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INFORMATION TECHNOLOGY -
IMPLEMENTATION AND OPERATION
OF CUSTOMER PREMISES CABLING -

Part 3: Testing of optical fibre cabling
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1ISO/I
techn
Intern

laborate in fields of mutual interest. Other international organizations, governmental and nonggovernn
iaison with ISO and IEC, also take part in the work.

b formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possit
prnational consensus of opinion on the relevant subjects since each technical commijttee has represe
M all interested IEC and ISO National bodies.

L and ISO documents have the form of recommendations for international use _andvare accepted by IH
D National bodies in that sense. While all reasonable efforts are made to ensure jthat the technical con
[ and ISO documents is accurate, IEC and ISO cannot be held responsible for'the way in which they ar
or any misinterpretation by any end user.

order to promote international uniformity, IEC and ISO NationalCbodies undertake to apply IE
D documents transparently to the maximum extent possible in their mational and regional publication
ergence between any IEC and ISO document and the corresponding national or regional publication s
arly indicated in the latter.

L and ISO do not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC_and ISO marks of conformity. IEC and ISO 3

users should ensure that they have the latest edition ‘of this document.

liability shall attach to IEC and ISO or their ditectors, employees, servants or agents including ind
erts and members of its technical committees “and IEC and ISO National bodies for any personal
perty damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (ing
al fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document
er IEC and ISO documents.

ention is drawn to the Normative references cited in this document. Use of the referenced publicat
ispensable for the correct application of this document.

L and ISO draw attention to theypossibility that the implementation of this document may involve the use
ent(s). IEC and ISO take no position concerning the evidence, validity or applicability of any claimed
hts in respect thereof. As‘of the date of publication of this document, IEC and ISO had not received ng
patent(s), which may e required to implement this document. However, implementers are cautioned ti]
y not represent the-latest information, which may be obtained from the patent database availg
bs://patents.iec.ch“and www.iso.org/patents. IEC and ISO shall not be held responsible for identifying
such patent rights.

FC 14763*3 has been prepared by subcommittee 25: Interconnection of inform
ology ‘equipment, of ISO/IEC joint technical committee 1: Information technology. It
atiohal Standard.

T the—speciatized systenT for wortdwide standardization Natiomatbodies that—are members—of 1SSpr |IEC
ticipate in the development of International Standards through technical committees establishedxpy the
pective organization to deal with particular fields of technical activity. ISO and IEC technical.committees

hental,
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This

third edition cancels and replaces the second edition published in 2014

Amendment 1:2018. This edition constitutes a technical revision.

and

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

a) removal of plastic fibre testing;

b) addition of testing of MPO cabling;

c) restructuring of the content;

d) addition of end-to-end link LSPM testing;

e) addition of MPTL LSPM testing;

f) addition of measurement uncertainty for all measurement methods;
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g) introduction of normative inspection for cleanliness to align with the ISO/IEC 11801 series;

h) testing will support SM ranges up to 10 km;

i) introduction of new test limits for connector attenuation against reference connector;

j) introduction of description of reference connectors;

k) introduction of recommended cleaning methods.

The text of this International Standard is based on the following documents:

Full i
the a

The |

A list
techn

Draft Report on voting

JTC1-SC25/3214/FDIS JTC1-SC25/3239/RVD

nformation on the voting for its approval can be found in the report on voting indica
bove table.

Anguage used for the development of this International Standard is English.

IEC Website.

This

accofldance with ISO/IEC Directives, Part 1, available at www.iec.ch/members_experts/re
and www.iso.org/directives.

ed in

of all parts in the ISO/IEC 14763 series, published under the“general title Information
ology — Implementation and operation of customer premises.cabling, can be found dn the

Hocument was drafted in accordance with ISO/IEC Directives, Part 2, and developed in

fdocs

IMP

that

ORTANT — The "colour inside” logo on the cover page of this document indic

ates

it contains colours which are considered to be useful for the correct understangding
of ifs contents. Users should therefore print this document using a colour printer.
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This document

ISO/IEC 11801.

has been prepared

—9-—

INTRODUCTION

in support of the

International

Standard series

Figure 1 shows the inter-relationship between the ISO/IEC 11801 series and other International

Standards and for cabling systems with related standards.

ISO/IEC 11801 series

Information technology - Generic cabling

ISO/IEC 14763-2

Information technology - Implementation

This
accof

for customer premises

and operation of customer premises
cabling - Part 2: Planning and installation

IEC 61935-1

Specification for the testing
of balanced and coaxial
information technology

cabling - Part 1: Installed
balanced cabling as speci-
fied in ISO/IEC 11801-1

and related standards

ISO/IEC 14763-3

Information technology -
Implementation and
operation of customer
premises cabling - Part 3:
Testing of optical fibre
cabling

IEC.61935-3

Testing ‘of balanced and
coaxial information
technology cabling -

Part 3: Installed cabling as
specified in ISO/IEC
15018 and related
standards

Figure 1 — Relationship of related International Standards

in acg¢ordance with the requirements.and recommendations of ISO/IEC 14763-2.

Userd

ISO/IEC 14763-2.

The

qualify plan are.given in ISO/IEC 14763-2.

IEC

Hocument details the inspection and;test procedures for optical fibre cabling design
dance with premises cabling standards including the ISO/IEC 11801 series and ins

of this document should be familiar with relevant premises cabling standards

quality plan for-each installation will define the acceptance tests and sampling |
selecfed for that installation. Requirements and recommendations for the development

ed in
talled

and

evels
of a
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INFORMATION TECHNOLOGY -
IMPLEMENTATION AND OPERATION
OF CUSTOMER PREMISES CABLING -

Part 3: Testing of optical fibre cabling

1 Scope

This

installed optical fibre cabling designed in accordance with premises cabling standafds’incl

the |

where they exist.

2 Normative references

The f

consfitutes requirements of this document. For dated references,only the edition cited ap

For

amendments) applies.

ISO/I

General requirements

ISO/IEC 14763-2, Information technology — Implementation and operation of customer pre
cabling — Part 2: Planning and installation

IEC §0050-731, International Electrotechnical Vocabulary — Part731: Optical
communication (available at http://www.electropedia.org/)

IEC §0825-2, Safety of laser products — Part 2: Safety of optical fibre communication sy9
(OFQSs)

IEC §1280-1-3, Fibre ,optic communication subsystem test procedures — Part 1-3: G¢g
communication subsystems — Measurement of central wavelength, spectral width and addi
speciral characteristics

IEC §1280-1-4, Fibre optic communication subsystem test procedures — Part 1-4: G¢g
commudicdtion subsystems — Light source encircled flux measurement method

2024

part of ISO/IEC 14763 specifies systems and methods for the inspection and-iesti

SO/IEC 11801 series. The test methods refer to existing standards-based ‘proce

bllowing documents are referred to in the text in such a way that'some or all of their cg

indated references, the latest edition of the referenced document (including

FC 11801-1, Information technology — Generiéccabling for customer premises — P,

ng of
Lding
jures

ntent
plies.
any

art 1:

mises

fibre

tems

neral

tional

neral

IEC 61280-4-1, Fibre-optic communication subsystem test procedures — Part 4-1: Installed
cabling plant — Multimode attenuation measurement

IEC 61280-4-5, Fibre-optic communication subsystem test procedures — Part 4-5: Installed
cabling plant — Attenuation measurement of MPO terminated fibre optic cabling plant using test
equipment with MPO interfaces

IEC 61300-3-35, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 3-35: Examinations and measurements — Visual inspection of
fibre optic connectors and fibre-stub transceivers
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IEC 61300-3-42, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 3-42: Examinations and measurements — Attenuation of single
mode alignment sleeves and or adaptors with resilient alignment sleeves

IEC 61315, Calibration of fibre-optic power meters

IEC 61746-1, Calibration of optical time-domain reflectometers (OTDR) — Part 1: OTDR for
single mode fibres

IEC 61746-2, Calibration of optical time-domain reflectometers (OTDR) — Part 2: OTDR for
multimade fibres

IEC §1755-2-4, Fibre optic interconnecting devices and passive components — (Cohrlector
optical interfaces — Part 2-4: Connection parameters of non-dispersion shifted-single-mode
physically contacting fibres — Non-angled for reference connection applications

IEC §1755-2-5, Fibre optic interconnecting devices and passive compenents — Conrlector
optical interfaces — Part 2-5: Connection parameters of non-dispersion. shifted single-mode
physically contacting fibres — Angled for reference connection applications

IEC §1755-3-1, Fibre optic connector optical interfaces — Part 3-1: Optical interface, 2, mm
and 1,25 mm diameter cylindrical full zirconia PC ferrule, single‘mode fibre

IEC §1755-3-2, Fibre optic connector optical interfaces < Part 3-2: Optical interface, 2, mm
and 1,25 mm diameter cylindrical full zirconia ferrulésvfor 8 degrees angled-PC single mode
fibred

IEC §1755-3-31, Fibre optic interconnecting~dévices and passive components — Conrector
optical interfaces — Part 3-31: Connector . parameters of non-dispersion shifted single mode
physically contacting fibres — Angled polyphenylene sulphide rectangular ferrules

IEC §2614-1, Fibre optics — Multimode launch conditions — Part 1: Launch confition
requifements for measuring multimode attenuation

IEC RAS 63267-3-31, Fibre optic interconnecting devices and passive components — Fibre|optic
conngctor optical interfaces — Part 3-31: End face geometry — Flat PC PPS rectangular férrule
multimode fibres

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

For the a
IEC 60050-731 and the

following appl,y.
ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

adaptor
device that enables interconnection between terminated optical fibre cables
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uation

2024

reduction in optical power induced by transmission through a medium such as optical fibre,

given

as 4 = =10 log (Py,+/P;n), where P;, and P, are the power, typically measured in

out

into and out of the cabling

Note 1

3.1.3
atten

to entry: The values of 4 are in decibel (dB)

uation dead zone

mW,

<refl
trace

Note 1

[SOU
chan

3.1.4
bi-di
techn
into d

3.1.5
cable
covel
mem

Note 1

3.1.6

connfection

' £1 ' 4 H OTHR £4 +lo 4 I £l A H
CUVC Ul TIVUITTTTITICULUIVT TVOIITL ICHIUII vl dit Y TUITN ditclh U1c TVTITTL WITTTT 1T UlopJ

deviates from the undisturbed backscatter trace by more than a given vertical distan

to entry: AF is commonly accepted to be a value of 0,5 dB

RCE: IEC 61746-1:2009, and IEC 61746-2:2010, 3.3, modified — The -note has
ped and Figure 1 has not been included.]

bers, strength members or jackets

to entry: Sometimes simply referred to as "sheath".

aced
ce AF

been

ectional measurement

ique consisting of two measurements of the same optical (fibre, made by launching light
pposite ends of that fibre

sheath

ing over the optical fibre or conductor assembly that can include one or more metallic

ance

ue of

mated device including terminations‘connecting two cables or cable elements

3.1.7

encircled flux

fractipn of cumulative near-field power to the total output power as a function of radial dis

from the optical centré of the core

3.1.8

fail gssult

measlured value which fails to meet the specified requirement and where the absolute va

the djfference between the measured value and the specified requirement is greater than the
stated«measurement uncertainty

3.1.9

launch test cord
cable assembly used to connect from a light source to the cabling under test or as part of a test
reference measurement

3.1.10

light

source and power meter

test system consisting of a light source (LS), power meter (PM) and associated test cords used
to measure the attenuation of installed cable plant
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3.1.11

marg

inal result

measured value which differs from the specified requirement by an amount not exceeding the
stated measurement uncertainty

ghtly

used
vithin

3.1.12

multimode fibre

optical fibre along whose core the radiation of two or more bound modes can propagate at the
wavelength of interest

Note 1 to entry: A typical multimode fibre propagates 100 modes or more.

[SOURCE: IEC 60050-731:1991, 731-02-03, modified — The definition has been, sl
changed and Note 1 to entry added.]

3.1.13

optical fibre

waveguide shaped as a filament, made of dielectric materials for guiding optical waves
[SOURCE: IEC 60050-151:2001/AMD3:2019, 151-12-35]

3.11

opticlal time domain reflectometer

OTD

test §ystem consisting of an optical time-domain reflectometer and associated test cords
to characterize and measure the attenuation of installed cable plant and specific elements
that gable plan

3.1.1p

pass|result

measured value which meets the specified requirements and where the absolute value

differ

ence between the measured valug\and the specified requirement is greater than the s

measiurement uncertainty, providedhany apparent gain does not exceed the measurd

unce

3.1.1
pin ¢
PCT(
cord
isap

3.1.1

tainty

b
onversion test cord

b
b

ised to change€ the mated connector from pinned to unpinned, and vice versa when
inning incompatibility between the launch test cord and link under test.

/

reference adaptor

adap

aorwith tightened tolerances (for example, a single-mode adaptor), to ensure refe

bf the
tated
ment

there

fence

conn

clione can ha attainad
SGHORS-GaveattaHhea

3.1.18

reference connector
connector with tightened tolerances terminated onto an optical fibre that can require tightened
tolerances such that the expected attenuation formed by mating two such assemblies is less
than or equal to a specified value that is lower than the normal expected attenuation

3.1.19
reference measurement
measurement of the output power of the light source that is used to determine the input power

level

to the cabling under test
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3.1.20
reference plane
theoretical plane without thickness or tolerances.

Note 1 to entry: The reference plane is used to define spaces in mechanical structures.
[SOURCE: IEC 60050-581:2008, 581-25-30]

3.1.21

single-mode fibre

optical fibre which supports only one mode of light transmission

2024

3.1.2
subs
test ¢
the a

3.1.2

P
titution test cord

ord used within a reference measurement which is replaced during the meastremgnt of

tenuation of the cabling under test

B

tail test cord

cablg assembly used to connect from a power meter to the cabling under test or as part of a
test reference measurement

3.1.2

test ¢ord

cablg assembly used either to connect test equipmenttdithe cabling under test or as parnt of a
test reference measurement

3.1.2

test operator

skilled person who tests in accordance with instructions provided by the test system designer
3.1.2p

test system

test gquipment, test cords and adaptors necessary to undertake a given test in accordance with

the re

3.1.2

defeg¢

surfa

3.1.2

quirements of this document

7
t
ce feature such.as pits, scratches, chips and loose debris

B

loose debris

partid

les @nd debris on the surface that can be removed by cleaning

3.1.29

pit

permanent non-linear surface damage

3.1.30
scratch
permanent linear surface damage
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3.2 Abbreviated terms

For the purposes of this document, the abbreviated terms of ISO/IEC 11801-1 and the following
apply.

APC angled physical contact

BIMMF bend insensitive multimode fibre referred to as enhanced macrobend loss fibre
CP consolidation point

DUT device under test

EQP equipment

E2E end-to-end

EC equipment cord

ffs for further study

IOR index of refraction

LC LC connector

LTC launch test cord

LS light source

MF multi fibre

MM multimode

MMIF multimode fibre

MPQO multi-fibre push on (based on rectangular ferrule)
MPTL modular plug terminated link

N/A not applicable

OTOR optical time domain reflectometer
PC physical contact

PCTC pin conversion test cord

PM power meter

RL return loss

RM$ root mean square

SC subscriber connector

SF single.fibre

SF(Q sihgte fibre connector

SM single-mode

SMH single-mode fibre

ST substitutiom testtord

TTC tail test cord
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3.3 Symbols

For the purposes of this document the following symbols apply.
|:| Optical fibre connector (general)
I Optical fibre connector on installed cabling

Optical fibre connector with reference termination

H Optical fibre adaptor (general)
I Optical fibre adaptor embedded in cabling

Optical fibre reference adaptor

o Splice

4 (Gonformance

To tept installed cabling in accordance withthis document:

a) the reference connectors shall conferm to the requirements of 5.6;
b) the requirements of Clause 6 shall be met;

c) the test equipment and test cords shall conform to the requirements of Clause 5;

d) the test method, as appropriate, and treatment of results shall conform to Clauses 6 3

e) information about the‘test equipment shall be documented in accordance with 5.2;

f) the test results ) shall be documented in accordance with Clause 6
IJO/IEC 14763-2:2019, 10.3.3.

To ingpect installed cabling in accordance with this document:

1) the inspection equipment shall conform to the requirements of 5.8;
2) the.nspection method, as appropriate, shall conform to 6.8.

2024

nd 7;

and

This document does not specify which test or sampling level is to be adopted as this is specified
in the quality plan (see Annex B) meeting the requirements of ISO/IEC 14763-2. This document

does define the test method and equipment to be utilized for specific tests.

Laser safety is outside the scope of this document, and is covered by other standards and by

regulations. However, information given by this document can be of assistance.
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5 Test equipment

5.1

General requirements

The test equipment and particularly the adaptors, test cords terminated with reference
connectors and reference connectors, affect the uncertainty of the attenuation measurement
for a given component, link or channel.

The test equipment shall be calibrated using standardized procedures (e.g. |[EC 61315 for
optical power meter and IEC 61746 series for OTDR), or tester manufacturer's documented
procedures, as appropriate.

The
the u

Index
not b

5.2

Test
certif
facto

5.3

Appa
LSPN

e of the test equipment at the time the tests are carried out.

matching materials (gels or fluids) between the polished end faces of-connectors
e used.

Documentation
pquipment used for conformance testing should include apparatus specific document
y calibration date.

Apparatus

ratus requirements apply to single-fibre and\.multi-fibore LSPM and OTDR device

measiurement single-ended, from either fibre.end.

5.4 | Light source and power meter

5.4.1 Light source

54111 General

The light source shall be _capable of producing a stable optical output power and an o
interface compatible with:the single fibre ferrule test reference cords.

For al multimode MRO interfaced light source, the connector shall have a PC or APC end
For sjngle-mod€:MPO ported light source, the connector shall have an APC end face.
5.4.1|12 Stability

The perfarmance of the light source is defined at the output of the launch cord. This is ach

est operator shall have evidence, in the form of a valid calibration certificate, to|support

shall

ation,

cates of compliance to specific standards (i.e. encircled. flux), test cord test data, and the

5. An

| uses a light source and power meter at each end of the fibre cabling. An OTDR makes a

ptical

face.

eved

by transmitting the output of a source, such as a laser or light emitting diode, into the launch
cord. The source shall be stable in position, wavelength and power over the duration of the
entire measurement procedure. Power stability should be high to minimize uncertainty. When
verified using the method described in IEC TR 61282-14, power stability shall be less than or
equal to 0,20 dB.
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5.41.3 Launch condition

Fors

ingle-mode fibre cabling, no specific launch condition is required.

2024

For multimode fibre cabling (MMF), the launch modal condition shall meet the requirements of
IEC 62614-1, IEC 61280-4-1, and IEC 61280-4-5 at either:

a) th

e output of the launch test cord; or

b) the output of the bulkhead of the light source when the associated test cords achieve launch

m
c) t

odal condition at the output of the launch test cord by design; or

e output of the bulkhead of the light source for MPQ light sources if the following cand

itions

al
1

NOTE
requirg
power
be con
the ou
or mog
inside
impact

The g

— u(

- U

e met:

the measurement uncertainty is known and documentation is available as specif
5.2;

the agreed quality plan supports the test method and associatedy measurg
uncertainty (ISO/IEC 14763-2);

the measurement uncertainty for the tests is documented within the test
documentation (ISO/IEC 14763-2).

A controlled encircled flux, defined by target and limits, is the standardized distribution of light i
d for multimode attenuation measurements. For a light source that produces a uniform or overfilled
distribution and using a test cord that has an integrated mode filter, th€_output of the test cord is meas

put of the test cord is measured to be compliant. For devices that use a test cord without a mode scr
e filter, modal transparency is dependent on matching the core diameter and numerical aperture of th

the light source to the test cord fibre; this is the case for,.example with MPO test cords. This could h
on the launch modal condition, measured attenuation, and uncertainty.

pecified encircled flux modal condition shall*be achieved by:

be of conformant equipment includinga mode conditioner and a corresponding test ¢
be of equipment with unknown modalcondition but use of a conformant modal conditi

deévice in the launch test cord;

- ug
re
w

Laun

The f]

o 8}
e 1

be of equipment with a sourcé that requires mode filtering and a controlled outy
ference connector with_latunch modal condition that has been measured in accord
th IEC 61280-1-4.

Ch test cords shallinclude reference grade connectors in accordance with 5.6.

bllowing launch conditions are considered normative for MMF cabling:

b0 nm far 50 uym core diameter;

300mm for 50 ym core diameter;

o 8

ed in

ment

result

h fibre
mode
ired to

hpliant. For test cords that have a mode scrambler and mode filtery, capable of attaching to any light Jource,

hmbler
e fibre
hve an

ord;
bning

ut at
ance

b0\ for 62,5 um core diameter;

o 1

300 nm for 62,5 ym core diameter.

5414 Spectral characteristics

For required test wavelengths, see ISO/IEC 11801-1 and ISO/IEC 14763-2. LEDs
Fabry-Pérot lasers should be used for multimode and single-mode testing, respectively.
VCSELs should not be used.

and

Light sources for testing MMF cabling and components shall conform to the spectral
characteristics of Table 1 when measured in accordance with IEC 61280-1-3. The MMF
supported by this document are defined in IEC 60793-2-10.
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Table 1 — MMF spectral requirements

Centroidal wavelength Spectral width range?
nm nm
850 = 25 (on A1-OMx fibre) 10 to 38 (RMS)
1280 to 1 330 (on A1-OMx fibre) 10 to 75 (RMS)
2  The spectral width range applies only to the LSPM apparatus.

ent are defined in IEC 60793-2-50.

Table 2 — SMF spectral requirements

Centroidal wavelength Spectral width range
nm nm
1310 £ 30 (on B-652 and B-657 fibre) < 5 (RMS) fordlasér diode
1 550 = 30 (on B-652 and B-657 fibre) < 5 (RMS) for laser diode

Power meter

hbling, including considerations on the power\launched into the cabling. The meter
a detecting surface of sufficient size to capture all the power coming from the optica

shall be sufficiently large to capture all the power coming from the test cord.

test at the end of the link where the light source is to be attached.

ither an MPO multimode plug or MPO/APC single-mode plug.

on is advised when interfacing to the power meter MPO port, since it can be pinn
ned.

istics
this

ower meter shall be capable of measuring thextange of power normally associateq with

shall
fibre

5 put into it. If a fibre pigtail is used, the\pigtailed optical fibre core and numerical apgrture

eceiver connector of the power ‘meter shall be the same connector used in the system

ower meter having an(MPO compatible port, either pinned or unpinned, shall intdrface

ed or

Further infofmation on power meter features for MPO connectors can be found in

IEC T

R 61282-15.

The

howar matar chall anahla Antical nAawvwar maosaciiramantc +tn ha racnardad 4
D>oWwWetH—eter—Sstar—eHant W-e ¥ eHe ecoraea—6o

st two

SAIASA-La SA~ T TrooouUToT TTto—to— o Cc—

significant digits in the decimal place (e.g. —-14,32 dBm, 2,19 dB).

5.5
5.5.1

OTDR

General

OTDR equipment for testing MMF cabling and components shall conform to the centroidal

wave

lengths of Table 1.

OTDR equipment for testing SMF cabling shall conform to the centroidal wavelengths of
Table 2.

OTDR characterization shall be undertaken using a launch test cord and a tail test cord. The
LTC and TTC shall be terminated with reference grade test connectors.
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For testing optical fibre cabling terminated with MPO connectors, an optical switch is needed.
It can be installed within the OTDR mainframe and provide a single MPO interface port.
Alternatively, the optical switch can be implemented outside of the OTDR mainframe with a
single fibre to multi-fibre interface. Where an optical switch is not available, suitable MPO to
single fibre link can be utilized.

5.5.2 OTDR requirements
5.5.21 General

The OTDR shall be capable of supporting a range of pulse widths and averaging times to

should have a short attenuation dead zone following a standard connector to adegyately
measure connector attenuation and return loss at connections to the installed cabling tinder
test.

5.5.2{2 OTDR characterization using test cords
Characterization of cabling using an OTDR with a launch test cord and a\tail test cord:

a) pfroduces a unidirectional characterization of the form shown in &igure 2;
b) provides a continuity measurement for the cabling under tesft;

c) pifovides information about the general quality of both thelocal and remote interface {o the
cabling under test, the quality of the cabled fibre like in"the ISO/IEC 11801 series ang any
embedded connecting hardware;

d) provides a quantitative measurement of the local/(i“e. near-end) and remote (i.e. farfend)
interfaces to the cabling under test when using measurements taken in each dirgction
(i{e. bi-directional);

e) pfovides a quantitative measurement of the-channel or link (see Clause 6) attenuation when
the measurement is taken in one direction provided that the backscattering charactefistics
of the optical fibre within the launch.tést cord and tail test cord are the same;

f) pfovides a quantitative attenuation measurement of the channel, or link embgdded
connecting hardware (see Clause 6) when the measurement is taken from two diregtions
provided that:

o [ attenuation measurements of permanent links, channel or embedded conngcting
hardware are derived by averaging the associated bi-directional test results;

o [ the distance between embedded connecting hardware is not less than the dead zgne of
the OTDR (see’7.3.5).
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Figure 2 — OTDR characterization using a launch test cord’ and a tail test cord

Test cord connectors
Connecting hardware at test interfaces

onnecting hardware to be connected to the cabling under test (i.e. launch test cord
st cords) together with the hardware that terminates the substitution test cords an
pcting hardware adaptors are specified as.part of the test methods specified by

document and are called reference connectors:

Refer

ence connectors are used to reduce' the measurement uncertainty for the attend

5 and
1l any
this

ation

measurements and are used for multimdde and single-mode in single fibre (i.e. LC conngctor)

and n

hulti-fibre connectors (e.g. MPO.connectors).

speci

5.6.2

The
atten
shall

ies requirements for MPO connectors.

Connecting hardware attenuation requirements

ey performance requirements of different connector types are listed in Table 3
lation value of the reference connector to the reference connector in a reference ad
be métin order to achieve the attenuation values of ISO/IEC 11801-1.

The fultimode LC and MPO teféerence connectors are terminated on 50 ym fibre and are in
acco{dance with IEC 63267-2:11 for LC and other single fibre connectors. IEC 63267

-2.22

The
aptor

T Under preparation. Stage at the time of publication: IEC CDV 63267-2-1:2023.

2 Under preparation. Stage at the time of publication: IEC CDV 63267-2-2:2023.


https://iecnorm.com/api/?name=ddfe57c5119d5281e3795e4ea09b7bf5

— 22 —

Table 3 — Connector identification and attenuation test limits

ISO/IEC 14763-3:2024 © ISO/IEC 2024

Reference Reference
Connector connector to connector to

identification Connector type reference standard grade

Mode connector test connector test
limit limit
dB dB
Multimode Rm12@ MM SF 0,10 0,45
Rm122 MM MF12 0,15 0,45
Rm24.2 MM MF24 0,20 0,45
Rm16 @ MM MF16 0,15 0,45
Rm16A 2 MM MF16 APC 0,15 0,45
Single- Rs1-Grade 2 P SM SF 0,2 0,7

mode

Rs12° SM MF12 APC 0,35 0,7

8  Rmxx: reference connector MM xx number of fibres

b

Rsxx: reference connector SM xx number of fibres

5.6.3
5.6.3{1

Mechanical requirements for reference connectors

Requirements for MM LC and other MM single fibre reference connectors

The Key performance related requirements for multimiode LC and other single fibre reference
conngctors are given in Table 4.

Table 4 — Single fibre MM reference connector requirements

No. Parameter Value Unit
1 core diameter of the used fibre 50+ 0,5 Mim
2 numerical aperture of the used fibre 0,200 + 0,002
3 tolerance of the outer diameter of the 1,25 mm ferrule 1,248 510 1,249 5

tolerance of the outerdiameter of the 2,5 mm ferrule 2,499 0to 2,499 5
4 eccentricity of gentre of ferrule and centre of fibre <0,5 Hm

All rdquirements of Table 4 shall be met. The attenuation requirement in Table 3 is mlet by
design if the.parameters No. 1 to 4 are met.

5.6.3.2

Requirements for St Cand other singte fibre reference connectors

The single-mode LC and other single fibre reference connectors shall meet the requirements of
IEC 61755-2-4 for PC and IEC 61755-2-5 for APC.

The key performance related requirements for single-mode LC and other single fibre reference
connectors are given in Table 5.
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Table 5 - Single fibre single-mode reference connector requirements

- 23—

No. Parameter Value Unit

1 mode field diameter of the used fibre (1310 nm) 9,2+0,1 um

2 tolerance of the outer diameter of the 1,25 mm ferrule 1,248 510 1,249 5 mm

tolerance of the outer diameter of the 2,5 mm ferrule 2,499 0to 2,499 5 mm

3 eccentricity of centre of ferrule and centre of fibre <0,5 um
All reguirements of Table 5 shall be met. The attenuation requirement in Table 3 is met.b

desig

5.6.3

The f

the r¢ference connector and the DUT connector of link and channel to _be tested. To e

physi
shall

e |HC 61755-3-1 for MM PC reference connectors;
e |HC 61755-3-1 for SM PC reference connectors;

5.6.3

The K
conng

n if the parameters No. 1 to 3 are met.

3 End-face geometry for LC and other single fibre reference connéectors

unction of LC and other single fibre reference connectors is based onphysical cont

cal contact and the required performance, the end-face geometry of the polished f¢
be in accordance with the requirements of:

C 61755-3-2 for SM APC reference connectors.
4 Requirements for MM MPO and other multi-fibre connectors

ey performance related requirements for muttimode MPO and other multi-fibre refe
bctors are given in Table 6.

Table 6 — Multi-fibre MM,reference connector requirements

No. Parameter Value Unit
1 core diameter of the used fibre 50 £ 0,5 Mim
2 numerical aperture of the used fibre 0,200 + 0,002
3 true position of centre of fibre <2,0 Mm
All rdquirements—of Table 6 shall be met. The attenuation requirement in Table 3 is mlet by

desig

5.6.3

n if the.parameters No. 1 to 3 are met.

5 Requirements for SM MPO and other multi-fibre connectors

The key mechanical requirements for single-mode MPO and other multi-fibre reference

connectors are given in Table 7.

Table 7 — Multi-fibre single-mode reference connector requirements

No. Parameter Value Unit
1 mode field diameter of the used fibre (1 310 nm) 9,2+0,1 um
2 true position of fibre core <1,6 um

All requirements of Table 7 shall be met. The attenuation requirement in Table 3 is met by
design if the parameters No. 1 and 2 are met.
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5.6.3.6 End-face geometry requirements for MPO and other multi-fibre connectors

The end-face geometry of single-mode MPO reference connectors shall meet the requirements
of IEC 61755-3-31. The end-face geometry of the multimode MPO reference connectors shall

meet

5.6.4

the end-face geometry requirements as specified in IEC PAS 63267-3-31.

Reference adaptors at test interfaces

All reference adaptors used for testing are of single-mode quality and shall be equipped with
ceramic alignment sleeve that, when tested in accordance with IEC 61300-3-42 with SM APC
reference connectors, have an attenuation < 0,2 dB. Testing multimode reference connectors

in a reference-adaptorshallhave-anattenuation <01 dB-

MPO|and other multi-fibre reference adaptors shall have an attenuation in accordancg with

Tablg 3 tested with reference connectors

5.7 | Test cord characteristics

5.71 General

Each|test cord should have the following characteristics:

a) fdr multimode, contain an optical fibre of the same ndminal characteristics (i.e.|core
diameter, numerical aperture) as the optical fibre undek test. The optical fibre in the test
cords may be BIMMF or non-BIMMF, but the tolerances-of the core diameter and numegrical
aperture are tighter specified in order to minimize uanReertainty of the measured attendation
amnd provide the correct launch condition. See 5.6.8for details of the reference fibre a$ part
of the reference connector. Test cord attenuation verification shall be in accordance with
Ahnex A.

b) fgr single-mode, contain a fibre with a"selected mode field diameter of 9,2 + 0]1 ym
af1 310 nm as defined in IEC 61755-2-4 for single-mode PC and IEC 61755-2-5 for
single-mode APC. See 5.6.3 for details of the reference fibre as part of the refefence
connector;

c) be¢ labelled by having a unjque~identifier with each connector labelled as indicated in
Figure 3.

] (B]
[ ]
cord ID
[ ]
IEC
Figure 3 — An example of test cord labelling and identification
5.7.2 LSPM launch test cord

The launch test cord (LTC) shall be:

a) terminated at one end with one or more connectors suitable for attachment to the light
source;

b) terminated at the other end with one or more reference connectors and adaptors compatible
with the interface to the installed cabling;
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c) 2mto 5 minlength.

NOTE Use of test cords with reference grade connectors at both ends minimizes measurement uncertainty.
5.7.3 LSPM tail test cord

The tail test cord (TTC) shall be:

a) terminated at one end with one or more connectors suitable for attachment to the power
meter;

b) terminated at the other end with one or more reference connectors and adaptors compatible
with the interface to the installed cabling;

c) 2|mto 5 min length.

NOTE| Use of test cords with reference grade connectors at both ends minimizes measurement uncertainty.
5.7.4 LSPM substitution test cord

The substitution test cord (STC) shall be terminated at both ends with reference conngctors
complatible with the interfaces to the installed cabling.

The dqubstitution test cord shall be 2 m to 5 m in length.

5.7.5 OTDR launch test cord
The launch test cord shall be:

a) tgrminated at one end with one or more connectors suitable for attachment to the OTDR;

b) tgrminated at the other end with one or more feference connectors and adaptors compagtible
w|th the interface to the installed cabling;

c) of the same type, in terms of core diameter, numerical aperture, or mode field diamefer as
the optical fibre within the cabling under test. Reference grade connectors should be psed.

The length of the launch cord shall(be longer than the dead zone created by the pulse width
selected for a particular length ofifibre to be measured. Suppliers of OTDR equipment should
recommend lengths. In addition,-these lengths shall be long enough for a reliable straight line
fit of|the backscatter trace ‘that follows the attenuation dead zone with standard connector
reflegtance. Launch cords_shall not include any splice when shorter than 15 m. If therelis no
recommendation for launch test cord length, the minimum length should be 100 m for multimode
and 150 m for single=mode, or the minimum launch cord recommended length guidance o¢f the
OTDR manufacturer.

The QTDR launch test cord should provide the specified launch modal distribution (see 5.4/.1.3).
For the MM OTDR launch test cord, if the OTDR is not known to provide the specified launjched
modd| distribution, then the launch test cord shall contain a suitable mode-controlling devjce to
ensute that the Qpn(‘ifipd launched madal distribution is maintained

The length of optical fibres used to create OTDR launch test cords often requires that they be
protected within an enclosure (see Figure 4).

~2m ~2m
- -

Simplex reference

i | s —
== Protective closure connector

|

Bend and strain relief IEC

Figure 4 — OTDR launch test cord and tail test cord schematic
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5.7.6 OTDR tail test cord
The tail test cord shall be:

a) longer than the attenuation dead zone of the OTDR (see 3.1.3 and 7.3.5). If there is no
recommendation for tail test cord length, the minimum length should be 100 m for multimode
and 150 m for single-mode, or the minimum tail cord recommended length guidance of the
OTDR manufacturer. Tail cords shall not include any splice when shorter than 15 m;

b) long enough for a reliable straight-line fit to be made to the backscatter trace following the
dead zone (C3 to C4 in Figure 31), so that reliable attenuation measurements can be carried
out;

c) tgrminated at one end with one or more reference connectors compatible with the intgrface
tg the installed cabling;

d) of the same type, in terms of core diameter, numerical aperture, or mode field'diamefer as
the optical fibre within the cabling under test. Reference grade fibre should be)used.

For blest practice, reference connectors should be used on both ends.

The length of optical fibres used to create OTDR tail test cords often requires that th¢y be
proterted within an enclosure (see Figure 4).

5.8 | Visual inspection equipment

The ipspection equipment shall meet the requirements of IEC 61300-3-35.

All possible connectors in multimode and single<mode fibre configurations specifigd in
structured cabling standards shall be inspected:'for contamination with a low-reso|ution
micrgscope. Low resolution means that the microscope shall have a field of view of at|least
250 Ym. The fibre shall be a maximum 50 % ef\the image on the microscope in the verticall axis.

The dapability of the microscope for detécting 2 ym targets and the correct field of view can be
determined by use of, for example, a.chrome on glass artefact with 2 ym targets and a 290 ym
circlel. The user should contact the 'equipment supplier for such an artefact. Other artefacts that
determine the capability of the.microscopes to detect 2 ym defects and 3 ym scratches mpy be
used

Therg are different typesiof microscope available on the market. Direct viewing microsgopes
are in general lower-cast. The microscope shall contain a built-in laser safety filter to prevent
accidental eye damage. Do not use direct view microscopes on live fibre systems if there|is no
filter.|This is important during inspection of installed connector end faces where the remotg end
is nof under cotitrol of the inspector.

The Ipsenfilter is used to control the energy which is directed into the eye from active soprces
emitted.from the cabling. When direct viewing is used, it shall be ensured that no lager or
equipment with lasers is active on the cabling. Laser safety of optical fibre communication
systems shall be in accordance with IEC 60825-2.

Video microscopes contain a lens which transfers via a camera the magnified image on a
display. Video microscopes provide more laser safety than direct viewing microscopes.

All microscope systems show system-to-system variability and a 100 % match between
inspection results of multiple microscopes in accordance with IEC 61300-3-35 is not achievable
at this moment. This is even the case when microscopes of the same brand and type are
compared.
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Figure 5 — Normal illumination (left) and illumination with floodlight (right)

NOTE

Some microscopes are available with floodlight (side illumination); these are particularly h when
inspecting MPOs for dirt (see Figure 5).

For rectangular ferrules, the entire ferrule surface (6,4 mm x 2,5 mm) should

fixtures that retain the connector in a stable position, thereby allowing car

Do not use direct view microscopes on live fibre systems.
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L Channel |
EQP f HTU_D EQp
EC CP optional EC
r Link, permanent link ’i
EC CP optional | EG
B E2E link o
gaP ? +—+TU—¢ EQP
EC CP optional EC
L MPTL o
EC! CP optional
IEC
Figure 6 — Representative reference planes for channels,
links, permanent links, E2E links, MPTL
The Uncertainty of a test system established to measure the optical characteristics of a channel

or any link is defined at its reference plane.

The test configuration reference planes of a channel are within the equipment cords next to,
but excluding, the connections of the equipment cords into the test cords (see Figure 7). The
test configuration reference planes of a link or permanent link, E2E links and MPTL are within
the test cords next to, and including, the test cord connections which mate to the termination
points of the link under test (see Figure 7).
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NOTE|1 The,dotted area contains cable and can contain splices and additional connections.

NOTE |2 \Measuring the channel attenuation, one EC cord attenuation is not taken into account.

Figure 7 — Test reference planes

It is important to note the following:

a) optical fibre and connector hardware conditions at the interface between the test cords and
a permanent link or channel under test produce variations in measured results;

b) for short lengths with low attenuation, these variations can be significant in comparison with
the value being measured. This defines a minimum loss limit below which attenuation cannot
be measured accurately;

c) to reproduce a given measurement, the test conditions including the configuration of the
test cords used shall be reproduced. Changing the test set-up can produce different results.
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6.3 Wavelength of measurement

In order to comply with the requirements of ISO/IEC 11801-1 and equivalent standards and
unless otherwise agreed, the measurements of transmission performance (attenuation,
attenuation and return loss) detailed in Clause 6 and Clause 7 shall be carried out at the
following nominal wavelengths:

a) for MMF, 850 nm and 1 300 nm (see Table 1);

b) for SMF, 1 310 nm and 1 550 nm (see Table 2).

6.4 Direction of measurement

For permanent links comprising a single fixed cable and terminating connectors, uni-diréctional
testing may be performed. Where the permanent link is of more complex constructions. or where
there|is a risk that components within the cabling under test cause differences in the attendation
depending on the direction of transmission, bi-directional measurements shall bé’garried put.

NOTE| A complex construction is a link with any embedded splices or connectors.
6.5 | Protection of transmission and terminal equipment

Trangmission and terminal equipment shall be disconnected from_the“cabling under test blefore
any testing or inspection in accordance with this document is carried out.

6.6 | Use of test equipment

External effects such as temperature and humidity can/affect the test equipment and thereby
influgnce the measured results. Test equipment:shall be operated in accordance with the
manufacturer's specifications. Unless the manufacturer's specifications provide |other
information, test equipment shall be allowed to stabilize at the test environment for at|least
15 mijnutes prior to taking readings.

6.7 Relevance of measurement

Measurements shall either:

a) be¢ made under enviropmental conditions which are representative of the intgnded
operational environment; or

b) bé documented as being performed under non-representative conditions.

6.8 | Visual inspection for cleanliness and cleaning of cabling interfaces

The ihspectionfor cleanliness of any connector shall take place prior to any mating to another
conneéctor. Forcylindrical ferrules, at least an area of 250 ym diameter shall be inspected and
cleaned, Inspecting and cleaning beyond 250 ym area is recommended for cylindrical ferfules.

p should be inspectg¢
camav cah oWt Heee aoty—o S RSP e gtHpen R CIRTAS .VieW
and oblique illumination eases the detection of debris on the rectangular ferrules. The flowchart
in Figure 8 shows the procedure to be employed.
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single-mode ferrules, only the angled area needs to/be inspected. The small flat ar

amnd repeat the inspectioniprocess. Several attempts at cleaning can be required

IEC
Figure 8 — Fibre end face cleaning cycle

rm the following steps to ensure cleanliness of the cabling interfaces.

bcus the microscope so that a crisp image of the ferrule endface (for cylindrical fer
fibre end face (for rectangular ferrules) can be seen.

br MPO connectors, inspect the entire front surface of the ferrule for debris
esent, does not require inspection. Use of asvery large field of view microsco
commended. This microscope will show the entire surface area including bores and
nit for particles below 10 ym, no particles-arger than 25 ym are recommended.

br connectors with cylindrical ferrules such as LC and SC connectors, inspect the 25
pm and 10 ym are the recommended limit in the ring between 135 uym to 250 pm. N
r particles smaller than 5 ym and no particles larger than 10 ym are recommended.
the ferrule end face fails ingpection for debris, the user shall clean the ferrule end
nnex E, or follow the, supplier's instructions on cleaning methods for connectors
bnsceivers. Additional information can be found in IEC TR 62627-1. If the ferrule end

ets the requirements, the connectors may be mated. If they are contaminated, they
cleaned in acCordance with Annex E and re-inspected.

Testing of‘installed cabling
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ns. A maximum of 10 particles between 10¢um and 25 ym are the recommended limjt. No

0 um

diameter central zone of every fibre end*face for debris. A maximum of 10 particles between
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may beundertaken withreither LSPMorwitham OTDR:

6.9.2

ngthe attenuation or optical loss of installed cabling for conformance with this docJ

Attenuation of single fibre connector cabling - LSPM

6.9.2.1 General

LSPM is a common way of testing the installed cabling and obtaining numerical results.

Derived from IEC 61280-4-1 and IEC 61280-4-2, the following has been adapted specifically in
support of ISO/IEC 11801-1 for permanent link and channel attenuation measurements with an
LSPM.
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According to ISO/IEC 11801-1, a channel does not include the connector on the equipment
cords that interface with the network equipment. The optical attenuation limits specified for
network equipment take into account the attenuation associated with the connections of the
equipment to the installed cabling.

The testing of a channel utilizes the customer's equipment cords at both ends of the channel
and these cords are left in place after testing. The channel test method is normally used to
measure the attenuation of a channel at the time of service implementation or maintenance.

The channel and link test method requires a new reference for any change of connection at the
light source or the power meter between tests since the connection between source and
conngcted cord should never be disturbed after a reference measurement has been taken.

Always inspect and clean when necessary, the connector interfaces of the source,)the Igunch
test dord, the tail test cord and substitution test cord.

Allow sufficient time for light source stabilization in accordance with\ the light spurce
manufacturer's recommendations.

This |document does not specify which test is to be undertaken,”direction of test, ywhich
wavelengths are to be tested. The testing for a specific installation shall be defined in the quality
plan meeting requirements of ISO/IEC 14763-2.

6.9.2|2 Link and permanent link testing
6.9.2|12.1 General

The gne-test-cord reference method is applicable-for link and permanent link testing.
Link and permanent link testing is utilized {o qualify the installed cabling.
Links|and permanent links include a-mated connector at both ends of the cabling under test.

The griteria for a link and a permanent link are based on the use of reference grade test fords
at thg cabling under test interface.

The Jse of reference grade test cords during testing reduces the impact from the introdyction
of customer equipmént cords when creating a channel for an application. For qualification of a
channel to supportia specific application, channel testing is required.

The iptroduction of customer equipment cords to a link or permanent link to form a channgl can
change the attenuation value of the interface connectors by up to 0,75 dB per mated connector
pair.

6.9.2.2.2 Requirements for the test system
The test system shall meet the following requirements:
a) the launch and tail test cord termination shall be able to mate with the power meter interface

and the cabling under test;

b) test cords shall meet the requirements specified within this document and utilize reference
grade connectors at the cabling under test interface;

c) test equipment shall meet the requirements specified in Clause 5;

d) power meters shall have interchangeable connector receptacles to suit the connector of the
cabling under test.
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6.9.2.2.3 Test method

The test procedure is shown below.

a) Inspect and clean when necessary the connector interfaces of the source, the launch test
cord and the cabling under test as specified within this document.

b) Allow sufficient time for light source stabilization in accordance with the light source

m

anufacturer's recommendations.

c¢) Connect the launch test cord (LTC) to the light source (LS) and to the power meter (PM)

(s

e) S
fy C
T

ee Figure 9).

LTC

IEC

Figure 9 — Connection of LS to LTC to PM for reference setting

et the reference to 0,00 dB or record the refereiceé’measurement (P,) in dBm or watt

'C to the power meter (see Figure 10).
LS [] PM
LTC TTC

IEC

g) M
h)y T
C(
If

FiTure 10 — Connection of LTC to TTC to verify attenuation of reference connectg

easure and récord the attenuation of the LTC-TTC combination in dB.

ne maximum permitted attenuation shall be the value of one connection with two refe
nnectors (see Table 3).

theattenuation is more than the maximum permitted value, clean all end faces, in

s the
ower
vhere

S.

bnnect the LTC to the TTC using a reference adaptor and connect the other end of the

rs

fence

spect

th

en reconnect and re-test. Re-set the rererence IT necessary. Use alternative test CO

rds if

necessary. If the maximum permitted attenuation is not achievable, a standard's compliant
link measurement cannot be made.

i) Connect the LTC to the near end of the link. Connect the TTC to the far end of the link (see

Fi

gure 11).
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k) The optical attenuation calculation for a link or permanent link is the following;:

A=P,- P, (dB)

where P, and P, are expressed in dBm.

If|[P4 and P, are expressed in watts, then the measured aitgnuation can be calculat
fgllows:
A =-101g(P4/P,) ~(dB)
6.9.2{2.4 Measurement uncertainties

For this method, the measurement uncertainties at 95 % confidence level evaluated
IEC TR 61282-14, requirements of thiss<document and relevant data are as follows:

a)
b)
c)
d)
e)
)
g)

SMF 1 310 nm: 0,33 dB for fibre length < 2 km;

SMF 1 310 nm: 0,46 dB for fibre length from 2 km to 10 km;
SMF 1 550 nm: (ffs);

MMF 850 nm: 0,29 dB when measured attenuation < 1,9 dB;

MMF 850 nm: 0,14 x measured attenuation in dB, when measured attenuation > 1,9 d

MMF 1 300<pm: 0,35 dB when measured attenuation < 1,15 dB;

MMF 1. 386°nm: 0,29 x measured attenuation in dB, when measured attenuation > 1,1

NOTE| When the uncertainty is reported with the measurement result, the reporting is: M £ U, where M
measurement and U is the uncertainty.

2024

Ei 11— C ’ o Link link £ | ’ nt

Measure and record the power (P4) of the link under test in dBm or watts.

(1)

bd as

(2)

using

B;

5 dB.

is the

6.9.2.2.5 Treatment of results

The use of reference terminations on the test cords affects the calculation of limits of testing
for link or permanent link attenuation. The referencing procedure involves the interconnection
of reference terminations in accordance with 5.6. The measurement of the link includes
connection of the test cords to non-reference terminations, which for ISO/IEC 11801-1
compliant connecting hardware are specified in Table 3.

Using the one-test-cord reference method, the calculated limit of testing link attenuation is:

a) for MMF: (2 x Aggg) + X Aca + Y Acons
b) for SMF: (2 x Adgsg) + ¥ 4ca + X 4con-
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where

Arsg
Aca

AcoN

is reference to standard grade connection attenuation (dB);
is cable attenuation (dB);

is embedded connection attenuation (dB).

Note that where the performance of the interfaces to the cabling under test is not in accordance
with ISO/IEC 11801-1, information should be sought from the manufacturers of the interfaces
to determine the relevant information for Table 3.

Where-bi-directionattesting-hasbeenundertaken—the-opticalattenuvationtmitsshal-be-met in
both directions.
Wherge testing has been undertaken at more than one wavelength, the optical ;attenyation

requi

The {
plan

6.9.2
6.9.2

The H
E2E |

E2E |
conng
the e

The ¢
unde

The
meth

rements shall be met at all wavelengths.

reatment of results alternative to those listed in 6.9.2.2.5 shall be,detailed in the q
meeting requirements of ISO/IEC 14763-2.

3 E2E link testing
3.1 General

E2E link attenuation test method is applicable for E2E link attenuation testing only.
ink attenuation testing is utilized to qualify thé.installed cabling.

inks include additional mated connectors.at both ends of the channel. This can be a
pcted cable or a link or permanent link'with attached equipment cords. The connec
hd of the E2E link can also be terminated directly at the end of the cable.

test interface.

bd reduces the variation between the E2E link and channel attenuation.

uality

Hirect
tor at

riteria for an E2E link are based on the use of reference grade test cords at the cabling

ise of reference grade test cords during testing utilizing the E2E link attenuation test

The application requirements for attenuation specified within ISO/IEC 11801-1 are bas¢d on

chan
asses
necey

The §

sment. For qualification of a channel to support a specific application, channel test
Esary.

F2E/link attenuation measurements should have an appropriate margin for the max

nel attenuation requirements and as such, E2E link testing is not suitable for appligation

ng is

mum

attenuation for a given application as shown in ISO/IEC 11801-1:2017, Annex E.

6.9.2.3.2 Requirements for the test system

The test system shall meet the following requirements:

a) the launch and tail test cord termination shall be able to mate with the power meter interface
and the cabling under test;

b) test cords shall meet the requirements specified within this document and utilize reference
grade connectors at the cabling under test interface;

c) te

st equipment shall meet the requirements specified in Clause 5.

d) Power meters shall have interchangeable connector receptacles to suit the connector of the
cabling under test.
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3.3 Test method

The test procedure is shown below.

a) Inspect and clean when necessary the connector interfaces of the source, the launch test
cord and the cabling under test as specified within this document.

b) Allow sufficient time for light source stabilization in accordance with the light source
manufacturer's recommendations.

c) Connect the launch test cord (LTC) to the light source (LS) and to the power meter (PM)
(see Figure 12).

d) Afterreferencesetting—do not disconnect the launch test cord connector from-th

S(

e) Set the reference to 0,00 dB or record the reference measurement (P,) in dBm or watt

urce as the reference setting will then become invalid.

s [] T PM

LTC

IEC

Figure 12 — Connection of LS to LTC to PM-for reference setting

light

S.

f) Cpnnect the LTC to the TTC using a reference adaptor and connect the other end of the

g) M
hy T
C(
N

ar
at

TTC to the power meter (see Figure 13).

FiTure 13 — Connection of LTC to TTC to verify attenuation of reference connectg

Z
LS [] N PM

! }

LTC TTC

IEC

easure and record’the attenuation of the LTC-TTC combination in dB.

ne maximum-permitted attenuation shall be the value of one connection with two refe
nnectors{(see Table 3).

d re-test. Re-set the reference if necessary. Use alternative test cords if necessary. If the maximum pe
endation is not achievable, a standard's compliant E2E link measurement cannot be made.

rs

fence

DTE _Ifithe attenuation is more than the maximum permitted value, clean all end faces, inspect then recpnnect

mitted

i) Connect the launch test cord to the near end of the link by using a reference adaptor.
Connect the tail test cord to the far end of the link by using a reference adaptor (see

Fi

gure 14).
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The dotted box can contain splices, connectors, cords or other components.

Figure 14 — Connections to E2E link for attenuation measurement
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asure and record the power (P4) of the link under test in dBm or watts.

ne optical attenuation calculation for a E2E link is the following:
A4=P. - P, (dB)

here P, and P, are expressed in dBm.

Py and P, are expressed in watts, then the measured attenuation can be calculat
llows:

A=-101g(P,/P,) (dB)

3.4 Measurement uncertainties

his method, the measurement uncertaintieshat 95 % confidence level evaluated
R 61282-14, requirements of this document'and relevant data are as follows:

MF 1 310 nm: 0,33 dB for fibre length:s 2 km;

MF 1 310 nm: 0,46 dB for fibre length from 2 km to 10 km;

MF 1 550 nm: (ffs);

d) M
e) M
fy M
g) M

NOTE
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6.9.2
The

MF 850 nm: 0,29 dB whenmmeasured attenuation < 1,9 dB;
MF 850 nm: 0,14 x measured attenuation in dB, when measured attenuation > 1,9 d
MF 1 300 nm: 0,35.dB when measured attenuation < 1,15 dB;

MF 1 300 nm: 0529 x measured attenuation in dB, when measured attenuation > 1,1

When the unecertainty is reported with the measurement result, the reporting is: M £ U, where M
rement and<U4is the uncertainty.

3.5 Treatment of results

se\of reference terminations on the test cords affects the calculation of limits of tqg

(1)

bd as

(2)

using

B;

5 dB.

is the

sting

for E

E link attenuation. The referencing procedure involves the interconnection of reference

terminations in accordance with 5.6. The measurement of the link includes connection of the
test cords to non-reference terminations, which for ISO/IEC 11801-1 compliant connecting
hardware are specified in Table 3.

Using the E2E link attenuation test reference method, the calculated limit of testing link
attenuation is:

a) for MMF: (2 x Argg) + X Aca * 2 Acons
b) for SMF: (2 x Aggg) * X 4Aca + Y AcoN:


https://iecnorm.com/api/?name=ddfe57c5119d5281e3795e4ea09b7bf5

- 38 - ISO/IEC 14763-3:2024 © ISO/IEC 2024

where
Arsg is reference to standard grade connection attenuation (dB);

Acp  is cable attenuation (dB);
Acon s embedded connection attenuation (dB).
Where the performance of the interfaces to the cabling under test is not in accordance with

ISO/IEC 11801-1, information should be sought from the manufacturers of the interfaces to
determine the relevant information for Table 3.

e-met in

Wh bhi divrantianal toctina hoo haoon indartolean thao ~Antiagl o
erj oo et hoTaT e sty Tras oe T arutTtaReT e opacara

both directions.

Wherge testing has been undertaken at more than one wavelength, the optical attgnuation [imits
shall pe met at all wavelengths.

The tfeatment of results alternative to those listed in 6.9.2.3 shall be detailed in the quality plan
meeting requirements of ISO/IEC 14763-2.

6.9.2|4 Channel testing
6.9.2|4.1 General

The ghannel test method is applicable only for channel testing.

Chanjnel testing is utilized for application implementation to confirm the optical attenuation of
the channel is suitable to support the application

Chanpnel testing includes the customer equipment cords at both ends of the cabling under test.
Thesg customer equipment cords shall remain in place once testing has been completed,

6.9.2|4.2 Requirements for the fest system
The test system shall meet thefollowing requirements:
a) the connector on the power meter shall be the same as the cabling under test (for refefence

setting);

b) test cords shall meet the requirements specified within this document and utilize refefence
grtade connectors at the near end equipment cord interface;

c) test equipmeént shall meet the requirements specified in Clause 5;

d) power-meters shall have interchangeable connector receptacles to suit the connector ¢of the
cabling-under test.

6.9.2.4.3 Test method
The test procedure is shown below.

a) Inspect and clean when necessary all connector interfaces of the source and the launch test
cord.

b) Allow sufficient time for light source stabilization in accordance with recommendations from
the manufacturer of the light source.
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c)

Connect the launch test cord (LTC) to the light source (LS) at one end and to the equipment
(EQP) cord at the other end. Connect equipment cord to the power meter (PM) (see
Figure 15). Allow sufficient time for the light source stabilization in accordance with the light
source manufacturer's recommendations. Since this reference measurement is carried out
with a near end EQP cord, it is possible that the defect of near end EQP cord will not be
found. When this test method is used, the quality of the near end EQP cord shall comply
with the requirement (see Figure 15).

LS T r PM
S — —1
i
T I
Launch Near end i
test cord EQP cord i—»
|

Reference
measurement (2¢)

IEC

Figure 15 — Connection of LS to LTC to near end EQP cord to PM for reference setting

d) Rpcord the reference measurement P in dBm or watts.
e) The near end EQP cord is disconnected from the powef-meter and the LTC-EQP| cord
combination is reconnected to the fixed cable of the channel under test.
f) At the far end of the channel, connect the far end/EQP cord to the power meter| (see
Figure 16).
e Measured channel attenuation
H u
s [[] T B T * T 1] »
LTC Near end Far end
EQP cord EQP cord
optional [EC
Figure 16 — Connections to channel test for attenuation measurement
NOTE Measuring\the channel attenuation, one EQP cord attenuation is not taken into account.
g) The power £4-is measured directly at the far end EQP cord. The measurement, P4, shall be
rgcorded\indBm or watts.
h) The.optical attenuation for a channel is the following:

4=P.~P; (dB) (1)

where P, and P, are expressed in dBm.

If Py and P, are expressed in watts, then the measured attenuation can be calculated as
follows:

A=-101g(P,/P,) (dB) (2)

The channel testing is carried out in one direction only.
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6.9.2.4.4 Measurement uncertainties

For this method, the measurement uncertainties at 95 % confidence level evaluated using
IEC TR 61282-14, requirements of this document and relevant data are as follows:

a) SMF 1 310 nm: 0,16 dB for fibre length < 2 km;

b) SMF 1 310 nm: 0,35 dB for fibre length from 2 km to 10 km;

c) SMF 1 550 nm: (ffs);

d) MMF 850 nm: 0,17 dB when measured attenuation < 1,0 dB;

e) MMF 850 nm: 0,17 x measured attenuation in dB, when measured attenuation > 1,0 dB;

fy MMF 1 300 nm: 0,29 dB when measured attenuation < 0,2 dB;
g) MMF 1 300 nm: 0,29 x measured attenuation in dB, when measured attenuation'>,0,2 dB.

NOTE| When the uncertainty is reported with the measurement result, the reporting is: M £ U,_where M|is the
measurement and U is the uncertainty.

6.9.2{4.5 Treatment of results
The gptical attenuation of a channel is:
2|dca * 2 Acon

where
Acpa | is cable attenuation (dB);

Aconl is embedded connection attenuation (dB).

Wherle compliance with a specified value is required, the measured result shall be termed a
pass [result, a fail result or a marginal result.Where compliance for a specific applicatlon is
requifed, the optical attenuation of the channel shall equal or be less than that appligation
insertion loss value specified in ISO/IEC 4801-1:2017, Table E.4.

Exanlples of optical attenuation calculations are shown in Annex C.

6.9.2(4.6 Test result

For 4 given wavelength tand in a given direction, measured attenuation is calculated psing
Formula (1) or Formula(2).

For gxample, if the‘reference power level P, is -20 dBm (0,01 mW) and the measured power
level |P4 is —23~dBm (0,005 mW) then the attenuation is 3 dB.

In the case’ of bi-directional results using light source and power meter, the worst of the two
measjured results shall be considered as the overall measured result.

6.9.2.5 MPTL testing
6.9.2.5.1 General

The MPTL attenuation test method is applicable to MPTL attenuation testing only.
MPTL attenuation testing is utilized to qualify the installed cabling.
MPTL attenuation budget includes the two mated connectors at both ends of the link.

The criteria for an MPTL are based on the use of reference grade test cords at the cabling under
test interface and the use of a reference grade adaptor at the modular plug termination end.
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The use of reference grade test cords during testing utilizing the MPTL attenuation test method
reduces the variation between the MPTL, the E2E link and channel attenuation.

The application requirements for attenuation specified within ISO/IEC 11801-1 are based on
channel attenuation limits and as such, MPTL testing is not suitable for application assessment.
For qualification of a channel to support a specific application, channel testing is necessary.

6.9.2.5.2 Requirements for the test system

The test system shall meet the following requirements:

a) t . L . .
aId the cabling under test;

b) te
o]
c) te

6.9.2
The t

a) In
ol

b) A
m

c) C

d) A
S(

(gee Figure 17).

st cords shall meet the requirements specified within this document and utilize refe
ade connectors at the cabling under test interface;

st equipment shall meet the requirements specified in Clause 5.
5.3 Test method

est procedure is shown below:

rd, the cabling under test, and the tail test cord as specified within this document.

low sufficient time for light source stabilization jin“accordance with the light s
anufacturer's recommendations.

bnnect the launch test cord (LTC) to the light source (LS) and to the power meter

ter reference setting, do not disconnect’the launch test cord connector from the
urce as the reference setting will then*tecome invalid.

s [] T PM

LTC

IEC

Figure 17 — Connection of LS to LTC to PM for reference setting

bnnecithe LTC to the TTC using the reference adaptor and connect the other end
[Ctothe PM (see Figure 18).

et the reference to 0,00 dB or record the reference measurement (P,) in dBm or wat{s.

rface

ence

spect and clean when necessary the connector interfaces‘\of the source, the launch test

burce
(PM)

light

pf the

LS [] PM

} }

LTC TTC

IEC

Figure 18 — Connection of LTC to TTC to verify attenuation of reference connectors

g) M

easure and record the attenuation of the LTC-TTC combination in dB.

h) The maximum permitted attenuation shall be the value of one connection with two reference
connectors (see Table 3).
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NOTE |If the attenuation is more than the maximum permitted value, clean all end faces, inspect then reconnect
and re-test. Re-set the reference if necessary. Use alternative test cords if necessary. If the maximum permitted
attenuation is not achievable, a standard's compliant MPTL measurement cannot be made.

Connect the LTC to the near end of the MPTL. Connect the TTC and reference adaptor to
the far end of the MPTL (see Figure 19).

I MPTL I

g
B

Y

LS D

L1

— n
T | f

LTC Cabling TTC
under test

IEC

Figure 19 — Connections to MPTL for attenuation measurement
Measure and record the power (P4) of the MPTL under test in dBm_or'watts.

The optical attenuation calculation for a MPTL is the following:

A=P - Py (dB) (1)

where P, and P, are expressed in dBm.

If|P4 and P, are expressed in watts, then the meéasured attenuation can be calculated as
follows:

A =-10Jg(P,/P,) (dB) (2)

For this method, the measurement-uncertainties at 95 % confidence level evaluated psing

IEC TR 61282-14, requirements(af this document and relevant data are as follows:

a)
b)
c)
d)
e)
f)

9

SMF 1 310 nm: 0,33 dB for fibre length < 2 km;

SMF 1 310 nm: 0,46:dB for fibre length from 2 km to 10 km;
SMF 1 550 nm: (ffs);

MMF 850 nm=0,29 dB when measured attenuation < 1,9 dB;
MMF 850(nm: 0,14 x measured attenuation in dB, when measured attenuation > 1,9 dB;
MMEFE @ 300 nm: 0,35 dB when measured attenuation < 1,15 dB;

MMEA 300 nm: 0,29 x measured attenuation in dB, when measured attenuation > 1,16 dB.

NOTE When the uncertainty is reported with the measurement result, the reporting is: M £+ U, where M is the
measurement and U is the uncertainty.

6.9.2.5.5 Treatment of results

The use of reference terminations on the test cords affects the calculation of limits of testing
for MPTL attenuation. The referencing procedure involves the interconnection of reference
terminations in accordance with 5.6. The measurement of the MPTL includes connection of the
reference test cords to non-reference terminations, which for ISO/IEC 11801-1 compliant
connecting hardware are specified in Table 3.
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Using the one-test-cord reference method, the calculated limit of testing MPTL attenuation is:

a) for MMF: (2 x Argg) + X Aca * 2 Acons
b) for SMF: (2 x Aggg) * X 4Aca + Y AcoN:

where

ARsc
Aca

AcoN

is reference to standard grade connection attenuation (dB);
is cable attenuation (dB);

is embedded connection attenuation (dB).

Wher
1ISO/I
deter

Wher
shall

Wher
both

mea

The t
meet

6.9.3
6.9.3

Multi
that d
very

used

NOTE
systen

6.9.3

6.9.3

e the performance of the interfaces to the cabling under test is not in accordangcs
FC 11801-1, information should be sought from the manufacturers of the interfac
mine the relevant information.

e testing has been undertaken at more than one wavelength, the optical-attenuation
be met at all wavelengths.

e bi-directional testing has been undertaken, the optical attenuation limits shall be n
Hirections.

In thj case of bi-directional results using light source and power meter, the worst of th

ured results shall be considered as the overall measured result.

reatment of results alternative to those listed in®©2972.5 shall be detailed in the quality
ng requirements of ISO/IEC 14763-2.

Attenuation of multi-fibre connector’cabling — LSPM
1 General

fibre connectors have multiple-fibres contained in a single housing, usually rectan
ontain alignment devices, usually pins and mating holes, to ensure each fibre core 3
brecisely with its mating .cénnector. The multi-fibre push on connector (MPO) is a
connecting device.

With MPO cabling different adaptors, polarities and matings are possible. Documentation of the co

is useful.

2 MPO t0'MPO link or permanent link testing — One-test-cord reference me
LSPM

21 General

The ¢

with
es to

limits

het in

b two

plan

jular,
ligns
idely

mplete

hod

ne-test-cord reference method is acceptable for link and permanent links with MPO

when

the pin assignment of the fibre test cords used can be altered.

Annex F specifies cabling alternatives where the one-test-cord reference method is not

possi

ble.

Link and permanent link testing is utilized to qualify the installed cabling.

Link and permanent links include a mated connector at both ends of the cabling under test. Any
matings made in this test procedure shall involve the use of a pinned and a unpinned connector.

The criteria for a link or permanent link are based on the use of reference grade test cords at
the cabling under test interface. Test cords are defined in Table 6 and Table 7.
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The introduction of customer equipment cords to a link or permanent link to form a channel can
change the attenuation value of the interface connectors by up to 0,75 dB per connector.

6.9.3.2.2 Requirements for the test system

The test system shall meet the following requirements:

a) th
b) th
c) th

d) theimterface conmector of the power meter test Tord Shatt use a piim CONVersion test Tt

e) te

at
f) te
6.9.3
The t
a) In

te

b) A
c) C

d) A
rg

e) S

f)y C
U9

the manufacturer of the light source.

(dee Figure 20).

e interface connector of the launch test cord shall be a multi-fibre connector;
e connector of the power meter shall be a multi-fibre connector;

e light source launch test cord requires the use of a pin conversion test cord;

st cords shall meet the limits specified within this document and utilize low loss conns
the cabling under test interface; and

st equipment shall meet the requirements specified in Clause 5.
23 Test method
est procedure is shown below.

spect and clean when necessary the connector interfaces_of\the source and the I3
st cord.

low sufficient time for light source stabilization in accofdance with recommendationg

bnnect the launch test cord (LTC) to the light soupce (LS) and to the power meter

ter reference setting, do not disconnect the.LTC connector from the light source g
ference setting will then become invalid.

s [] T PM

LTC

IEC

Figure 20 — Connection of LS to LTC to PM for reference setting

et the reference to 0,00 dB or record the reference measurement (P,) in dBm or watt

bnnectsthe LTC to the TTC using an MPO adaptor (see Figure 21).This arrangem
sed forwerification of both low loss connections and not as a reference measuremen

rd;

ctors

S.

ent is
t.

LS J' LPM

P

LTC MPO TTC

IEC

Figure 21 — Connection of LTC to TTC for test-cord verification

g) Measure and record the attenuation of all cores of the LTC-TTC combination (where no pin
conversion is required on the test cords) or the PCTC-TTC (when the pin conversion is
required on the test cords) combination in dB.
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h) The maximum permitted attenuation for verification shall be the value of one connection
with two reference connectors (see Table 3) for the LTC-TTC or PCTC-TTC combination.

NOTE |If the attenuation is more than the maximum permitted value, clean all end faces, inspect then reconnect
and re-test. Re-set the reference if necessary. Use alternative test cords if necessary. If the maximum permitted
attenuation is not achievable, a standards compliant permanent link measurement cannot be made.

i) Remove the MPO adaptor, connect the LTC to the near end of the MPO link and connect
the TTC to the far end of the MPO link (see Figure 22). Where pin conversion is required on
the test cords, remove the MPO adaptor connected to the TTC, and convert by means of
the pin altering feature on the test cords, the TTC or LTC — whichever is required to form
connection to the MPO link under test.

| MPO link under test

g
-

A

LTC TTC
IEC

Figure 22 — Connections to link or permanentlink attenuation
j) Measure and record the power (P4) of all cores of the MPO link under test in dBm or watts.
k) The optical attenuation calculation for a core of thesMPO link is the following:
A =P, - R4 y(dB) (1)
where P, and P, are expressed in dBm.

If|P4 and P, are expressed in wattsthen the measured attenuation can be calculated as
follows:

A4=-10Ig(P4/P,) (dB) (2)

6.9.3(2.4 Measurement uncertainties

For this method, the (measurement uncertainties at 95 % confidence level evaluated psing
IEC TR 61282-14, requirements of this standard and relevant data are as follows:

a) SMF 1 310%m: 0,54 dB for fibre length < 2 km;
b) SMF 1 310°nm: 0,79 dB for fibre length from 2 km to 10 km;
c) SMF -850 nm: (ffs);

e) MMF 850 nm: 0,50 dB when measured attenuation from 2,0 dB to 3dB.
f) MMF 1 300 nm: (ffs);

NOTE When the uncertainty is reported with the measurement result, the reporting is: M £ U, where M is the
measurement and U is the uncertainty.

6.9.3.2.5 Treatment of results

The use of reference terminations on the test cords affects the calculation of limits of testing
for permanent link attenuation. The referencing procedure involves the interconnection of low
loss terminations in accordance with 5.6. The measurement of the link includes connection of
the test cords to non-reference terminations, which for ISO/IEC 11801-1 compliant connecting
hardware are specified in Table 3.
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Using the one-test-cord reference method, the calculated limit of testing link attenuation is:

a) fo

b) fo

where

ARsc
Aca

AcoN

is reference to standard grade connection attenuation (dB);
is cable attenuation (dB);

is embedded connection attenuation (dB).

Wher
(see

1) fo
2) fq

Wher
1ISO/I
deter

Wher
both

Wher
shall

The t
meet

6.9.3
6.9.3

The MPO EZ2E link test methodis applicable for E2E links with MPO connectors.

E2E |

E2E links include a:mated connector at both ends of the channel. This can be a direct conn

cableg
link ¢

The ¢

MPO PCTC is used, add an allowance for the connection with two reference conhd
Figure 24):

r MMF: MPO mated connectors 0,15 dB;
r SMF: MPO mated connectors 0,35 dB.

e the performance of the interfaces to the cabling under test is ngot in accordancs
FC 11801-1, information should be sought from the manufactdrers of the interfac
mine the relevant information for Table 3.

e bi-directional testing has been undertaken, the opticakattenuation limits shall be n
Hirections.

e testing has been undertaken at more than one-wavelength, the optical attenuation
be met at all wavelengths.

reatment of results alternative to those listed in 6.9.3.2 shall be detailed in the quality
ng requirements of ISO/IEC 14763-2.

3 MPO E2E link testing— enhanced-three-test-cord reference method LSPM

3.1 General

ink testing is utilized:to qualify the installed cabling.

or a (permanent) link with attached equipment cords. The connector at the end of thg
an also be terminated directly at the end of the cable.

riteria for an E2E link are based on the use of reference grade test cords at the

ctors

with
es to

net in

limits

plan

ected
2 E2E

cable

unde

tast intarface
t8StHHeHa -

The use of reference grade test cords during testing reduces the impact from the introduction
of customer equipment cords when creating a channel for an application.

The introduction of customer equipment cords to a (permanent) link to form a channel can
change the attenuation value of the interface connectors by up to 0,75 dB per connector.

6.9.3.3.2 Requirements for the test system

The test system shall meet the following requirements:

a) th
b) th

e interface connector of the light source test cord shall be a multi-fibre connector;

e interface connector of the power meter shall be a multi-fibre connector;
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c)
d)
e)

f)

the interface connector of the launch test cord shall be the opposite to that of the cabling
under test;

the interface connector of the power meter test cord shall be the opposite to that of the
cabling under test;

test cords shall meet the limits specified within this document and utilize reference grade
connectors at the cabling under test interface; and

test equipment shall meet the requirements specified in Clause 5.

6.9.3.3.3 Test method

The tpst procedure is shown below.

a)
b)

c)

d)

g)

Inspect and clean when necessary the connector interfaces of the source and the/lgunch
test cord.

Allow sufficient time for light source stabilization in accordance with recommendationg from
the manufacturer of the light source.

Cpnnect the launch test cord (LTC) to the light source (LS) and to the power meter|(PM)

(fee Figure 23).
PM
1

LTC

o [

L1

IEC

Figure 23 — Connection of LS to’LTC to PM for reference setting

Set the reference to 0,00 dB or recordithe reference measurement (P.) in dBm or wat{s.

Cpnnect the LTC to the TTC using-MPO adaptors (see Figure 24) using a substitution test
cord (STC) with reference connéctors each end to ensure the pin configuration is cofrect.
The STC shall be pinned the\same as the MPO link under test. This arrangement is|used
far verification of both reference grade connections and not as a reference measuremfent.

s [ (1] eu

S

LTC MPO PCTC MPO TTC IEC

Figure 24 — Connection of LTC to PCTC to TTC to verify
the attenuation of reference connectors

Measure and record the attenuation of all cores of the LTC-STC-TTC combination in dB.

The maximum permitted attenuation for verification shall be the value of two connections
each with two reference connectors (see Table 6 and Table 7) for the LTC-STC-TTC
combination.

If the attenuation is more than the maximum permitted value, clean all end faces, inspect
then reconnect and re-test. Re-set the reference if necessary. Use alternative test cords if
necessary. If the maximum permitted attenuation is not achievable, a standards compliant
permanent link measurement cannot be made.

Remove the MPO adaptors, connect the LTC to the near end of the MPO link and connect
the TTC to the far end of the MPO link (see Figure 25).
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| MPO E2E link under test -l
LS PM
LTC TTC
IEC
i) Ml;asure and record the power (P,) of all cores of the MPO EZ2E link under test.jn dBm or
whtts.
j) The optical attenuation calculation for a core of the MPO EZ2E link is the following:
A=P - Py (dB) (1)
where P, and P, are expressed in dBm.
If[P4 and P, are expressed in watts, then the measured atténuation can be calculated as
fallows:
A4 =-10Ig(P4/P,) (dB) (2)
6.9.3{3.4 Measurement uncertainties
For this method, the measurement uncertainties at 95 % confidence level evaluated using
IEC TR 61282-14, requirements of this document and relevant data are as follows:
a) SMF 1 310 nm: 0,54 dB for fibre length < 2 km;
b) SMF 1 310 nm: 0,79 dB for fibre{length from 2 km to 10 km;
c) SMF 1 550 nm: (ffs);

d) MMF 850 nm: 0,40 dB wheh measured attenuation < 2,0 dB;
e) MMF 850 nm: 0,50 dB:when measured attenuation is from 2,0 dB to 3 dB;
f) MMF 1 300 nm: (ffs).

NOTE

measurement and<U-is the uncertainty.

6.9.3

The use\of reference terminations on the test cords affects the calculation of limits of t4

When the uneertainty is reported with the measurement result, the reporting is: M £ U, where M

3.5 Treatment of results

is the

sting

for permanent link attenuation. The referencing procedure involves the interconnection of low
loss terminations in accordance with 5.6. The measurement of the link includes connection of
the test cords to non-reference terminations, which for ISO/IEC 11801-1 compliant connecting
hardware are specified in Table 3.

Using the enhanced-three-test-cord reference method, the calculated limit of testing link

atten

uation is:

a) for MMF: (2 x Aggg) *+ X Aca + Y Acons
b) for SMF: (2 x Adgsg) * ¥ 4ca + X 4con-
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where

Arsg is reference to standard grade connection attenuation (dB);

Acp  is cable attenuation (dB);

Acon s embedded connection attenuation (dB).

Where the performance of the interfaces to the cabling under test is not in accordance with
ISO/IEC 11801-1, information should be sought from the manufacturers of the interfaces to
determine the relevant information for Table 3.

Wh bhi divrantianal toctina hoo haoon indartolean thao ~Antiagl o
erj oo et hoTaT e sty Tras oe T arutTtaReT e opacara

both directions.

e-met in

Wherge testing has been undertaken at more than one wavelength, the optical attgnuation [imits

shall pe met at all wavelengths.

The tfeatment of results alternative to those listed in 6.9.3.3 shall be detailed in the quality plan

meeting requirements of ISO/IEC 14763-2.

6.9.3|4 MPO to single-fibre connector E2E link testing
6.9.3{4.1 General

The MPO EZ2E link test method is applicable for E2E links with multi-fibre connectors at one

interface end, and single-fibre connectors at the otherinterface end.

6.9.3|4.2 Requirements for the test system

For tgsting in accordance with multi light source E2E link testing, the use of a fanout MPO-SFC

is required. The test system shall meet thefollowing requirements:

a) the MPO gender shall match the MRO at the other end of the link;

b) the interface connector of the light source test cord shall be able to mate with the power

c)

mieter interface;

the interface connector of-the light source can use a pin conversion test cord;

d) the interface connectorof the power meter test cord shall be the same as the cabling yinder

e)

f)

6.9.3{43 Test method

test;

test cords and pinconversion test cords shall meet the limits specified within this docyment
and utilize low~loss connectors at the cabling under test interface;

test equipment shall meet the requirements specified in Clause 5.

The test procedure is shown below.

a)

b)

Inspect and clean when necessary the connector interfaces of the source and the launch
test cord.

Connect the single fibre connectors of the fanout test cord (FTC) to the cable link under
test, ensuring the MPO of the FTC is the same as the MPO of the cabling under test. Correct
polarity shall be implemented.

Allow sufficient time for light source stabilization in accordance with recommendations from
the manufacturer of the light source.

Connect the launch test cord (LTC) to the light source (LS) and to the power meter (PM)
(see Figure 26).
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LTC

o [

L1

IEC

Figure 26 — Connection of LS to LTC to PM for reference setting

2024

e) Set the reference to 0,00 dB or record the reference measurement (P,) in dBm or watts.

f)

Figy

g)

h)

C
is
P

low loss connections and not as a reference measurement.

M

1

N
ar
at

W

conversion is required on.the test cords) or the LTC-PCTC-TTC combination in dB.

bnnect the LTC to the TTC using MPO adaptors (see Figure 27) where no pin conve
required on the test cords, or connect the LTC to the PCTC and connect the \I€ {
CTC using MPO adaptors (see Figure 28). This arrangement is used for verification o

LS ] [ PM

Py

LTC MPO TTC

IEC

Figure 27 — Connection of LTC to TTC for test-cord verification

LS I:

:I PM

L1
]

f f f

LTC PCTC TTC EC

[easure and record the attenuation of all cores of the LTC-TTC combination (where 1

The maximum permitted attenuation for verification shall be the value of one conne
with two referenge connectors (see Table 3) for the LTC-TTC combination or sh
the value of two connections each with two reference connectors (see Table 3) fq
LTC-PCTECSTTC combination.

DTE If the attenuation is more than the maximum permitted value, clean all end faces, inspect then rec
d re-test—Re-set the reference if necessary. Use alternative test cords if necessary. If the maximum pe
enuation is not achievable, a standards compliant permanent link measurement cannot be made.

rsion
o the
both

re 28 — Connection of LTC to'PCTC to TTC for enhanced-three-test-cord verification

o pin

ction
all be
r the

pnnect
mitted

heré no pin conversion is required on the test cords, disconnect the TTC from the

MPO

adaptor to which the LTC is connected, and replace the TTC multi-fibre with the TTC
single-fibre, and connect the MPO adaptor to which the LTC is connected to the near end
of the MPO to single fibre link and connect the TTC single-fibre to the far end of the MPO
to single fibre link using a single reference adaptor (see Figure 29). Where pin conversion
is required on the test cords, disconnect the TTC from the MPO adaptor to which the PCTC
is connected, and replace the TTC multi-fibre with the TTC single-fibre, and connect the
MPO adaptor to which the PCTC is connected to the near end of the MPO to single fibre
link and connect the TTC single-fibre to the far end of the MPO to single fibre link using a

Si

ngle reference adaptor (see Figure 30).
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MPO to single fibre link

I
ANLIAN

MPO to single / TTC
fibre cabling single fibre used

under test repeatedly

I IEC

Figure 29 — MPO to single fibre link attenuation testing
where no pin conversion is required on launch.test cord

MPO to single fibre Jink

s []] Y
LTC MPO PCTC MPO/ \
MPO to single TTC
fibre cabling single fibre used
under test repeatedly

I IEC

Figure 30 — MPO to single fibre link attenuation testing
where pin conversion is required on LTC

i) Measure and record the power (P4) of all cores of the MPO to single fibre link under tpst in

d »} 44
T Ul WattsSy,

j) The optical attenuation calculation for a core of the MPO to single fibre link is the following:
A4=P =Py (dB) (1)

where P, and P, are expressed in dBm.

If P, and P, are expressed in watts, then the measured attenuation can be calculated as
follows:

A=-10Ig(P4/P,) (dB) (2)
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6.9.3.4.4 Measurement uncertainties

2024

For this method, the measurement uncertainties at 95 % confidence level evaluated using
IEC TR 61282-14, requirements of this document and relevant data are as follows:

a) SMF 1 310 nm: 0,54 dB for fibre length < 2 km;
b) SMF 1 310 nm: 0,79 dB for fibre length from 2 km to 10 km;
c) SMF 1 550 nm: (ffs);

d) M
e) M

MF 850 nm: 0,40 dB when measured attenuation < 2,0 dB;
MF 850 nm: 0,50 dB when measured attenuation is from 2,0 dB to 3dB;

f) M

NOTE
measy

6.9.3
The

MF 1 300 nm: (ffs).

When the uncertainty is reported with the measurement result, the reporting is: M £+ U, where M
rement and U is the uncertainty.

4.5 Treatment of results

se of reference terminations on the test cords affects the calculation of limits of tq

for permanent link attenuation. The referencing procedure involves the, interconnection ¢

loss 1
the tqg
hardy

Using
atten

a) fdg
b) fo
wher¢
4Arsc
Aca

Acon

Wher
(see

1) fg
2) fd
Wher

ISO/I
deter

erminations in accordance with 5.6. The measurement of thedihk includes connect
st cords to non-reference terminations, which for ISO/IEC A<1801-1 compliant conng
vare are specified in Table 3.

the enhanced-three-test-cord reference method;, the calculated limit of testing
Liation is:

r SMF: (2 X ARSG) + ZACA + ZACON'

b
b

is reference to standard grade ¢onnection attenuation (dB);

is cable attenuation (dB);

is embedded connectionattenuation (dB).

PCTC is used, add.an allowance for the reference connector to the reference conn
Figure 31):

r MMF: MPO, mated connectors 0,15 dB;
r SMF: MPO*mated connectors 0,35 dB.
e thesperformance of the interfaces to the cabling under test is not in accordancs

FC 14801-1, information should be sought from the manufacturers of the interfac
mine the relevant information for Table 3.

is the

sting
f low
on of
cting

link

ector

with
es to

Where bi-directional testing has been undertaken, the optical attenuation limits shall be met in
both directions.

Where testing has been undertaken at more than one wavelength, the optical attenuation limits

shall

be met at all wavelengths.

The treatment of results alternative to those listed in 6.9.3.4 shall be detailed in the quality plan

meeti

ng requirements of ISO/IEC 14763-2.
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6.9.4 Attenuation of link and channel by means of OTDR testing
6.9.4.1 General

The OTDR testing shall be capable of measuring optical attenuation, optical return loss, length
and propagation delay. Where bi-directional testing is undertaken, the OTDR should be capable
of reporting the attenuation result as the mean result of both directions. The correct setup of
the OTDR is essential to obtaining meaningful and reliable results.

An OTDR is capable of testing the complete link or permanent link, MPTL, E2E link or channel
as well as any included individual components and events.

6.9.4|2 Test equipment requirements

An O[TDR apparatus in accordance with 5.5 shall be capable of measuring and. reportinig the
requifed results. A launch test cord in accordance with 5.7 shall be longer than the dead|zone
of thg OTDR, with an interface connector that will mate with the cabling under.test. The Igunch
test dord shall be the same category as the cabling under test.

A tail|test cord in accordance with 5.7 shall be longer than the dead, zone of the OTDR, with an
interface connector that will mate with the cabling under test. Thetail test cord shall b the
same| category as the cabling under test.

The yse of adaptor cords attached to the launch or tail testcord at the interface to the cgbling
undef test will make the OTDR test result invalid for conformance.

6.9.4(3 Test method for link or permanent link, E2E link, MPTL
6.9.4/3.1 General

A Iau’anh test cord in accordance with 5.7.5 shall be connected between the OTDR and the
cablimg under test.

A tailltest cord in accordance with 5:7.6 shall be connected at the end of the cabling under test.

The QTDR output shall be selected for the wavelength as defined in 5.4.1.4 and the OTDR|shall
be cdnfigured using the fgllowing rules:

a) use the shortest pulse width possible (see 7.3.9);
b) use the averaging time no greater than 3 min per trace. However, as short averaging times
(ife. < 10 s)generally provide poor results, 30 s averaging time is recommended.

For albetter-understanding of the relations between OTDR parameters and OTDR capabilities,
see 1.3

Single-mode cabling under test shall be measured in both directions, unless the optical fibres
of the launch test cord and the tail test cord have the same scattering characteristics.

6.9.4.3.2 Measurement uncertainties

The measurement shall be over a section of the optical fibre away from the attenuation dead
zone of the OTDR (see 7.3.5) and shall not contain connecting hardware.

Assuming a minimum dynamic margin of 5 dB, the uncertainty at 95 % confidence level of the
attenuation is:

a) SMF 1 550 nm: 0,45 dB (measurement in both directions, otherwise 0,55 dB);
b) MMF: ffs.
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6.9.4.3.3 Treatment of results

Figure 31 shows the points at which the attenuation of the installed cabling shall be measured.

Permanent link under

test

1 TTC —

OTDR LTC

dB

o

L (m)
IEC

Key

LTC launch test cord

TTC tail test cord

C1, ¢2, C3, C4 cursors for linear regression definition
C5, g6 cursors at attenuation location

A attenuation of permanent link

L length of permanent link

Figure 31 — OTDR measurement of installed cabling (permanent link) -
linear\tegression measurement method

To obtain the total attenuation result for a (permanent) link, it is sufficient to carry put a
unidifectional measurement only when the optical fibres of the launch test cord and the tajl test
cord have the same scCattering characteristics, or, if not the case, it shall be measured in both
directions and the mean of the two results calculated.

When measuremeént in both directions is used, the result shall be calculated using Formufa (5)
in7.4.

Comparison of the measured attenuation in Figure 31 and the reference planes in Figure 7
shows that the aftenualion Timit defined for the permanent Tink within TSO/TEC T18071-1 or
equivalent standards shall be the sum of:

a) the specified maximum attenuation values for the attenuation (mated against reference) of
the two interface connections at the interfaces to the cabling under test;

b) embedded connections and splices within the cabling under test, if any;
c) cable(s) within the cabling under test (where the attenuation of a length of optical fibre cable
is calculated from its attenuation coefficient multiplied by its length).

Where compliance with a specified value is required, a pass result, a fail result or a marginal
result shall be indicated with reference to the measured result.
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6.9.4.4 Test method for channel

6.9.4.4.1 Test method

A launch test cord in accordance with 5.7.2 shall be connected between the OTDR and the
cabling under test.

A tail test cord in accordance with 5.7.3 shall be connected at the end of the cabling under test.

The OTDR output shall be selected for the wavelength as defined in 5.4.1.4 and the OTDR shall
be configured using the following rules:

a) tf‘]e shortest pulse width possible should be selected that is consistent with acquiring\a
a reasonable timescale that is sufficiently smooth (i.e. with sufficient signal-to<noisd ratio

in

having the dynamic margin greater than 5 dB) to allow effective analysis;

trace

time

ities,

inties
e too

b) the averaging time should not need to be any greater than 3 min per trace. However, as
smort averaging times (e.g. < 10 s) generally provide poor results, 30¥S averaging
should be considered.

For al better understanding of the relations between OTDR parameters_and OTDR capabi

see 1.3.

6.9.414.2 Measurement uncertainties

This [measurement configuration (Figure 32) does not{respect hypothesis for uncerta

calculation. Therefore, uncertainties cannot be calculated because the equipment cords a

short

6.9.4/4.3 Treatment of results

Figure 32 shows the two points at which the attenuation of the installed cabling shall be

measjured.
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’ Channel under test

OTDR il EC ECH _TTC
[} ]
| |
dB e L -
e T
| |
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I }
I |
| |
| |
| |
‘[\ (\ N
~ :
A i
C1 ~ !
|
Y
c2
L (m)
IEC
Key
LTC launch test cord
TTC tail test cord
EC equipment cord
C1, ¢2 cursors for two-point channel attenuation measurement
attenuation of channel
length of channel
Figure 32 — OTDR measurement of installed cabling (channel):
two-point-attenuation measurement method

Note [that:

a) itlis not possible tg carry out the more accurate linear regression attenuation measurgment
where two reflective events are in close proximity as there is unlikely to be sufficient length
of optical fibre.lin the equipment cords to obtain a linear fit to the locations around C{ and
Cp;

b) iffthe equipment cords are very short and the OTDR dead zone is long, then it might not be
possible to measure the channel attenuation.

The resutt—for chammet—attenuatiom s obtaimed—by Tarryingout—themeasurement—m both

directions and calculating the mean of the two results. This is not necessary where the optical
fibres of the cabling under test comprise a single length of fixed cabling with terminating
connectors and where the optical fibre of the launch test cord and the tail test cord have the
same scattering characteristics.

Where compliance with a specified value is required, the measured result shall be indicated as
a pass result, a fail result or a marginal result.
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6.9.5 Propagation delay
6.9.5.1 General
Propagation delay is utilized for time sensitive and real-time applications such as sound

reinforcement, process control, sensors, industrial automation and autonomous movement
control.

Propagation delay can be established by use of pulse echo or time of flight test equipment.

6.9.5.2 Test equipment requirements

Opticpl fibres shall be tested using equipment capable of measuring optical signal propagation
in thegl time domain such as optical time domain reflectometers and certain types of opfical power
sourde and optical power meter equipment.

6.9.5(3 Test method for propagation delay
6.9.5(3.1 General

Conngect the OTDR to the cabling under test via a launch cord. Set'the instrument to allow the
readipg of the distance between two cursors. Calculate the propagation delay from the Igngth
measurement provided by the OTDR using Formula (3):

T=LOFXn/c (3)

where
T is the propagation delay in seconds;
Lo |is the measured length in metres;

c is the speed of light in a vacuum (299 792 458 m/s);
n is the group refractive index-set on the instrument for the measurement.

6.9.5|3.2 Measurement ‘'uncertainty

Use guidance of the OTBR manufacturer for the measurement uncertainty.

6.9.5|4 Treatment of results

Propagation_delay is not a pass/fail criterion; however, it may be called up by the quality plan
in acgordance with ISO/IEC 14763-2 or by the network application.

Where_compliance with a specified value is required a pass result a fail result or a marginal
result should be indicated with reference to the measured result.

6.9.6 Length
6.9.6.1 General

The optical fibre length is required for the determination of pass/fail criteria including insertion
loss (attenuation) and what applications the link can support, and additionally propagation delay
if required.
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Determination of length can be made using one of the following methods:

a) time of flight (preferred);
b) pulse echo (preferred);
c) propagation delay;

d) cable sheath markings;

e) physical measurement.

6.9.6.2 Test equipment requirements

Any gne of the fotfowing may be USed 1o determine fength:

a) allight source power meter or other test equipment with time of flight or pulse [echo
lenctionaIity;

b) am OTDR;

c) a|measuring device (wheel, tape or other appropriate device) that is capable of meaduring
physical length.

6.9.6/3 Test method for length
6.9.6/3.1 General

For time of flight and pulse echo, ensure the instrument is set to the correct IOR and measure
length in accordance with the tester manufacturer's instructions.

For QTDR, use the set-up and measurement of length for link or permanent link, MPTL| E2E
link or channel (see Figure 35 and Figure 36).

Length can be determined from propagation“delay using Formula (4):

where
T is the propagationtdelay in seconds;
Log |is the optical fibre’length in metres;
c is the approximated speed of light in a vacuum (299 792 458 m/s);

n is the group refractive index of the optical fibre.

NOTE| Asw > 1,5 for all optical fibres, the formula can be approximated to Ly =7/5 m.

When Treporting the oplical fibre cable sheath Tength as the oplical fibre Tength, it is
recommended to add to the report that the measured value is the optical fibre cable sheath
length.

When calculating optical fibre cable sheath length based on cable markings, be aware of any
sheath marking of 0 m that is present, and take this into account when calculating the cable
sheath length.

Physical measurement shall follow the measurement instrument manufacturer's instructions.

6.9.6.3.2 Measurement uncertainties

The optically measured length of an optical fibre can differ from the physical length of the cable.
Within a given length of cable containing multiple optical fibres, each individual optical fibre can
have a different length.
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The measured length of the transmission path contained within the cabling under test is the
accepted length of the optical fibre (assuming that the correct effective group IOR has been
used) rather than the physical length of the cable.

The optical fibre length will always be equal to or greater than that of the cable itself. The
difference between the two lengths is dependent upon cable construction. The cable
manufacturer should be consulted if specific information is required.

6.9.6.4 Treatment of results

Length is not a pass/fail criterion; however, it may be called up by the quality plan in accordance
with ISO/TEC 14763-2 or by the network applicafion.

Wherle compliance with a specified value is required, a pass result or fail result’shall be
indicated with respect to the measured result.

The propagation velocity or the group refractive index, provided by the manufacturer ¢f the
optical fibre cabling under test, is required by the test equipment in order'to calculate optical
fibre [length. If another value is used because no value was indicated by the manufagturer
(i.e. the verification of unknown cabling), the impact of any erfers introduced should be
recodgnized and agreed between the installer and the user. For default group refractive jndex
values, see Table 8.

6.9.7 Optical fibre continuity

Contruity of an optical fibre between two interfaces{can be verified using LSPM equipment or
with an OTDR if a tail test cord is used. Continuity:of an optical fibre can also be verified using
a visiple light source.

6.9.8 Cabling polarity

The desired polarity of the cabling system can be verified using LSPM equipment, or with an
OTDR if a tail test cord is used. The(polarity of the cabling system can also be verified uging a
visible light source.

6.9.9 Optical fibre core size

The inspection of the optical fibre end faces under conditions of front illumination (see Clause 5)
allowk the optical fibfe-core size to be determined by consideration of the relative diametgers of
the core and cladding.

7 Rerformance assessment of installed cabling components using OTDR

7.1 General

Performance assessment of installed cabling components is based on the attenuation
measurement of each individual component such as the test interface, the splices or the
connections and the fibre itself. This is based on an extensive use of an OTDR. It is important
to have a full understanding of the OTDR basis, described in 7.2.

Measurement uncertainty values provided after are based on the used measurement methods
and commonly observed uncertainty values.

7.2 OTDR basis

The OTDR operates by injecting a short pulse of light into one end of the fibre optic system
under test and monitoring as a function of time delay the returning signal coming back out of
the same end of the optical fibre.
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This returning signal comes from two sources:

2024

a) scattered light from within the optical fibre itself. This is due to Rayleigh scattering caused
by minute variations in the molecular structure of the silica causing some of the light pulse's
energy to be scattered in all directions. A very small proportion of this is scattered back in

th

e direction it came from — this is known as "backscatter";

b) reflections from interfaces and changes in refractive index at discrete points along the length
of the system. These are known as Fresnel reflections.

The graph of returning signal power as a function of time delay is the raw data that the OTDR
works with. Usually, this raw data is processed by the OTDR such that the returning signal

powerts—plottedoratogarithmic—scate—togivetoss—indecibelsonthe—vrerticat-scale:

horizpntal scale, the time delay for the round trip is converted into a one-way distance

the system, by providing the OTDR with a figure for the group index (effective refractive i

of thg optical fibre under test.

This fesultant graph of loss on the vertical scale against distance on the,horizontal sc

knowh as a backscatter trace. Analysis of this backscatter trace can yield  much inform

about the cabling under test including:

1) tdtal attenuation of the link or channel under test;

2) length (and propagation delay) of the link or channel under-test;

3) aftenuation coefficient of the optical fibre in the cabling énder test;

4) aftenuation of connections (splices and connector pairs);

5) rdturn loss (reflectance) of reflective features such as connector pairs and mecha
splices;

6) distance information between features on the\trace.

Howgver, successful and comprehensive characterization of the cabling under test is depe

uponfa number of factors, including:

) tqﬁ optical performance of the OTDR being used, dynamic margin, pulse width, aver
[

i
o th

e, dead zone, group index,imeasurement range and distance sampling (see 7.3);

e correct set up of the OTDPR's measurement parameters;

e the correct measurement configuration including appropriate length launch cords an

C¢

rds;

o
7.3

7.3.1

. r?Jeasurement good practices — cleanliness of connectors, etc.;

e use of bi-directional measurement (see 7.4).
Fundamental parameters that define the operational capability of an OTDR

Dynamic range

n the
Blong
ndex)

ble is
ation

nical

hdent

hging

d tail

The capability of an OTDR to measure a large amount of attenuation, the dynamic range is the
difference between the maximum backscatter level near 0 m and the noise floor. The dynamic
range increases when the laser pulse width increases, and when the noise level decreases by
averaging.

See |

EC 61746-1 for a formal definition of dynamic range.
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7.3.2 Dynamic margin

The difference between the minimum backscattered level at the end of the fibre and the noise
floor. The dynamic margin varies the same way as the dynamic range. The estimation of the
dynamic margin can be used to determine the noise amplitude on the backscatter signal which
defines a large part of the measurement uncertainty. When the dynamic margin is low, the noise
on the backscattered signal become asymmetrical, leading to an underestimation of the
backscattered signal. To limit this underestimation to 0,1 dB, it is recommended to keep the

dyna

mic margin higher than 5 dB.

7.3.3 Pulse width

The pulse width and laser peak power define the energy level launched into the optical

This

Hetermines the amount of scattering signal returning. As pulse width increasess, dyr

rangg increases; however, dead zones increase.

7.3.4 Averaging time

The gveraging time defines the duration to sum and average a large number of data sam

Best

signal characterization is preferable yet takes the longest averaging time. The gre

benefit to averaging time occurs during the first 30 s of averaging..Génerally, a dynamic

incre

hse of 0,75 dB occurs when doubling the number of averages:

7.3.5 Dead zone

Therg are several orders of magnitude difference between the very small signal level rec

from
from

he backscattered light within the optical fibre afd the relatively large signal level rec
Fresnel reflections at reflective interfaces at\connectors. It takes a finite time fd

detedtor in the OTDR to recover from the Fresnel reflection such that it can measur
backgcattered light levels again. During this_time, it is not possible for the OTDR to me
any Mariation in the backscattered signal level (such as splice losses for example) and s
section of optical fibre following a reflection is referred to as the "dead zone".

The |

bngth of this dead zone will depend upon the response time of the detector, the magn

of the Fresnel reflection and its duration, which is determined by the pulse width.

dist

tolerg
madsd.

For anOSt applications the most significant dead zone is the attenuation dead zone. This
a

ce after a reflective 'event at which the backscatter level has returned to be withina c

7.3.6 Group‘index

The
locat

jlonand attenuation coefficient calculation.

fibre.
amic

ples.
atest
ange

eived
pived
r the
e the
asure
o the

itude

s the
brtain

nce (AF) of a linear fit to the backscatter trace and attenuation measurements can be

fault

Tgoup index is used to set up the scale factor of the horizontal scale. This allows

On a general basis, the index of refraction is not known, while the length of the optical fibre is
known. In this case, the real index of refraction can be determined.

When the index of refraction is known, it shall be used; otherwise, use the values of Table 8.
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Table 8 — Default group index values

Centre wavelength
Type of fibre
850 nm 1300 nm 1310 nm 1550 nm
OoM1 1,496 1,491
OM2, OM3, OM4, OM5 1,484 1,479
OS1a, 0S2 1,467 1,468

2024

e types other than type of Table 8 are being used and if accurate length measurements

arereg

7.3.7

quired, the fibre manufacturer should be consulted for appropriate refractive index fig

Measurement range

The measurement range or measurement span is the distance that is covered by the (

time
to be
conn
of thd

7.3.8

The
horiz
data

Wher
that g
pulsg
range

7.3.9

Somd
parar

OTDH
trace

7.4

For ¢
ends

pase. The measurement range shall be set to be greater than the length of the optica

pctors, it can be desirable to set the measurement range to be greater than twice the |
system under test in order to reduce ghosting effects.

Distance sampling
jistance sampling (or sampling resolution) is the, distance between two points d

boints is a constant).

adjustable, the sampling resolution should"be set to a small enough interval to e
Il features of the link are well resolved./M~any case, it should be ten times lower thg
width. Note that the size of the data file'generated will be proportional to the measure
divided by the sampling resolution;

Event threshold

times OTDR traces arecunusable due to a high noise level as a result of inc
neter selection.

R manufacturers(typically set the event threshold to 0,1 dB. Lower values can inc
clutter. Higherlvalues can miss identifying valid events.

Bi-directional measurement

Abling, containing splices or additional connectors, OTDR testing is carried out from
of\theé cabling under test. This allows any inaccuracy in the measurement of comp

atten

gatian A ta variatiana i tha Antinal fFilhes honlboanattarinas Ahaoraontaricotins tA ha Ao

ures.

DTDR
fibre

tested. Note that on some OTDRs, when testing systems with* strongly reflgctive

ength

f the

bntal scale. This distance can be coupled to the,measurement range (i.e. the number of

nsure
n the
ment

brrect

fease

both
bnent

oo OO CTO varat oo 1T o optCarTToTC oot RKoTattTTrmyg— oraraCtCTotu o to—oT uullue”ed

out by averaging the component attenuation measurements taken from both ends of the system.

In order to accurately measure the first and last connection for bi-directional averaging, one
should keep the launch and tail cords in their initial measurement positions. Thus, the launch
cord of the first direction becomes the tail cord of the opposite direction. This will ensure that
identical optical fibres are mated so that the effects of mode field mismatch between the test

cords

and cabling can be averaged out.
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An individual attenuation is defined as the half sum of the attenuation recorded from each end:

Aoe + 4eo
2

A= (dB)

(5)

where 4, is the attenuation measured in the direction from the origin to the extremity and 4,
is the attenuation measured in the direction from the extremity to the origin.

7.5
7.5.1
7.5.1

In orq
with §

Attenuation of optical fibre cable
Test method
1 General

ler to test a channel or permanent link (see Clause 5), a launch test cord in accord
b.7.5 shall be connected between the OTDR and the cabling under test.

In ordler to test an unterminated optical fibre, a launch test cord in‘atcordance with 5.7.

witho|
unde

The ¢
be ca

ut a test interface connector shall be connected between the OTDR and the optical
test by means of a splice or a connector.

DTDR output shall be selected for the wavelength as.defined in 5.4.1.4 and the OTDR
nfigured using the following rules:

a) the shortest pulse width possible should be sglected that is consistent with acquiring a

in

h

a reasonable timescale that is sufficiently-smooth (e.g. with sufficient signal-to-noise
ving the dynamic margin greater than §dB) to allow effective analysis;

ance

5 but
fibre

shall

trace
ratio

b) the averaging time should not need tg*be any greater than 3 min per trace. However, as
short averaging times (i.e. < 10 s) geneérally provide poor results, 30 s averaging time s

b

For a
see 7

This
in ac

The ¢

7.5.1

considered.

better understanding of the relations between OTDR parameters and OTDR capabi
3.

method may also_be\used to assess the uniformity of attenuation of cabled optical
cordance with IEC_60793-2-10 (MMF) and IEC 60793-2-50 (SMF).

abling under-test shall be measured in one direction.

2 Measurement uncertainties

nould

ities,

ibres

The 1

heasurement shall be over a section of the optical fibre away from the attenuation

dead

zone

of the OTDR (see 7.3.5) and shall not contain connecting hardware.

The attenuation coefficient is calculated by the OTDR by dividing the difference of
backscattering power between any two points (the loss) by the distance between the two points.
For short values of distance, the calculation can produce huge uncertainties of the attenuation

coeffi

cient, even if the uncertainties of the loss are small.

Assuming a minimum dynamic margin of 5 dB, the uncertainty at 95 % confidence level of the
attenuation is:

e SMF 1550 nm: 0,55 dB;

e M

MF: ffs.
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Divide previous values by the length of the fibre to get the uncertainty of the attenuation
coefficient.

7.5.2 Treatment of results

Figure 33 shows the points at which the attenuation of the optical fibre within the cabling under
test shall be measured.

The result may be provided as a simple loss value (in dB) or as an attenuation coefficient
(in dB/km).

Whergcompttance witha specified vatue s Tequired, a pass or faif resuft shoutdbe mditated
with nespect to the measured result.
Lo Fibre length under test |
p— LTC h 1 e 4
1
dB L -
i
1
1
!
¥
I
1
1
|
|
c2i
1
1
L (m)
IEC
Key
LTC launch test cord
TTC tail test cord
C4,\€2 cursors for linear regression definition
A attenuation of optical fibre
L length of optical fibre

Figure 33 — OTDR measurement of optical fibre attenuation

7.6 Attenuation of local and remote test interfaces
7.6.1 Test method

A launch test cord in accordance with 5.7.5 shall be connected between the OTDR and the
cabling under test. A tail test cord in accordance with 5.7.6 shall be connected to the remote
end of the cabling under test.
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The OTDR output shall be selected for the wavelength as defined in 5.4.1.4 and the OTDR shall
be configured using the following rules:

a) the shortest pulse width possible should be selected that is consistent with acquiring a trace
in a reasonable timescale that is sufficiently smooth (e.g. with sufficient signal-to-noise ratio
having the dynamic margin greater than 5 dB) to allow effective analysis;

b) the averaging time should not need to be any greater than 3 min per trace. However, as
short averaging times (i.e. < 10 s) generally provide poor results, 30 s averaging time should
be considered.

For a better understanding of the relations between OTDR parameters and OTDR capabilities,

ents.

see 73~

The gabling under test shall be measured in both directions.

NOTE| The pass/fail criteria for an interface connector and associated splice will be the sum of b6th compon
7.6.2 Test system measurement uncertainties

Assuming bi-directional measurement and a minimum dynamic margin of 10 dB, and QTDR

linea
confi

a) S
b) M

7.6.3

Figur
shall
Claus
canb
link W

regression of 100 m and 1 m between points (100 points){the uncertainty at
fence level is:

MF: ffs;

MF: ffs.

Treatment of results

be measured. The installed cabling can<be either a channel or a permanent link
e 5). However, where the channel contains short equipment cords at one or more er
e impossible to make a measurement'since the connections of the cords to the perm
ill be disguised within the end interface reflections.

95 %

e 34 shows the points at which the attenuationh of the interfaces to the cabling undelr test

(see
ds, it
anent
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| |
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o c3 y i
N i
b A c4 |
C5 !
L 2
|
L (m)
IEC
Key
LTC launch test cord
TTC tail test cord
C1, C2,C3,C4 cursors for linear regression definition
C5 cursor at attenuation locatien
A attenuation of measured connection

Figure 34 — OTDR measurement of connection attenuation

ttenuation of the local interface is‘shown as the interface loss (dB). To eliminate e
ference of optical fibre backscattering characteristics, the result shall be the mean

measurements in each direction (see’also 7.4).

Wher
resul

7.7
7.7.1

In orq
with 4

e compliance with a spegified value is required, a pass result, a fail result or a ma
should be indicated with respect to the measured result.

Attenuation of connecting hardware
Test method

er to.fest'a channel or permanent link (see Clause 5), a launch test cord in accorg
b.7,5 shall be connected between the OTDR and the cabling under test.

ffects
pf the

rginal

ance

In order to test connecting hardware within an unterminated optical fibre, a launch test cord in
accordance with 5.7.5 but without a test interface connector shall be connected between the
OTDR and the optical fibre under test.

The OTDR output shall be selected for the wavelength as defined in 5.4.1.4 and the OTDR shall
be configured using the following rules:

a) the shortest pulse width possible should be selected that is consistent with acquiring a trace
in a reasonable timescale that is sufficiently smooth (e.g. with sufficient signal-to-noise ratio
having the dynamic margin greater than 5 dB) to allow effective analysis;

b) the averaging time should not need to be any greater than 3 min per trace. However, as
short averaging times (i.e. < 10 s) generally provide poor results, 30 s averaging time should
be considered.
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For a better understanding of the relations between OTDR parameters and OTDR capabilities,
see 7.3.

The cabling under test shall be measured in both directions.

7.7.2 Test system measurement uncertainties

Assuming bi-directional measurement and a minimum dynamic margin of 10 dB, and OTDR
linear regression of 100 m and 1 m between points (100 points), the uncertainty at 95 %
confidence level is:

a) SW
b) MMF: ffs.

7.7.3 Treatment of results

Figure 35 shows the points at which the attenuation of connecting hardwareor splices Within
the cabling under test shall be measured.

A joint, particularly a fusion splice, should not contain an air-gap so reflective peaks are not
normally seen. Instead, the optical power received simply displays‘a."drop" or "step" at the joint
position.

Wherle compliance with a specified value is required, a pass result, a fail result or a mafginal
resul{ should be indicated with respect to the measured-result.

LTC Splice under test TTC
OTDR VA { 1

L (m)
IEC

Key

LTC launch test cord

TTC tail test cord

C1, C2,C3, C4 cursors for linear regression definition

C5 cursor at attenuation location

A attenuation of non-reflective event under test

Figure 35 — OTDR measurement of joint attenuation
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Return loss of connecting hardware

General

2024

The return loss of a passive component is the ratio of the power reflected back by that
component to the power input to that component. On the OTDR trace, this is related to the
height of the peak (Hg on Figure 36) that represents the amount of light reflected back from that

component, but it is also a function of the backscatter coefficient of the fibre under test and the

pulse

width used for the measurement.

IEC 61300-3-6 covers measuring the related parameter of return loss of passive components.

NOTE

The optical return loss of a link or channel is the ratio of the power input to the cabling under testto/th

of the power reflected and scattered back by the cabling under test.

7.8.2

Test method

A Iauanch test cord in accordance with 5.7.5 shall be connected between’the OTDR an

cabli

If the

g under test.

return loss of the remote connection in the cabling under testds to be measured, t

tail tgst cord in accordance with 5.7.6 shall be connected to the remote end of the cabling

test.

In ord

er to test embedded connecting hardware within an unterminated optical fibre, a |3

test g¢ord in accordance with 5.7.5 but without a test{interface connector shall be conn

betwg

The @

en the OTDR and the optical fibre under test,

TDR output shall be selected for the wavglength as defined in 5.4.1.4 and the OTDR

be cdnfigured using the following rules:

a) the shortest pulse width possible should be selected that is consistent with acquiring a

in
ha

a reasonable timescale that is sufficiently smooth (e.g. with sufficient signal-to-noisg
ving the dynamic margin greater than 5 dB) to allow effective analysis;

e sum

d the

hen a
inder

unch
ected

shall

trace
ratio

b) the averaging time should.not need to be any greater than 3 min per trace. Howeveér, as

y

ort averaging times (i.e7<°10 s) generally provide poor results, 30 s averaging time s
considered;

c) the detector in some’OTDRs saturates at large values of H (as shown in H in Figure

nhould

36);

d) this type of signal/saturation can be avoided by adding a variable attenuator betwegn the

For a
see 7

O[TDR and the-cabling component under test.

betterunderstanding of the relations between OTDR parameters and OTDR capabi

3.

lities,
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7.8.3 Test system measurement uncertainties

Fibre|related uncertainties have a direct impact on the return loss uncertainties. Assum
minimum dynamic margin of 3 dB, the uncertainty at 95 % confidence level is:

a) SMF: 2 dB;
b) MMF: 2 dB.

7.8.4 Treatment of results

The return loss of a cabling component under test is calculated from the height of the reflq
peak|(Hp or Hg in Figure\36) as follows:

Cabling under test

A
y

OTDR ] LTC *

B A
04 A
= A L
RGNy
-5 Y
dB
-10 4
15
I I I I T T
0 100 200 300 400 500 600

Figure 36 — OTDR measurement of return loss

s
RL=-10lg |10 /5 -1|-10lgd +k (dB)

n)

EC

ing a

ction

(6)

with H > 5 dB
RL~-2H -10lgd +k (dB)
where:
H is the height of peak (H, or Hg) (dB);
d is the pulse width (ns);
k is the backscatter coefficient of the optical fibre (dB).

(7)
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Typical values of backscattering coefficient for MMF and SMF are included in Table 9.

NOTE
uncert

NOTE
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Table 9 — Default backscattering coefficient values

Centre wavelength
Type of fibre 850 nm 1300 nm 1310 nm 1550 nm
dB/ns dB/ns dB/ns dB/ns
OoM1 66 72 -
OM2...0M5 67 74 - -
o54e-0S2 86 82

1 Most OTDRs automatically measure RL using instrument default settings. In this case, the measu
hinty remains as defined in 7.8.3.

2 The greater the height of the reflection peak H, the worse the return loss result is«

3 OTDRs often report reflectance, r, rather than return loss, RL; the relationship is » (dB) = -RL (dB)

e compliance with a specified value is required, a pass resulfya fail result or a ma
should be indicated with respect to the measured result.

Optical fibre length
Test method

ler to test a channel or permanent link (see €lause 5), a launch test cord in accorg
b.7.5 shall be connected between the OTDR.and the cabling under test.

er to test connecting hardware within, an unterminated optical fibre, a launch test c
dance with 5.7.5 but without a test’interface connector shall be connected betwee
R and the optical fibre under test:

DTDR output shall be selectedfor the wavelength as defined in 5.4.1.4 and the OTDR
nfigured using the following rules:

e shortest pulse width possible should be selected that is consistent with acquiring a

in
h

a reasonable timésecale that is sufficiently smooth (e.g. with sufficient signal-to-noise
ving the dynamic margin greater than 5 dB) to allow effective analysis;

ement

rginal

ance

brd in
n the

shall

trace
ratio

b) the averaging:time should not need to be any greater than 3 min per trace. Howeveér, as
short averaging times (i.e. < 10 s) generally provide poor results, 30 s averaging time s
be considered.

For a| better understanding of the relations between OTDR parameters and OTDR capabi

see

nould

ities,

3

TOT
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Launch test

Figur
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Figure 37 — Determination of length usingan OTDR

e 37 shows the points at which the length of the transmission path contained withi
led cabling shall be measured (SMF possibly{does not produce a remote intg
tion). The installed cabling can be either a channel or a permanent link (see Clause

A brejak in a multimode fibre permanent link would also be characterized by the presence

refled

tion peak. However, unlike multimode(fibre and as shown in Figure 38, a break

singlg-mode fibre is not always characterized by a reflection peak.

Launch test

n the
rface
5).

Df the
in a

cord Cabling under test Tail test cord

OTDR 1
| |
0 : :
} 1
i i
1] 1
I 1
| i
-5 i

I
i i
} 1
dB i i
} 1
10 i i
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Figure 38 — OTDR characterization of a SMF permanent link containing a break

An installation error (e.g. an installed cable bend radius less than that specified in the relevant
product standard or manufacturer's or supplier's information) causes a macrobend in the optical
fibre in the cable. This macrobend introduces an attenuation of the transmitted light in the
optical fibre and can show as a step change in attenuation on the OTDR trace (see Figure 39).
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NOTE An attenuation difference between 1 310 nm and 1 550 nm greater than 0,5 dB can be an indication of

macrobends.
Launch test Tail test
cord Cabling under test cord
OTDR ]
h 25 4
O -}
54 ] \\¥ v \ l
\.
A
dB é
-10 - 2
QO
o
Q
©
=
_1 5 -
T T T T T T
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7.9.2

The measured length of the transmission path_contained within the cabling under test
length of the optical fibre (assuming that the\carrect effective group IOR has been used) 1

than

from the physical length of the cable. Within a given length of cable containing multiple o

fibres

The o¢ptical fibre length will always be equal to or greater than that of the cable itself
difference between the twe“lengths is dependent upon cable construction. The

many

7.9.3

The
measy

The lengths measured shall be checked for consistency with the optical fibres suppliec

instal

Figure 39 — OTDR characterization of a permanent link containing a macrobend

L (m)
IEC

Measurement uncertainties

he physical length of the cable. The optically measured length of an optical fibre can

, each individual optical fibre canihave a different length.

facturer should be consulted if specific information is required.

Treatment of results

imits and _restrictions indicated in 7.9.2 should be included within the stateme
urement.Gacertainty.

led (subject to the uncertainty of the measurement).

s the
ather
differ
ptical

The
cable

nt of

i and

The propagation velocity or the group refractive index, provided by the manufacturer of the
optical fibre cabling under test, is required by the test equipment to calculate optical fibre length.
If another value is used due to lack of information (e.g. the verification of unknown cabling), the
impact of any errors introduced should be recognized and agreed between the installer and the

user.
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8 Test result documentation

The documentation for each parameter (such as length, attenuation, propagation delay) shall

include:

a) identification and details of the test;
b) whether channel, permanent link, E2E link or MPTL is being tested;
c) test equipment:

1) type, model and manufacturer,

2)—serialnumber and calibration-status,

3] nominal wavelength;

d) optical fibre cabling details (category of cabled optical fibre performance, e.g./(OM3,
OM5, OS1a, 0S2);

e) d¢tails of the cabling connector type(s);

f) details of the test cords used for the measurements including:

1] the performance grade of the fibre in the test cords,

2] if MMF, whether the fibre in the test cords is BIMMF (OMxb),
3] the length of the test cords;

g) the test procedure and method;

h) the configuration of the cabling test equipment during’the test;

i) the measured result;

j) the applicable requirements;
k) details of the reference numbers and direction of test;
[) the date of the test (the time can also be recorded);

m) the test operator name.

OM4,
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