Class
and c4g

Table
This tg

The d
fibre ¢
for exd

T

annels.

C and D permanent links and channels correspond to fullimplementations of catd
tegory 5 horizontal cabling subsystems respectively, as‘specified in 6.1.1)

? relates the permanent link and channel classes™to the categories of clauses 8
ble indicates the channel length over which the<various applications may be suppo

stances presented are based on NEXT loss(for copper cables), bandwidth (for
ables), and attenuation limits for varioustlasses. Other characteristics of applic
Imple propagation delay, may further limit these distances.

able 2 — Channel lengths achievableWwith different categories and types of cabling

MHz

bls will
elated
lower

t links

gory 3

and 9.

rted.

optical
ations,

Medium

Channel length

Class A

Class B

Class C

Class D

Optical cl

ASS

Cateqgqg

ry 3 balanced cable (8.1)

2 km

200 m

100 m b

Categqg

ry 4 balanced cable (831)

3 km

260 m

150 m 2

Cateqgqg

ry 5 balanced cable (8.1)

3 km

260 m

160 m 2

100 m b

150 Q

balanced cablex(8:2)

3 km

400 m

250 m 2

150 m 2

Multim

bde optical fibre (8.4)

N/A

N/A

N/A

N/A

2 km

3)

Single

nodesoptical fibre (8.5)

N/A

N/A

N/A

N/A

3 km

4)

1) The

cab

IVV7=v3)

nnnnnn €l

VTR

nea-andt

exible

100,m distance includes a 90 m length permanent link and a maximum allowance of 10 m of f

annactions.

2)

afornateh cordeliianare
Fo—pPateh FerSHEHRPEerS

For distances greater than 100 m of balanced cable in the horizontal cabling subsystem, the applicable
application standards should be consulted.

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.



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

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

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 and
channels from which they are constructed. Measurement of permanent links and channels
should be made initially, upon installation of each cabling subsystem. Testing of combined
subsystems should be performed as required by the application.

7.3 Balanced cabling permanent links and channels

7.3.1

General

The parameters specified in this subclause apply to permanent links and channels with shielded

or uns
Unless
are gi
measuy
requirg
specifi
NEXT
are gi
interm
interpd
ACR,

7.3.2

The df

150 Q.
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

return
be in 3

7.3.3

The rq
tables

shall be measured from’ both ends to allow a correct evaluation of the permanent

chann
100 Q
of the

hielded cable elements, with or without an overall shield, unless explicitly stated oth
stated otherwise, outline test configurations for all measurements on balanced

ven in annex A. Specialised test instruments are required for high frequenc
rements on balanced cabling. The maximum application frequencies)aré bag

ed frequency for the cabling. In the following tables, the requirements for atten
loss, Power Sum NEXT loss, ACR, Power Sum ACR, ELFEXT and Power Sum E
en for discrete frequencies only. Transmission requirements,shall also be met
pdiate frequencies. Requirements at intermediate frequencies” are derived by
lation between frequencies on a semi-logarithmic (NEXT (0ss, Power Sum NEX]
Power Sum ACR, ELFEXT and Power Sum ELFEXT) or lggarithmic (attenuation) s

Nominal impedance

psigned nominal impedance of a permanent link.and channel shall be 100 Q, 12(
The nominal impedance of permanent Jinks and channels should be achie

loss. The characteristic impedancef cables used in a permanent link and channg
ccordance with the requirements of clause 8.

Return loss

turn loss of a permanent link and channel shall meet or exceed the values sh
3 and 4. The returniloss shall be measured according to IEC 61935-1. The retu

b|. Terminations-that are matched to the nominal impedance of the cable (speg

120 Q, 150:Q) shall be connected to the cabling elements under test at the rema
permanentiink or channel.

Table 3 — Minimum return loss for permanent link

Brwise.
abling
y field
ed on

ed permanent link and channel characteristics, and are not indicated.'by the maximum

bation,
| FEXT
for all
linear
I loss,
cale.

Q, or
ed by

by the
el shall

bwn in
n loss
ink or
ifically
te end

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 17-7 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)

7.3.4 [ATtenuation (INSerton 105s)

The aftenuation of a permanent link and channel shall not exceed the values showf™\n' ta
respectively, and shall be consistent with the design values of cable lengthland ¢
als used. The attenuation of the permanent link or channel shall be measured acg
61935-1, except that the measured attenuation shall not be scaled to*a Standard
D permanent links and channels should comprise cables, which closely follow the
frequency attenuation characteristic above 1 MHz.

and 6
materi
to IEC
Class
root of

The v4

lues in tables 5 and 6 are based on the requirements of the applications listed in ann

Table 5 — Maximum attenuation values for a permanent link

Frequency Maximumeattenuation

MHz G
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
10050 N/A N/A N/A 20,6

Table 6 — Maximum attenuation values for a channel

bles 5
abling
ording
ength.
square

ex G.

Frequency Maximum attenuation

MHz o5
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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7.3.5 NEXT loss
7.3.5.1 Pair-to-pair NEXT loss

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.

The values in tables 7 and 8 are based on the NEXT loss requirements of the applications

listed jn annex G.
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 30,7 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

] 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 2977
100,0 26,3

Table 10 — Minimum RSNEXT loss for a channel

Frequency Minimum PSNEXT loss
MHz dB
Class D

1,0 57,3
4,0 47,6
10,0 41,0
16,0 37,6
20,0 36,0
31,25 32,7
62,5 27,6
100,0 24,1

Power Sum NEXT is met if measured pair-to-pair NEXT values for each pair combination are at
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 8,7

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

7.3.6.2 Power Sum ACR (PSACR)

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

7.3.7
7.3.7.1

The E
link or

ELFEXT

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 23,0
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 34,0
16,0 28,4
20,0 25,7
31,25 19,9
62,5 9,1
100,0 0,1

Pair-to-pair ELFEXT

| FEXT shall be_ measured from both ends to allow a correct evaluation of the perrn

channel.

Table 15 — Minimum ELFEXT values for permanent link

nanent

Frequency Minimum ELFEXT
MHz a8
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
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Table 16 — Minimum ELFEXT values for channels

7.3.7.2

The H

respeq

PSEL

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

Power Sum ELFEXT

~ELFEXTpp 1

SELFEXT parameter is applicable to class D only. The \RSELFEXT of a cl
permapent link and channel shall meet or exceed the values‘shown in tables 17
tively. PSELFEXT is computed from pair-to-pair ELFEXT\as follows:

FEXT = -10log 10 10

H

+10

—ELFEXTpp,2 FELFEXThp,3 E
10 +40 10 0

H

Table 17 — Minimum Power:SGm ELFEXT values for permanent link

[e

ass D
nd 18

Frequency Minimum PSELFEXT

dB

NIz

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
R’)’l-'\ ’)1‘1
100,0 17,0
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Power| Sum ELFEXT is met if measured pair-to-pair ELFEXT values for. each pair comb
are at|least 2,2 dB better than those specified in tables 15 and 16 far permanent lin

chann

7.3.8

The lojop resistance of pairs shall be less than the value€s given in table 19 for each ¢

applic

shall e measured according to IEC 61935-1. A short €Gircuit is applied at the remote end
pair apd the loop resistance is measured at the.near end. The measured value sho
consistent with the length and diameter of the conductors used in the cable.

7.3.9

The p
in tab
calcul

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
16,0 30,3
20,0 28,4
31,25 24,5
62,5 18,5
100,0 14,4

bls respectively.

DC loop resistance

ation. These figures are derived from application’tequirements. The d.c. loop resi

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

Propagation defay

les 20 and\21. These limits are derived from system requirements. Any measy

Fpagation defay, measured according to IEC 61935-1, shall be less than the limits
ted values should be consistent with the lengths and materials used in the cabling

Table 20 — Maximum propagation delay for permanent link

nation
s and

ass of
stance
of the
uld be

given
red 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

The class C and D channel delay requirements ensure that the delay requirements of the

applic

7.3.10| Delay skew

The d

than the limits given in tables 22 and 23.

7.3.11

The |

Reconpimendation*G.117, should exceed the values shown in table 24.

ations listed in annex G are fulfilled.

ifference in propagation delay between any two pairs in a cabling channel -shall e less

Table 22 — Maximum delay skew for permanent link

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

Table 23 — Maximum delay'skew for a channel

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

Longitudinal to differential conversion loss (balance)

bngitudinal).conversion loss, measured as LCL and as LCTL according to |ITU-T

Table 24 — Longitudinal to differential conversion loss

Frequency Minimum longitudinal to differential conversion loss
MHz dB

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.

7.4

ntical fibre nermanent links/channels
Lt T

7.4.1

The p
optica
windoy
listing
the eq

General

fibre permanent link/channel employs a single optical wavelength inyene trans
v only. Application standards employing wavelength multiplexing are ‘not yet avail
in annex G. All application specific hardware for wavelength multiptexing is instg
Llipment area and in the work area, which both are outside the scope of this Intern

will b
cablin

The p
chann

Unless

7.4.2

found in the application standards. There are no spgecial requirements for d
concerning wavelength multiplexing.

Standird. The requirements for the wavelength multiplexing and_demultiplexing comp

brformance requirements of single-mode and multimode optical fibre permanen
b|s are considered in this subclause.

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

Optical attenuation

brformance requirements for optical fibre permanent links/channels assume that each

ission
ble for
lled in
ational
pnents
eneric

links/

The mlaximum attenuation (insertion loss) shall not exceed the values specified in tablg¢ 25 in

the wa
fibre p
limitat

The a
links/c
conne

l\velength windows specified in_tables 26 and 27. The allowable attenuation of

ons.

tenuation values given in table 25 have been calculated for optical fibre pern

Ctor and a splicé at each end of each subsystem.

Table 25 — Attenuation of optical fibre cabling subsystems

optical

ermanent links/channels is-application dependent. Consult the application standafds for

hanent

hannels in each cabling subsystem, assuming a worst case installation philosophy of a

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

Multimode modal bandwidth

For muiltimode optical fibre permanent links/channels the @ptical modal bandwidth shall ¢xceed

the mihimum values shown in table 28.

Table 28 — Minimum optical*modal bandwidth

Wavelength Minimum bandwidth
nm MHz
850 100
1300 250

The djspersion of the optical-fibore used in the optical link/channel shall be measured in
accordance with the testtmethods described in IEC 60793-1. See table 2 for achievable
distanges.

7.4.4 |Return loss

The optical return loss of any interface of an optical link/channel shall exceed the values |[shown
in table 29,

TITabla 20 MNinioalioa o tioal ratiirn oo
FapteZ20—Mitt-epteartettr16Ss
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
always result in acceptable service performance. The user is advised to consult standards
associated with the planned service or equipment in order to determine any specific limitation.

In thel following tables, the requirements for attenuation and NEXT loss arecgiven for
discrefe frequencies only. They have to be fulfilled, however, for all intermediate~frequencies.
Requifements at intermediate frequencies are derived by linear interpolation’ between two
specified frequencies on a semi-logarithmic (NEXT loss) or logarithmic (attenuation)|scale.
Requifements for Power Sum NEXT loss, ELFEXT, and Power Sum ELFEXT ‘are under study.

For mpultimode and single mode fibre, a conservative conversion value for unit propggation
delay pf 5,00 ns/m (0,667 c) may be used. This value can be used to”calculate channe] delay
withouft verification.

The relquirements of this clause are provided for the cable, as ' measured by the manufacturer. It
is asslimed that these characteristics do not change significantly for cables installed acgording
to manufacturer's instructions and operating at 20 °C.

8.1 Qeneral requirements for 100 Q and 120 Q*balanced cable

The meechanical and electrical requirements diven in table 30 and table 31 shall be met Qy both
100 QJand 120 Q cables. For additional electrical requirements, see 8.1.1 (100 Q) and 8.1.2
(120 ).

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

Cable characteristics Units Subsystem Test metho
1 Mechanical characteristics Backbone Horizontal Subcladise
1.1 Diameter of conductor ) mm 0,4 to 0,65 3.4.1 of
IEC 611%6-1
1.2 Diameter gVerinsulated conductor 2 mm <14 3.4.1 of
IEC 611%6-1
1.3 Number of conductors in a cable per 2/4
element pair/per
quad
1.4 Shield around cable element 3) ﬁpfinnnl 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
1.15 | Colour coding ® As required by local regulations
preferably IEC 60708-1
1.16 | | Cable marking As required by local regulations

or national specifications

2)

3)

4)
5)

6)

7

8)

1) cqnductor diameters below 0,5 mm may not be compatible with all connecting hardware.

He two measured values using the IEC method must be averaged and then comparedo .the lim|t for
cdmpliance verification.
ipmeters over the insulated conductor up to 1,6 mm may be used if they meet all ‘other performpnce
refjluirements. These cables may not be compatible with all connecting hardware.

t is intended to use cables with shielding, care shall be taken that the connecting hardware is properly

T

D

If
d

C4qre has to be taken to meet the NEXT loss requirements given in 8.3.

S

In|case of under carpet cable the value is not applicable.
dr certain applications (e.g. precabling buildings in cold climate) a cable with a lower temperature

=
b

T

maximum pulling force of 50 N/mm? times copper conductqr 6ross-section, excluding shields, if present.

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

F

dsigned to terminate the shielding.

ould be minimised to make best use of duct and crossconnect capacity~(see clause 9).

gnding performance of —30 °C may be required.
His is an indication for cable performance, installation negds are for further study. This results

in a

The fdllowing electrical characteristics-are given for 20 °C. They may degrade with chgnging

tempefature. Some commonly used insulation materials may result in a non-ljnearly
depenflence of electrical charactéristics on temperature. Thus, especially for tempefatures
above|40 °C, special insulation:materials may be necessary.
Table 31 — Electrical characteristics of 100 Q and 120 Q balanced cables
Cable characteristics Cable category 9 Test mgthod 3
2 Hlectrical characteristics Units MHz 3 4 5
af 20 °C
2.1 | Maximum‘d:e’ loop Q/100 m d.c. 19,29 19,2V 19,29 3.2|1 of
resistance IEC 6[1156-1
2.2 ominal 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 ¢ IEC 6[1156-1
100 N/A N/A 0,65 ¢
2.3 | Minimum NEXT loss @ | dB at 100 m 0,772 43 58 64 3.3.4 of
cable length 1 41 56 62 IEC 61156-1
4 32 47 53
10 26 41 a7
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
ony ppicatle e
2.8 Minimum d.c. insulation MQ km d.c. 150 150 150 3.2.4 of
resistanee H=C-61156-1
2.9 Qielectric strength d.c. or 1kV,1minor25kV,2s 8.2} 3 of
canductor/conduc_tor a.c. 700 V, 1 min IEC 6[1156-1
and conductor/shield or1,7kV, 2 s
2.10 | Minimum structural dB at 1to <10 12 (f.f.s.) 21 (f.f.s.) 23 (f.f’s))
return loss 10(76'2 ‘;ﬁb'e 10to <16 | 10 (f.f.s) | 19 (ff.s) | 23.(fBs.) | IEC efL156-1
9 16 to <20 N/A 18 (f.f.s.) | 23.(f.f.s.) f.1.s.
20 to 100 N/A N/A 23-10log
(/20)
(f.f.s.)
2.11 | Qelay skew ns/100 m 1to <16 45 45 45 IEC 6[1935-1
16 to <20 45 45
20 to 100 45
1 If all gther values are fulfilled, the maximum d.c. loop resistance_may be as high as 30 Q /100 m.
2) Unlesls otherwise specified, cable NEXT loss performance “$hall be characterised using "worst cdse pair
comb|nation” testing. See 8.3 for additional NEXT loss requirements for balanced cables.
3) The tpst method shall be as stated in the column "Test method" while the required value shall meet th¢ values
stated in the column "Cable category".
8.1.1 |Additional requirements for 100~ Q balanced cable
This slibclause covers the characteristic impedance and maximum attenuation of 100 Q caples.
Table 32 — Additional electrical characteristics of 100 Q balanced cables
Cable cljaracteristics Cable category est methpd
3 Electrical Units MHz 3 4 5
charactefistics at 20 °C
3.1 Characteristic Q 0,1 75 to 150 75 to 150 | 75 to 150 IEC 61156-1
impedance
=1 100 = 15 100 = 15 100 = 15 (v.q.)
3.2 Maximum attenuation dB/ 0,064 0.9 0.8 0.8 3.3.9 of
IEC 61156-1
100 m 0,256 1,3 1,1 1,1
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
3.1 Characteristic Q 0,1 7510 150 | 75to 150 IEC 61156-1
tmpedance >4 +20—+45 +20—+45
3.2 Maximum attenuation dB/ 0,064 0,8 0,8 3.3.2 of IE€\61156-1
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 52
16 8,1 6,2
20 9,2 7,0
31,25 N/A 8,8
62,5 N/A 12,5
100 N/A 17,0
8.2 (eneral requirements for 150 Q balanced cable
This dqubclause covers the requirements for\150 Q balanced cables. Table 34 gives the
mechdgnical requirements, and table 35 the_electrical requirements for 150 Q balanced cgbles.

Table 34 — Mechanical characteristics of 150

Q balanced cables

Cable characteristics Units Requirement Test mefhod
1 lechanical characteristics
1.1 biameter of conductor ¥ mm 0,6 — 0,66 3.4.1 of
IEC 61156-1
1.2 Diameter over insulatéd conductor 2 mm <2,6 3.4.1 of
IEC 61156-1
1.3 Number of canductors in a cable per pair/ 2/4
¢lement per quad
1.4 bhi€ld-around cable element Optional. Refer to clause 10
1.5 Nurrberofeable—elementstathit Pers: 2
quads: 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 | €able marking As required by local rules or national
specifications
1) The Jtwo measured values using the IEC method must be averaged and then compared\to the I{mit for
compliance verification.

2 Valugs above 1,6 mm may not be compatible with all connecting hardware.

3)

4) This

Only|for cables with one cable unit.
is an indication for cable performance, installation needs are for further study.~This results in a maximum

pulling force of 50 N/mm? times copper conductor cross-section, excluding shieldsYif present.
Table 35 — Electrical characteristics of 150 Q‘balanced cables
Cable characteristics Requirement Test metHod
2 Electrical Units MHz
characteristics at 20 °C
2.1 Characteristic impedance Q =1 150 + 15 IEC 61[156-1
2.2 Maximum d.c.-loop resistance Q/200/m d.c 12,0 3.2.1 of
IEC 61/156-1
2.3 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 phase-velocity of m/s 1-100 0,6 c 3.3.1 of
propagation IEC 61[156-1
2.5 Minimum{NEXT loss dB at 1 68
cabllgc:enr:gth 4 58 IEglgllllgg-l
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 25kV,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 20 to 100 24 1(()f|;)g )(f/20) f.f.s.
2.13 Delay skew ns/100 m 1to 100 45

1) The httenuation 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 theugnge of
4 MHz to 100 MHz (f.f.s.).

2 The est method shall be as stated in the IEC reference while the required value shall meet the|valued stated
above.

8.3 Apditional crosstalk considerations for balanced cables

This dqubclause covers cabling system implementations that ,may lead to the presence of
multiple signals on the same cable.

In the [backbone cabling subsystem, cables that contain~nore than two pairs or one quafd shall
meet the requirements of 8.3.1.

In the horizontal cabling subsystem, when multiplé.telecommunications outlets are servgd by a
single|cable, the near-end crosstalk of cable.elements that extend to any two or more putlets
shall meet the requirements of 8.3.2. The requirements of 8.3.2 also apply between units of
hybrid|and multi-unit cables used in eitherthe horizontal or backbone subsystems.

8.3.1 [Power summation

Examples of the types of cables’ covered by this clause include cables with two of more
elemepts within a cable unit that are used for backbone subsystems. Cables required tp meet
this dlause shall also meet the transmission and colour-code requirements for the
corresponding cable type. given in 8.1 and 8.2.

For caples required\to meet this clause, worst pair NEXT loss performance values specffied in
8.1 or (8.2 shall be-met using power summation to determine total crosstalk energy. The[power
sum crosstalk! for uncorrelated disturbing pairs is calculated from the individual paird{to-pair
crosstalk meéasurements at a given frequency.

8 3 2 Lhvibhrid and ool st cabhlnc and cohlac connantad +
9. Ty oo oot ot taote STt taioTe S o e cte o

Examples of the types of cables that are covered by this clause include hybrid cables 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) Optical fibre requirements

The fibre shall be multimode, graded-index optical fibre waveguide with nominal
62]|5/125 um or 50/125 um core/cladding diameter complying with Alb or Ala fibre
regpectively of IEC 60793-2.

b) Cabple transmission performance requirements

Eafrh fibre in the cable shall meet the graded performance requiremeénts of tahjle 36.
Attenuation shall be measured in accordance with IEC 60793-1. Modalrbandwidth-distance
prqduct shall be measured in accordance with IEC 60793-1.

c) Physical cable requirements

=

The mechanical and environmental requirements for indoor and outdoor fibre optig cable
arg defined in accordance with IEC 60794-1 and IEC 607942

Table 36 — Cable transmission performancé_parameters

Wavelength Maximum attenuation Minimum modal
bandwidth
pum dB/km at 20 %C MHzEm at 20 °C
0,85 3,5 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 7 ¢an only be met for links up to 1,6 km.

8.5 Sjnglemode optical fibre cdbles

The thfree parts to the requirement for optical fibre cable are the optical fibre requirements, the
cable fransmission performance and the physical cable requirements.
a) Optical fibregqequirements

thg fibre shall comply with IEC 60793-2 type B1 and ITU-T G.652.
b) Cabple transmission performance requirement:

1)arAman||arinn'

each fibre in the cable shall have an attenuation of less than 1 dB/km at wavelength
of 1 310 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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nnecting hardware requirements

9.1 General requirements

1:1995
999(E)

This clause provides guidelines and requirements for connecting hardware used with generic
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 or
cable elements. Unless otherwise specified, all connectors shall be tested in a mated state. It
should be noted that this clause does not address requirements for media adapters, or other
s with passive or active electronic circuitry (for example, impedance matching
transformers, terminating resistors, LAN equipment, filters and protection devices) whose main

device

purpose_is to serve a specific _application. or to provide compliance with other rul

s and

regula
have

their g
These
includg
and ¢
includg

ions. When required, such devices are not considered to be part of the cabling,can
bignificant detrimental effects on network performance. Therefore, it is imponta
ompatibility with the cabling system and active equipment be considered)befor
requirements apply only to individual connectors and connector assemblies
b, but are not limited to, telecommunications outlets, patch panels, transition conn
Foss-connect blocks. Transmission characterisation of these components do
b the effects of cross-connect jumpers or patch cables.

d may
nt that
e use.
which
bctors,
S not

In the|following tables, requirements for attenuation and NEXT~loss are given for djscrete

frequehcies only. Requirements at intermediate frequencies.shall be derived by| linear

interpglation between two specified frequencies on a semi-logarithmic (NEXT logs) or

logarithmic (attenuation) scale.

NOTE 1 It is intended to supplement the performance and functional requirements in this clause by refefence to

Internatjonal Standards as they become available. Since the“sSectional specifications referenced hergin only

guarantpe mechanical compatibility, the transmission specifications of this clause are needed until |detailed

specificptions are available.

NOTE 4 The requirements of this clause are provided.ferl{éonnecting hardware as measured by the manufacturer.

It is asqumed that these characteristics do not change‘significantly for connecting hardware installed accdrding to

the mafufacturer's instructions and operating at 20-°C. Unless otherwise specified, the measuring atmpsphere

should e room climate in accordance with 5.3.1-0f /IEC 60068-1.

9.1.1 |Location

Connecting hardware is installed:

a) in p CD permitting cennections to Building Backbone and Campus Backbone cablipg and
acfive equipment;

b) in & BD permitting*connections to the Building Backbone cabling and active equipment;

c) in jan FD providing the cross-connections between backbone and horizontal cabling and
pefmitting connections to active equipment;

d) at the horizontal cabling transition point (if provided);

e) atthevO.

9.1.2 Design

The connecting hardware should be designed to provide:

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

dependent equipment;

patching or applications

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) me

ans 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.

9.1.3

The ¢
-10 °d
expos

installation indoors or in an appropriate enclosure for the environment.

9.1.4

Conne
walls,

9.1.5

Gener
conne

Cables
the pe
same

betweg¢n cables with different nominal charaeteristic impedance values shall not be made

9.1.6

The

perforinance and ease of administration of installed cabling systems. Installation and

manag
cause

The cq

a) mi
us
gu

Operating environment

i W i iaply 3] i
to 60 °C. Connecting hardware shall be protected from physical damage and fron|
ire to moisture and other corrosive elements. This protection may be accemplis

Mounting

cting hardware should be designed to provide flexibility for mounting (for exam
n walls, in racks, or on other types of distribution frames and\meunting fixtures).

Cross-connect jumpers and patch cords

h| limitations for total lengths of cross-connect jumfpers, patch cords and cables U
Ct application specific equipment are provided in-Clause 6.

used for cross-connect jumpers and patch cords in the CD, BD and FD are sub
Fformance requirements in 9.4.6 and annex C. Compatibility between cables used
link shall be maintained throughout ‘the cabling system. (For example, conng

Installation practices
anner and care with whichy'the cabling is implemented are a significant factor

ement precautions that should be observed include the elimination of cable str
| by tension, sharpsbends, and tightly bunched cables.

nnecting hardware shall be installed to permit:

nimal signal impairment and maximum shield effectiveness (where shielded cal
bd) by-proper cable preparation, termination practices (in accordance with manufad
delines) and well organised cable management;

o from
direct
hed by

ble, on

sed to

ject to
in the
pctions

)

in the
cable
PSS as

ling is
turer's

b) ro

m»for mounting telecommunications equipment associated with the cabling s

ystem.

Ra

cks should have adequate clearances for access and cable dressing space.

In cabling pathways and in the vicinity of connecting hardware, the cable shall meet the bend

radius

requirement of clause 8.

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

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.
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Marking and colour coding

999(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

throug

hout 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 pm and 50 um
optical fibres), they shall be marked in such a way as to allow each cabling type to be clearly
identified. See clause 11.

9.2 C

9.2.1

The f
conne

that hardware used to directly terminate 100 Q and 120 Q cable elements be of the ins

displa
conne
requirg

9.2.2

Conne
design
any, s

NOTE
or those

9.2.3

Conneg
specifi

onnecting hardware for 100 Q and 120 Q cabling

General requirements

ctions for the balanced cables specified in 8.1 (100 Q and 120 Q- cables). It is de

ement connection (IDC) type. In addition to the requirements of this subg
cting hardware used with shielded cabling shall be in full.compliance with the app
ements of clause 10.

Performance marking

cting hardware intended for use with 100 Q.or 120 Q cabling should be mar
ate transmission performance at the discretion of the manufacturer. The marki
hall be visible during installation.

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

Mechanical characteristics

cting hardware intended-for use with 100 Q or 120 Q cabling shall meet the requirg
ed in table 37.

bllowing requirements apply to all connecting hardware used to“provide elg¢ctrical

sirable
ulation

lause,
licable

ked to
ngs, if

use 11,

ments
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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
1.2.3 |Nominal diameter of insulated conductor mm 0,7-1,4%9 8.3 of IEQ6(811-1-1
1.2.4 | Number of conductors TO 8 >
Other >2n(n=1,2,3, ...)
1.2.5 |[[Cable outer diameter TO mm <20% 8.3 of IEC 6(811-1-1
Other N/A

1.2.6 |Means to connect shield See table 38, row 2.3 -

1.3 Mechanical operation (Durability)

1.3.1 |[Conductor termination cycles >200 8 Annex|B

1.3.2 |Plug interface cycles >750 (LeVvel'A of 6 and 7| of

IEC 60603-7) IEC 606(3-7

D The scope of IEC 60603-7:1990 is limited to frequencies of up to%3 ‘"MHz. Until IEC 60603-7 is fevised,
conrjectors may be qualified for use at higher frequencies when tested_and proved to be in compliance ith the
performance requirements specified in table 38.

2 |EC[60603-7:1990 does not have provision for an overall shielg:

3) Because it is not required that connecting hardware be compatible with cables outside this range, specjal care
shal| be taken to ensure compatibility between cables with,conductor diameters as low as 0,4 mm (wheh used)
and the connecting hardware with which they are used.

4 Use|of the modular plug connector specified in EEC'60603-7 is typically limited to cables having ifsulated
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, spedial care
shal| be taken to ensure compatibility between cables with insulated conductor diameters as high as [L,6 mm
(whgn used) and the connecting hardware(they are used with.

6) uUse|of the modular plug connectorspecified in IEC 60603-7 is typically limited to cables having [outside
dianjeters in the range of 4 mm to 6«mm. Flat/oval cables with equivalent cross-sectional area are accepjable.

) |f it Js intended to use shielded cabling, care should be taken that the cross-connect is designed to tefminate
the ghielding.

Notq that there may be asdifference between cross-connects designed to terminate balanced cables with overall
shie|ds 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 termination
operfation (for example, those that are used to administer cabling system changes).

9.2.4 |Electrical characteristics

Connecting hardware intended for use with 100 Q or 120 Q cabling of a given category shall
meet the corresponding performance requirements of table 38.

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

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
2.2.1 Maximum attenuation ) dB 1 0,42 0,1 0,1 Annex A,
4,0 047 | o1 01 A2.3.1
100 042 0 0.
16,0 042 | 02 0,2
20,0 — 0,2 0,2
31,25 — — 0,2
62,5 — — 0,3
100 — — 074
2.2.2 | Minimum NEXT loss ¥ dB 1 58 >65 >65 Ahnex A,
4,0 46 58 >65 p-2.3.2
10,0 38 50 60
16,0 34 46 56
20,0 — 44 54
31,25 — — 50
62,5 — — 44
100 = — 40
2.2.3 Ninimum return loss dB 1<f<20 - 23 26 Apnex A,
20 < f< 100\ - - 26-20* log (f/20) p2.3.3
2.2.4 | Ipput to output resistance 3 mQ d.c. 300 IEQ 60512-2
2.3 flaximum transfer impedance ¥ mQ T 100 (f.f.s.)
/Applicable only when an overall 10 200 (f.f.s.)
ghield is present) 100 ffs. f.f.s.

1) For cofnecting devices that provide cross-connections without patch cords or cross-connect jumpers (for

those

equival

ith internal switching), attenuation, input to output resistance, and transfer impedance shall not e

exceed| 6 dB worse than the values in 2.2.2-

2)

Installgd category 3 connectors should\exhibit an average attenuation of equal to or less than 0,2 dB up

per random connection.

3) DCres

Wheregas d.c. resistance is measured to determine the connector's ability to transmit direct current
frequerncy signals, contact feSistance measurements are used to determine the reliability and stability of
electridal connections.

ent of two connectors and 5 m of pateh’ cord of the same category. Also, NEXT loss of such devices

stance is a separate measurement from the contact resistance measurements required in normative

example,
ceed the
shall not

b 16 MHz

annex B.
and low-
individual

9.2.5

Each

Telecommunications outlet requirements

100 Q and 120 Q horizontal cable shall be terminated at the TO with an unkeyed ja

meets|92.3 and 9.2.4. Pin and pair grouping assignments shall be as shown in figure 13

ck that

A A A

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).

NOTE 2 To ensure proper connectivity, care is needed to ensure that pairs are terminated consistently at the TO
and FD. If pairs are terminated on different positions at the two ends of a link, through connectivity will be lost. See
clause 11 far cabling system administration

9.2.6 |Installation practices

The uptwisted length in a cable element as a result of termination to connecting hafdware
should be as short as possible. It is recommended that only the length of cable jacket rgquired
for tefmination and trimming should be removed or stripped back. Alsay it is recomnjended
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 componentsy pair twisting should be
maintgined to within 13 mm of the termination. The use of quad cables may require thdt each
side dircuit of the quad be twisted separately. These recomimendations are provigled to
minimise the impact of terminations on transmission characteristics and are not intended to
constrpin twist length for cable or jumper construction.

Installegd transmission performance of components/ that meet requirements of different
perforinance categories (that is, cables, connectorstand patch cords that are not rated for the
same fransmission capability), shall be classified bythe least performing component in the link.

Grounfling requirements and shield continuity considerations for cables with an overall|shield
are spgcified in clause 10.

9.3 Connecting hardware for 150 , Q cabling
9.3.1 |General requirements

The fpllowing requirements apply to all connecting hardware used to provide electrical
connecgtions between the)150 Q shielded balanced cables specified in 8.2. It is desirable that
hardw@re used to directly terminate 150 Q cable elements be of the insulation displagement
connegtion (IDC) type:

9.3.2 [Performance marking

Connecting hardware intended for use with 150 Q cabling should be marked to degignate
transntsstonrperformanceat-theditscrettomof-themanufacturer— e markings,if—any;—snall be
visible 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
Othar Salid canductor
1.2.3 | Nominal diameter of insulate conductor mm 1,1t0 1,92 8.3 of IEC\60811-1-1
1.2.4 | Number of conductors | TO 4 -
Other 22n(n=1,2,3,..)
1.2.5 able outer diameter TO mm <203 873 of IEC 6(811-1-1
Other N/A
1.2.6 | $hield performance See table 38, row 2.34) -
1.3 flechanical operation (Durability)
1.3.1 | Conductor termination cycles >200/5) Annex|A
1.3.2 | Blug interface cycles >1.000 IEC 60807-8

1) Becpuse it is not required that connecting hardware be compatible’with' cables outside this range, spec

al care

shall be taken to ensure compatibility between cables with conducter diameters as low as 0,4 mm (whef used)
and|the connecting hardware they are used with.

2) Becpuse it is not required for connecting hardware to be‘¢empatible with cables outside this range, special
carg shall be taken to ensure compatibility between cables with insulated conductor diameters as high as
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 Igss. Flat/oval cables with equivalent cross-sectional area are acceptable.

4) For|shielded cables, care should be taker.that the cross-connect is properly designed to termingte the
shiglding. Note that there may be a difference between cross-connects designed to terminate 150 Q bglanced
cables with overall shields only, as opposed to cables having both individually shielded elements gnd an
ovefall shield.

5) The| durability requirement of 1:8:\1~is only applicable to connections designed for more than a| single
ternjination operation (such as those that are used to administer cabling system changes).

9.3.4 [Electrical charaeteristics

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

specified in table 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
2.2.2 Minimum NEXT loss Y dB 1,0 >65 Annex A,
4,0 >65 A2.3.p
10,0 >65
16,0 62,4
20,0 60/5
31,25 56,6
62,5 50,6
100 46,5
2.2.3 Minimum return loss dB >1 MHz 364 Annex A,
<16 MMz 369 A.2.3.8
>16.MHz 36-20 log (f/16) ¥
<100 MHz 36-20 log (/16) %)
2.2.4 || Input to output resistance ) 2 mQ d.c. f.f.s. IEC 605]2-2
2.3 Maximum transfer impedance V) mQ 1 100 (f.f.s.) ffs.3
(Applicable only when an overall 10 200 (f.f.s.)
shield is present) 100 fis

NOTE |Requirements for FEXT loss are under study.

1) For ponnecting devices that providé_cross-connections without patch cords or cross-connect jumpefs, (for
example, those with internal switching), attenuation, input to output resistance, and transfer impedance shall
not ¢xceed the equivalent of two connectors and 5 m of patch cord of the same category. Also, NEXT [loss of
such devices shall not excee®d.9 dB (f.f.s.) worse than the values in 2.2.2 above.

2) DC fesistance is a separate- measurement from the contact resistance measurements required in nofmative
anngx B. Whereas d.cresistance is measured to determine the connector’s ability to transmit direct purrent
and Jow-frequency signals, contact resistance measurements are used to determine the reliability and dtability
of infividual electrigal‘connections.

3 Althgugh the IEG(60096-1 test method is intended for coaxial cables, it may be applied to measuremeénts on
conrlectors used to terminate balanced cables with an overall shield, when signal carriers are excitg¢d in a
common mode:

4 Valupsabeve 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
length 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

The requirements of 9.4.2 to 9.4.6 apply to all connecting hardware used to provide
connefl_b_l—l_l't‘b_ﬁl—W_I_B_ﬂw_rh_t_ﬂ—l_lons etween optical 1ibre cables speciiied in clause 8 wi € following excepiign. The
requirgments of section 9.4.4 and table 41, item 1.1 apply to the TO only.

9.4.2 [Marking and colour coding
Corregt coding of connectors and adapters, for example by colour, should\be used to gnsure
that mlating of different fibre types does not occur. Also, keying and the identification ¢f fibre

positigns may be used to ensure that correct polarity is maintained_for duplex link§. See
annex|H.

NOTE [These markings are in addition to, and do not replace, other markings specified in clause 11, ¢r those
required by local codes or regulations.

9.4.3 |Mechanical and optical characteristics

Opticéf 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 Units Requirements Component or tegt
characteristics standard
1.1 Physical dimensions only at TO IEC 60874-19, Mating IEC 60874-19 (S{-D) V
interface dimensions and gauging
1.2 Cable termination compatibility
1.2.1 Nominal cladding diameter pm 125 5 (Ala, Alb) and|32.2
(B.1) of IEC 607pP3-2
1.2.2 Nominal buffer diameter mm - 6.1 of IEC 60794-2
1.2.3 Cable outer diameter mm - 6.1 of IEC 60794-2
1.3 Mechanical aperation (Durability)
1.3.1 | | Plug infetface | cycles | >500 4.5.32 of IEC 60§74-1
1.4 Transmission performance
1.4.1 Maximum attenuation %) Other dB 0,52 27.1 of IEC 60874-1
mMethod 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) 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.

3) 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 optical fibre connector used shall meet the requirements of 9.4.3.

9.4.5 |Cross-connect jumpers and patch cords

Cableg used for cross-connect jumpers and patch cords in the CD, BD and FD shall mg¢et the
perforinance requirements described in clause 8. See also annex H.

9.4.6 [Optical fibre connectivity

All connectivity options shall use colour coding and labelling to distinguish between the pptical
fibre types of clause 8.

NOTE |[It is recommended that the connectors and adapters should be colglred in such a way as to diftinguish
between single mode and multimode optical fibres. Additional colours orNabels will be required to digtinguish
between the multimode optical fibre types.

Consigtent polarisation of duplex optical fibre connectigns shall be maintained throughout the
cabling system by means of physical keying, administration (for example labelling), of both.
Polarigation assignments should be as shown in annex H (figures H.1 to H.3).

Guidelines on recommended optical fibre cornectivity practice are provided in informative
annex|H.

10 Shielding practices

This clause applies when shielded cables or cables with shielded elements or units arg used.
Only hasic guidance is provided. The procedures necessary to provide adequate grounding for
both €lectrical safety and €EMC performance are subject to national and local regulations, are
depenglent on proper workmanship, and are at times only accomplished with installation gpecific
engingering. Note thatiimproper handling of shields may degrade performance and safety.

10.1 EMC

Shields areSintended to improve EMC performance. To achieve this effect they have to be
propeinly bhonded. Shielding, to be effective, requires that all cabling components are shielded
and mgetrequirements for transfer impedance 1) given in clauses 8 and 9. Shielding ha$ to be
continuous for the complete channel. This means that work area, equipment cables and the
equipment 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.
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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
equipment racks, which are, in turn, bonded to building ground.

The bond shall be designed to ensure that

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

b) thg cable shields provide a continuous ground path to all parts of a _cabling system that are
interconnected by it.

This bpnding ensures that voltages that are induced into cabling (by\lifts or other disturbpnces)
are dinected to building ground, and so do not cause interference of the transmitted signgls. All
grounding electrodes of different systems in the building shall'be bonded together to feduce
effecty of differences in ground potential. The building,greunding system should meet the
ground potential difference limits of 1 V r.m.s. and a low\resistance between any two gfounds
on the| network. It is recommended that metallic conduits used to house grounding congluctor,
should be bonded to the ground conductor at both engds.

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.

For rgcommendations on grounding of cable shields for performance considerationg, see
IEC 61000-5-2 (under consideration)«2) .

11 Agdministration

Adminjstration is an essential aspect of generic cabling. The flexibility of generic cabling ¢an be
fully eikploited only_ if.the cabling is properly administered. Administration involves adcurate
identification and_record keeping of all the components which comprise the cabling system as
well a$ the pathways, telecommunications closets and other spaces in which it is installed. All
changes to the.cabling should be recorded as and when they are carried out; this is essential to
maintgining-its flexibility. Computer based administration of records is strongly recommended.

11.1 Sctope of admmmnistration

The requirements for administration described in this clause apply to 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
implementation of installed cabling.

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

b) TO: optical fibre Optical fibre design.

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 way.
Cables_should be marked at hoth ends

11.3 Records

Recor@ls of the administration of the generic cabling shall be maintained. Acreference(to the
resulty of acceptance tests, if made, should also be kept.

Although not a requirement of this International Standard, it is also advisable to associate with
the reg¢ords of the system configuration, a list of applications that arebeing supported. This will
facilitate troubleshooting in case of problems.

11.3.1| Documentation

Good fontrol of all of the records kept (such as: as bdilt*drawings showing cable rout¢s, TO
locatigns and identification, distributor construction and layout, test and acceptance resylts, as
well ap connectivity mapping) is vital to the administration process. It is also imporfant to
ensurg that suitable procedures are implemented and followed for the timely updafing of
documentation with changes to the configuration“of the cabling.

NOTE |A technical report dealing with detailed>~administration requirements will be developed by |SO/IEC
JTC 1/9C 25.
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Annex A
(normative)

Test procedures

1:1995
999(E)

This annex on test procedures is divided into three parts. A.1 applies to the cabling, A.2 applies
to individual components of the cabling and A.3 illustrates how to make measurements on the
components. The number of samples to be tested is not necessarily 100 % but depends on the

qualityfassurance Tevel that is specified In the coniext of a specific installation.

It is intended to replace all of the specifications in this annex by reference to intern
specifications as they become available.

Al

The tejst procedures described in this section are defined in generahterms and are intern

add ¢
intenti
Makin

specidlised test equipment.

Care ghould be exercised in the interpretation and the ‘significance of any results obtaine]
detaildd test methods or practices other than thoseyshown here. Correlation factors shqg

identif

Al.1l

Attenu

categdry using a step size no greater.than 1 MHz. NEXT loss shall be measured from 1

the hi

0,15 MHz in the 1 to 31,25 MHz range and no greater than 0,25 MHz in the region

31,25

When

ground throughout the-measurements, unless otherwise stated.

A.1.1.1 Terminations

The e
circuit

Link performance testing

arity to the parameters specified in clause 7 of this Intérnational Standard. It
bn to describe what has to be measured rather than howto make the measure
] measurements at high frequencies requires some knowledge and expertise, an

ed and applied when needed.

Testing balanced cabling links
lation shall be measured from 1 MHz to the highest referenced frequency for 3
jhest referenced frequency<for a given category using a step size no greate

MHz.

a shield is presentiin the cabling, it shall be connected to the measurement (instr

ectrical performance of the links can be measured by connecting the source an
b \J0/the measurement configuration shown in figure A.1. The voltage sourc

ational

ded to
is the
ments.
1 often

d from
uld be

given
MIHz to
r than
above

iment)

d load
bS are

assumed 10 nave negrgibie source impedance, but they can contamn part or ail of e series
resistances R;, R,. Sources V, and V, need not be applied simultaneously. R; equals 50 Q. R,
and Ry are half the nominal differential characteristic impedance at the measurement

freque

ncy (Zo/2).

Near end crosstalk (V7 and Vg) is measured at any interface not directly connected to the pair
connected to the source.
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v
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Figure A.1 — Measurementyconfiguration
A.1.1.2 Calibration

Wherg the voltage sources cannot be measured directly, their effective values can be dg
he calibration configuration shewn in figure A.2. The effective value of V; then
the sum of the measured values of\WV; and V, with V, set to zero. The effective value
the difference between _.the- measured values of V5 and V, with V; set to zerg
methofl has the advantage of correcting for gain variation in the measurement devic

using
equals

other parts of the test system.

The balance of the test'system should be such that the ratio of the sum of V3 and V, to {
V; sefto zero, and,the ratio of the difference between V3 and V, to V; with V, set t
be at leasti20 dB smaller than the cabling balance performance requirement

should

duced
equals
of V,
. This
bs and

5, With
Zero,
t each

frequency. This~condition should be met in the calibration configuration with either polarity of
connegtion hetween the source network and the load network.

T
. @;T I: R3 ..
T QQW \E777 ] Vi
LR

Figure A.2 — Calibration configuration


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

- 60 - ISO/IEC 11801:1995

+A1:1999+A2:1999(E)
A.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)-valr)
a) Measured at a single port (LCL) balance = -20log;g—————— indB
vy (f)
- _ Vs () - v (r)
b) Transmission unbalance (LCTL) = - 20log;g—————in dB
v, (f)
The v4glidity of measurements of LCL and LCTL on installed cabling requires further-study. Until
the me¢asurement is validated, conformance to this International Standard can bg|achieyed by
design.
A.1.1.4 Return loss and propagation delay

A voltd

a) Re

b) Propagation delay is measured by applying a step<valtage V, with V; =0, R, = Zg

R3
std

The v4g

The prlopagation delay Tp is given by ts/2awhere ts is the time at the point at which the s

Vo(t) d
more (

The p
up to 1
is with
be per

A1.1.5
The tg

IEC 6
study.

ge V, is applied. V, is set to zero, R, = Z./2.

|V3(f)‘V4(fX

turn loss = - 20 logigH - —V(f)_Hin dB
2

= Open circuit and/or short circuit. A timer is_started in synchronization with the &
p.

lue V(1) = V5(t) — V(1) is measured.

hanges sign when the open and\short circuits for R, are swapped. This can b
learly if the open and short cirguit responses are subtracted from each other.

opagation delay is frequency dependent; for example measurements at 10 MHz
0 % lower than at 1 MHZ. If the propagation delay indicated by the above test pro
n 10 % of the delay\tequirements for the selected application, then further tests
formed at the frequency of the application to guarantee its correct operation.

Transferimpedance

st procedures for measuring the transfer impedance of shielded cables are spec
D096-1, clause 18. The test procedures for measuring shielded cabling are for

2 and
pplied

ope of
e seen

can be
cedure
should

fied in
further
ational

Until the tests are developed, conformance with the requirements of this Intern

Stand‘_ rdican bha achinvuad by dacian

A.l.2

rorcoarr gt T e v ooy ot oyt

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 te

st 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
measurement when the optical bandwidth of the input fibre is unknown. Additionally, most field
bandwidth measurement equipment requires a minimum of 1 000 m of fibre to perform an
accurgteand Tepeatabie test:

A.1.2.2 Attenuation measurements
The injtial measurement set-up is configurated as shown in figure A.3.

The received optical power P4 is measured and recorded.

P
Optical J
source Qptical
launchin g receiver
system

Figure A.3 — Calibration

The cdlibrated source and receiver are then eonnected to the optical link under test, as [shown
in figufe A.4.

2
Optifcal
soufce | Optical cabling [ ] Optital
launching ! under test “ recejver
system

Figure A.4 — Test set-up

The lipk<under test is than connected as shown in figure A.4, and the received optical power,
Py, is Wwwm% ingi i :
A= 10IoglOHP—1%n dB
P,

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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A.1.3 Link tests
Cabling link tests can be used in a number of ways:

a) Acceptance testing

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.

b) Troubleshooting

As a means of troubleshooting installed cabling. Appropriate tests should be selected from
those indicated.

c) Compliance testing

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

In Tabje 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

Bajanced cabling link tests Acceptance Troubleshooting Compliance

Chpracteristic impedance (X)

Prgpagation delay

D( resistance

Nefr-end crosstalk loss

Attenuation

X | X | X | X|[X

Refurn loss

Shjeld d.c. resistance

Echo response

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

Continuity of conductors, shields (if applicable), | X
sh¢rt and open circuits

Opttical fibre link tests

Multimode modal bandwidth

Prgpagation delay

Optical attenuation

X | X | X|[X

Return loss

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

The purpose of this annex is to specify transmission performance requirements for connecting
hardware that are consistent with the balanced cables requirements given in clause 7. This
annex[CommtaiTTs the Mo Set of tranmsSniSSion paraneters and test Tmethods TTecessary to
assurg that properly installed connectors will have minimal effects on cable performance.
These|requirements apply to only individual connectors which include, but are notylimfted to
TOs, patch panels, transition connectors and cross-connects. Transmission characterisgtion of
these fomponents does not include the effects of cross-connect jumpers or pateh cables

While [the intent of this annex is to minimise the effects of connectors. on end-to-end s$ystem
perforinance, it should be noted that requirements for connectors of-a_given type or cgtegory
are nof sufficient in themselves to ensure required system performance. Link performange also
depenfls on cable characteristics (including cross-connect jumpers)and patch cords), the total
numbgr of connections, and the care with which they are\iibstalled and maintained. For
guidarice and requirements on connector termination practices, cable management and the use
of crogs-connect jumpers/patch cords, see clause 9 and annex C.

A.2.2 | 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
connegting hardware performance with respect to balanced cable of a given npminal
impedfance only. Product compliance withrthis specification when tested with a specifid cable
type does not imply compatibility with~other cable types or cables with nominal impgdance
valueg| 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-
mission performance may. be determined for pair groupings of a specific conpector,
indepgndent of the quantity of cable elements that it is capable of terminating. For example, it
may bg necessary tosample groupings of adjacent pairs on cross-connect blocks designed for
use in|10 or 25 pairlincrements to determine worst case crosstalk performance variationg.

Test r¢sults_ on-eonnecting hardware shall be based on products terminated per manufadturer's
guidelines(and recommended installation methods. For connecting hardware with modular
interface components (such as plug and Jack connectors) transm|SS|on tests shall be

A i i \d jack
components shall be identified. Product comphance shall be determlned using worst case
measured values based upon a minimum of ten (10) randomly selected production 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.2.3.1 Attenuation

Attenufation is a measure of signal power loss due to the connecting hardware and(is-derived
from gqwept frequency voltage measurements on short lengths of balanced test-eads |before
and after inserting the connector under test.

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

A.2.3.2 Near-end crosstalk (NEXT) loss

Near-¢nd crosstalk is a measure of signal coupling frome¢ore circuit to another wjthin a
conneg¢tor and is derived from swept frequency voltage, measurements on short lengths of
balanded test leads terminated to the connector under test. A balanced input signal is applied
to a digturbing pair of the connector while the inducedssighal on the disturbed pair is megasured
at the pear-end of the test leads.

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

A.2.3.3 Return loss

Connector return loss is a measune of the degree of impedance matching between thg cable
and cqnnector, and is derived frem swept frequency voltage measurements on short lengths of
test lg¢ads with the appropriate characteristic impedance before and after inserting the
conneg¢tor under test. A balanced input signal is applied to a connector pair, while signgls that
are reflected back due tolimpedance 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 thewapplicable balanced cable type and performance category. The same set-
up thaft is used forsNEXT loss measurements is also used for return loss, except that|only a
single |connection.is made to the network analyser.

A.2.4 | Transmission testing of connecting hardware for balanced cables

A.2.4.1 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
product under test and the balun ground plane (if present) shall be at least 50 mm. If the
balanced test leads are shielded, the shield shall be connected in common with the balun
casing[on at Teast one end.

Impedpnce matching terminations for the balanced test leads and the product under tegt shall
be matched to the nominal impedance of the test leads (in particular 100 Q, 120-Q or 150 Q)
with al| tolerance not to exceed £3 % (x1 % precision metal film or precise-low inductance
resistgrs are recommended), throughout the frequency range from 1 MHz t0*100 MHz.

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

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 impedance (may differ, if necessary to accommodate analyser outputs other
than 50 Q.

2) Balanced ougputs of the test baluns shall be matched to the nominal impedance of the
test leads (400/Q, 120 Q or 150 Q).

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

For crpsstalk measurements, near-end of the transmission test setup corresponds to the end
from which test signals are applied. Far-end is defined as the end of the product under tgst 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
matching terminations are connected to the test sample and connector transmission
performance data is collected for each parameter.

See figure A.11 for an example of a set-up implementation that yields accurate and repgatable
near-gnd crosstalk performance data for connecting hardware with modular jacky-and plug
connegtors.

A.2.4. Measurement precautions

To asgure a high degree of reliability for connecting hardware transmjssion measuremerts, the
following measurement precautions are required.

a) Thhat consistent and stable balun and resistor terminations are used for each pair
thrpughout the test sequence. In order to reduce variability,\terminating resistors shquld be
connected directly to the far-end of the connector underytest. Balun terminations may be
used, provided they are shown to yield equivalent results.

b) Thhpt cable and test lead discontinuities, as introddced by physical flexing, sharp benfs and
reqtraints, be avoided before, during, and after cennector termination.

c) Thpt, throughout the test sequence, the relative spacing of the test leads be presefved to
thg greatest extent possible.

d) Thpt the test leads and connector undettest be separated from metallic surfaces, slich as
grqund planes, and isolated from sources of electromagnetic interference.

e) Thpt the balance of the test leads_be maintained by consistent wire lengths and twidgting to
thg point of termination.

f) Thpt coaxial and balanced-ead lengths be kept as short as possible so that resonanfte and
pafasitic effects are minimised. If resonance or deviations from linear slope are obperved
dufing NEXT loss measurements, balun grounding and length reduction of coaxial leads
mdy improve measurément accuracy.

g) Thpat connections between the connector under test and measurement baluns be made so
thgt wire moyerment resulting from connection of different pairs to the network analyser will
prqduce minimal variability for repeated measurements on the same product (+0,5( dB or
lesls is aeceptable). Where practical, a rigid test fixture is recommended.

The sgnsitivity to setup variations for these measurements at high frequencies warrants
thorouwmﬁmmﬁmmmmﬁtn and

application of the requirements in this annex are appropriate only if satisfactory measurement
repeatability 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 MHz

to 100 MHz (figure A.5).

Network anal yzer

N-BNC N-BNC
adapter adapter
Coax cable ag— 3dBmax g Coax cable
attenuation

With t
test lg
baland

Wideband }”E;LH{C Wideband
balun = = balun
Total len gth of

balanced test leads
used in test

Figure A.5 — Balun and test lead attenuation measurement

ne network analyser calibrated to factor out the combined attenuation of the balu
ads, the addition of impedance matching resistors conhected across each of t

with, @nd on each end of the balanced test leads) shall result-in an attenuation of 6 dB +

from 1
should

MHz to 100 MHz (figure A.6). In order to minimiSe*inductive effects, the resisto
be kept as short as possible (5 mm or less per<gide).

Network anal yzer

Wideband
N-BNC N-BNC balun
adapter adapter ‘ R O
Coax cable Coax cable
2 <5mm — M
6 +/- 1.5 dB \

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

150 Q

Total length of
balanced test leads
used in test

ns and
he two

ed outputs of the test baluns (one 100 Q, 120 Q or 150 Q resistor connected in parallel

1,5 dB
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,
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.

these
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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
terminations.

a) Stnip or position the jacket so that the twisted conductors extend a distance 0f 20 mm
beyond it. The jacket itself should be at least 13 mm long.

b) Popgition the cable pairs so that they are sequenced 1 and 2, 3 and 6, 4 and,5, 7[and 8
regpectively (figure A.7). To prevent physical invasion between pairs underthe jacket when
thqg 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 test
legds will appear to be oblong in cross-section.

Flat portion ~*— 8mm
min.

W Conductors 1&2
ESSESSSST (L uctons 386

Roundjjacket oo
Conductors 4&5
E E Conductors 7&8

]

13 mm 20 mm

min. min.

Figure A.7 — Balahced test leads and jacket prior to untwisting

c) Ungwist the insulated cenductors and orient them in the correct order for termination o that
thgy are parallel, and-€onductor 6 is made to cross over conductors 4 and 5. There shall be
noluntwisting of the eonductors inside the jacket.

d) The trimmed length of conductors should be about 14 mm, measured from the jacket| There
sh{II be no_physical crossings between conductors for a length of at least (10 = 1) min from

thg wire tips/ (figure A.8). The distance from the jacket where conductor 6 crosses over
conductors 4 and 5 shall not exceed 4 mm.
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1I0mmz=1
|
]
I |
—
Round jacket Flat portion
— | t—— 4 mm
max.

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

e) Ingdert 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 frgm the
batk of the plug to beyond the primary strain relief (figure A.9)\The jacket shall pifotrude
beyond the back of the plug by at least 6 mm.

Primary strain relief \

/ 8
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 ensufe that
thgy confafm to the required geometry.

A.3.2 | Bdlun and test plug qualification

Once the test plug is terminated (see A.3.1), its characteristics shall be verified by measuring
its crosstalk loss in an unmated state, with impedance matching resistors connected in parallel
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
4and5-7and 8 =55 dB
land 2 -7 and 8 > 55 dB

If the

removed from the baluns before any mated plug/socket measurements are made.

For prpduct qualification testing, a minimum of five (5) test plugs shall be used. TOC

results

subjedt to the following additional TOC requirements for pin combitations 4 and 5 as
3 and p.

a) At

from =40,0 dB to <40,5 dB at 100 MHz.

b) At

from =40,5 dB to <41,5 dB at 100 MHz.

c) At

100 MHz.

NOTE

test plug complies with these requirements, the 100 Q or 120 Q resistors shall be

may be rounded to the nearest 0,1 dB. Of the minimum five teSt;plugs used, thn

least one of the five test plugs used shall exhibitt TOC NEXT loss in the
least one of the five test plugs used shall _exhibit TOC NEXT loss in the

least one of the five test plugs used shall'exhibit TOC NEXT loss of 241,5

The test plug should be periodically examined, for'physical wear and mechanical degradation.

Network analyzer

N-BNC N-BNC
adapter 1099 @ or 120 adapter
Coax gable Coax cable
Wideband Wideband
balun balun

Total length of 100 Q or
120 Q balanced test

leads 1ised in test

NEXT
ee are
vell as

range

range

dB at

A.3.3

8-pin plug
front view

Figure A.10 — Test plug qualification measurement

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.

The 8-pin plug used in this setup is terminated per A.3.1 with a short piece of category 5 cable,
which j i -3.1). Beyond
the jagket, the cable elements are oriented 90° with respect to one another as shownuin| figure
A.11, detail C. The tips of these conductors are connected to measurement baluns\by insertion
into the balun mounted IC sockets (figure A.11, detail B). The lengths of the ‘balanced test
leads [are adjusted to just reach the baluns, with the two pairs being measured in ¢xactly
opposite directions coming out of the test plug (180° apart). In thissWay, various pair
combipations may be measured without soldering.

To fagtor out attenuation of the set up, a series of normalising jacks<are constructed from PC
mountpble jacks. There is one normalising jack for each of siXx “possible pair combinations
(based on four test pairs). Each normalising jack connects a specific transmit pair to a slpecific
receive pair. For example, when measuring pins 4 and 5 and«3'and 6, the normalising jack for
this cdmbination allows a signal entering pins 4 and 5 to_exit'on pins 3 and 6. Care shquld be
taken [to assure that the loop-back connections on the“normalising jack are configyred to
preserve balun polarity. Once the jack is mated to{the measurement plug, the analyser is
calibrgted. Since the connector under test is considered to consist of a mated plug and $ocket,
it is important that the normalising and calibration<pfocedures do not factor out crosstalk noise
that mpy be attributed to the modular plug and.ack combination. To measure a TO, the plug is
then mated with the test jack, and NEXT loss“measurements are performed. When termjnating
the test jack with 100 Q or 120 Q resistors, they should be connected directly to thg cable
termingtion.
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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 balanced tést leads
loop-back used in test

Detail A: Test setup without DUT

IGsockets

Balun

¢ e
e

) / Insulation
P4 %
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 connecting hardware is vital to the cabling system. Changes in contact
resistance because of operational and environmental stress can negatively affect the
transnyissi Tsti e i . i g lished
by subjecting the product to a number of mechanical and environmental conditiors and
measyring 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 gase of
mechgnical termination, safety or other functional attributes at any time duringcor ‘after testing.

To ensure that all connecting hardware for the 100 Q, 120 Q and 150 Q\cabling systems will
perforin reliably under field installation conditions, it shall be capable of passing the test
sequepce illustrated in figure B.1l, when mounted and conneéted in accordancg¢ with
manufpcturer's guidelines. Unless otherwise specified, tests should be carried out|under
standgrd atmospheric conditions in accordance with 5.3.1 of IEC60068-1.

B.2
CONTACT
RESISTANCE
IEC 60512-2
B.3 B.4 B.5 B.9 B.6
INSULATION DURABILITY VIBRATION CORROSION STRESS
RESI$TANCE IEC 60068-2-6 TESTING RELAXATION
IEC q0512-2 IEC 60068-2-60 IEC 60068-2-2

B.7 B.7
THHRMAL - THERMAL
SHOCK SHOCK
IEC 60p68-2-14 IEC 60068-2-14
.8 B.8
HUV\;TIDITY/ — HUMIDITY/
TEMP CYCTE TEMP CYCLE
IEC 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) 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.

b) 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
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 condifj

c) Wi
reg

For 2-
or shi
interva

B.3

Insula
Test V
100 M

These

B.4

Eleme

throughout normal use shall withstand at least 200 insertion and withdrawal cycles

failing] 100 cycles are done before, Thermal Shock and Humidity/Temperature Cycling,
additignal 100 cycles are performed during and after these environmental tests.
Evalugtion

Inspedt and measure contact resistance after 100 cycles. These specimens shall be u
samplé group B.

NOTE [According to<}lEC specifications, the TO interface is subject to a minimum durability require
750 cyc]es. For other-eonnections that are subject to frequent access, the same durability rating (=750 ¢
recommended.

B.5 Vikration

enever contact resistance measurements are required on the following tests;.in
istance shall not change by more than 5 mQ from the initial value.

hbiece connectors and shield terminations, the interface resistance of thesmated cq
bld connection shall not exceed 20 mQ initially, or at the prescribed measu
Is during or after environmental conditioning.

nsulation resistance

ion resistance shall be measured in accordance with {EC'60512-2, Test 3a, Met

).

specimens shall be used as sample group A.

Durability

hts of the connecting system that are subject to more than a single connecting op

oning.
erface

ntacts
ement

hod C,

oltage 500 V d.c. Insulation resistance between any_two conductors shall be at least

pration
vithout
and an

sed as

ment of
cles) is

Vibration tests shall be performed in accordance with IEC 60068-2-6, Test Method Fc and
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)
2)

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

b) Evaluation

Inspect and measure contact resistance at (168 + 10) h intervals.

hermal shock

al shock tests shall be performed in accordance with IEC 60068-2-14, Test\Méeth
pIf of sample group A terminals shall be tested in mated (terminated)” state

ing sample group A terminals shall be tested in an unmated (unterminated)
e group B terminals shall be tested in mated (terminated) state only.

5t conditions

Low temperature (Ta): (40 £ 2) °C

High temperature (T3): (70 £ 2) °C

Minimum average rate

of temperature change: 3 °C/min

Exposure time (t;): 30 min (each temperature)

Number of cycles: 100

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

hluation

pect and measure contact resistance after (50 = 5) cycles and at the completion
ling. These specimens shall be-used for humidity/temperature cycle testing.

Humidity/temperature‘cycle

ethod Z/AD with eold subcycle. One-half of sample group A terminals shall be te
(terminated)\state. The remaining sample group A terminals shall be tested

bd Nb.
. The
state.

after

of test

ty/temperature cycle testing shall be performed in accordance with IEC 60068-2-38,

sted in
in an
nated)

B.7
Therm
One-h
remair
Sampl
a) Te
1)
2)
3)
4)
5)
6)
b) Ev
Ing
CY(
B.8
Humid
Test M
mated
unmat
state g
a) Te
Th
1)
2)
3)
4)
5)
6)
7)

ed (unterminated) state. Sample group B terminals shall be tested in mated (term
nly.

5t canditions

stest is performed only on product that has passed thermal shock testing

Low temperature: (25 2) °C

High temperature: (65 +2) °C

Cold subcycle: (<10 £ 2) °C

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

Cycle time: 24 h
Number of cycles: 21

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) Evpluation
Ingpect and measure contact resistance upon removal from the test chamber.

The cqrrosion 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 apre i } i A 120 Q

and 1 [ other
flexibl s. The
electrical performance of stranded work area cabling, patch cords and equipment [cables
should 100 Q
and 11 les. In
some [cases, stranded cables used for patch cords may deviate from\the colour sgheme
specifi tiation

The aftenuation in dB/100 m and the d.c. loop resistance in Q£X00 m should not be moie than
50 % higher than required in clause 8. It should be noted that\these values lead to a makimum
equivalent electrical length of 15 m based on 10 m of mechanical length. If these valueg of the
flexibl¢ cable exceed the value prescribed above, th€ ‘'mechanical length shall be rgduced
accordingly.

NOTE 1 Equivalent NEXT loss requirements and attenuation‘requirements for short lengths of flexible caljles with
and without connectors are for further study.

NOTE 4 It is intended to supplement the requirements*in this annex by reference to International Standards as
these bgcome available.

C.2 Additional requirements for't50  Q flexible cables
In addition to the higher attenuation and d.c. loop resistance for 150 Q flexible cables the

mechgnical and electrical- requirements of tables C.1 and C.2 shall supersede the
corresponding requirements. of 8.2 for solid 150 Q cables.

Table C.L—"Different mechanical characteristics for 150 Q flexible cables

Cable characteristics Units Fequirements Test method
| Mechanical characteristics
|1 Diameter of conductor mm 0,46 to 0,52 3.4.1 of IEC 61156-1
1.2 Diameter over insulated conductor mm <1,9 3.4.1 of IEC 61156-1
1.7 Number of cable units in a cable 1
1.9 Outer diameter of cable mm <9,5 3.4.1 of IEC 61156-1
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