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INFORMATION TECHNOLOGY -
IMPLEMENTATION AND OPERATION
OF CUSTOMER PREMISES CABLING -

Part 3: Testing of optical fibre cabling

FOREWORD

—_——+ —

5O/IEC 14763-3 has been prepared by subcommittee 25: Interconnection of informatio
echnology~equipment, of ISO/IEC joint technical committee 1: Information technology. It is a
ternational Standard.

Tlnis) third edition cancels and replaces the second edition published in 2014 angd

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commissio
form the specialized system for worldwide standardization. National bodies that are members of 1ISQ~QnAE
participate in the development of International Standards through technical committees establishéd 'by thle
respective organization to deal with particular fields of technical activity. ISO and IEC technical"'committeds
collaborate in fields of mutual interest. Other international organizations, governmental and non-gevernmentajl
in liaison with ISO and IEC, also take part in the work.

)

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, &
international consensus of opinion on the relevant subjects since each technical committeg” has representatio
from all interested IEC and ISO National bodies.

S5 3

IEC and ISO documents have the form of recommendations for international use and, are accepted by IEC an|
ISO National bodies in that sense. While all reasonable efforts are made to ensure\ that the technical content
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for.the way in which they are use
or for any misinterpretation by any end user.

o S o

o

In order to promote international uniformity, IEC and ISO National bodies undertake to apply IEC an
ISO documents transparently to the maximum extent possible in theirsnational and regional publications. An
divergence between any IEC and ISO document and the corresponding'national or regional publication shall b
clearly indicated in the latter.

O <

IEC and ISO do not provide any attestation of conformity. Independent certification bodies provide conformi
assessment services and, in some areas, access to IEC and”ISO marks of conformity. IEC and ISO are n
responsible for any services carried out by independent ceftification bodies.

—_.-<

All users should ensure that they have the latest edition“ef this document.

No liability shall attach to IEC and ISO or their, directors, employees, servants or agents including individug
experts and members of its technical committees and IEC and ISO National bodies for any personal injur
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including
legal fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document or arnly
other IEC and ISO documents.

Attention is drawn to the Normative references cited in this document. Use of the referenced publications
indispensable for the correct application of this document.

[2)

IEC and ISO draw attention to the'\possibility that the implementation of this document may involve the use of (&
patent(s). IEC and ISO take(no ‘position concerning the evidence, validity or applicability of any claimed pate
rights in respect thereof. As of the date of publication of this document, IEC and ISO had not received notice
(a) patent(s), which may-befequired to implement this document. However, implementers are cautioned that th
may not represent jthe_latest information, which may be obtained from the patent database available &
https://patents.iec.chi"and www.iso.org/patents. IEC and ISO shall not be held responsible for identifying any
all such patent rights.

0 S~

= ~

- D

Amendment 1:2076. This edition constitutes a technical revision.

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

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

removal of plastic fibre testing;

addition of testing of MPO cabling;

restructuring of the content;

addition of end-to-end link LSPM testing;

addition of MPTL LSPM testing;

addition of measurement uncertainty for all measurement methods;


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

-8 - ISO/IEC 14763-3:2024 © ISO/IEC 2024

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:

Draft Report on voting

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

-

ull information on the voting for its approval can be found in the report on voting indicated i
ne above table.

—
=}

—

he language used for the development of this International Standard is,English.

list of all parts in the ISO/IEC 14763 series, published under the general title Informatio
pchnology — Implementation and operation of customer premises.cabling, can be found on the
EC website.

— ~
S

=)

Tlhis document was drafted in accordance with ISO/IEC-Directives, Part 2, and developed i
3ccordance with ISO/IEC Directives, Part 1, available at www.iec.ch/members_experts/refdoc
nd www.iso.org/directives.

[

IMPORTANT - The "colour inside” logo,'on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its 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.

ISOHEC T80t seres

Information technology - Generic cabling

for customer premises

ISORECT4763-2
Information technology - Implementation

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

info
cabli
balan
fied

Specification for the testing
of balanced and coaxial

and related standards

IEC 61935-1

rmation technology
ng - Part 1: Installed
ced cabling as speci-
in ISO/IEC 11801-1

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 rélated International Standards

IEC

Tlhis document details the inspection and)test procedures for optical fibre cabling designed i
ccordance with premises cabling standards including the ISO/IEC 11801 series and installe
accordance with the requirements.and recommendations of ISO/IEC 14763-2.

sers of this document should be familiar with relevant premises cabling standards an
BO/IEC 14763-2.

he quality plan for (each installation will define the acceptance tests and sampling level
selected for that installation. Requirements and recommendations for the development of
ﬁality plan are.given in ISO/IEC 14763-2.

[© )

|V )
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INFORMATION TECHNOLOGY -
IMPLEMENTATION AND OPERATION
OF CUSTOMER PREMISES CABLING -

Part 3: Testing of optical fibre cabling

—

Scope

—
—h

his part of ISO/IEC 14763 specifies systems and methods for the inspection andtesting ¢
nstalled optical fibre cabling designed in accordance with premises cabling standards includin
ne ISO/IEC 11801 series. The test methods refer to existing standards-based procedure
here they exist.

[2<®]

<

N

Normative references

—

he following documents are referred to in the text in such a way that’'some or all of their conter
onstitutes requirements of this document. For dated referencesy)only the edition cited applieg.
or undated references, the latest edition of the refefenced document (including an
dmendments) applies.

mnmo o
<

50/IEC 11801-1, Information technology — Generi¢<eabling for customer premises — Part 1:
beneral requirements

[on

BO/IEC 14763-2, Information technology — Implementation and operation of customer premisejs
abling — Part 2: Planning and installation

(9}

EFC 60050-731, International Electtrotechnical Vocabulary — Part 731: Optical fibn
ommunication (available at http;//wmww.electropedia.org/)

Q
()

[2)

FC 60825-2, Safety of laser.products — Part 2: Safety of optical fibre communication system
DFCSs)

-~

~

FC 61280-1-3, Fibre~optic communication subsystem test procedures — Part 1-3: Genera
ommunication subsystems — Measurement of central wavelength, spectral width and additiona
pectral characteristics

o
—

(%))

~

FC 61280~1-4, Fibre optic communication subsystem test procedures — Part 1-4: Genera
ommuniedtion subsystems — Light source encircled flux measurement method

(9}

IE€C61280-4-1, Fibre-optic communication subsystem test procedures — Part 4-1: Installefd
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

FC 61746-2, Calibration of optical time-domain reflectometers (OTDR) — Part 2: OTDR\\fd
pultimode fibres

S

FC 61755-2-4, Fibre optic interconnecting devices and passive components — ‘Connectd
ptical interfaces — Part 2-4: Connection parameters of non-dispersion shifted.'single-mod|
hysically contacting fibres — Non-angled for reference connection applications

= O

FC 61755-2-5, Fibre optic interconnecting devices and passive components — Connectd
ptical interfaces — Part 2-5: Connection parameters of non-dispersiot, shifted single-mod,
hysically contacting fibres — Angled for reference connection applications

Reollle)

FC 61755-3-1, Fibre optic connector optical interfaces — Part-3-1: Optical interface, 2,5 mn
dnd 1,25 mm diameter cylindrical full zirconia PC ferrule, single"mode fibre

FC 61755-3-2, Fibre optic connector optical interfaces ~ Part 3-2: Optical interface, 2,5 mn

=h Q

bres

FC 61755-3-31, Fibre optic interconnecting-devices and passive components — Connectd
ptical interfaces — Part 3-31: Connector parameters of non-dispersion shifted single mod|
hysically contacting fibres — Angled polyphenylene sulphide rectangular ferrules

D O

EFC 62614-1, Fibre optics — Mulitimode launch conditions — Part 1: Launch conditio
bquirements for measuring multimode attenuation

~

IEC PAS 63267-3-31, Fibre optic interconnecting devices and passive components — Fibre opt
connector optical interfaces — Part 3-31: End face geometry — Flat PC PPS rectangular ferrul
multimode fibres

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

-

or ghe~purposes of this document, the terms and definitions given in ISO/IEC 11801-1
EFC-60050-731 and the following apply.

nd 1,25 mm diameter cylindrical full zirconia ferrules:for 8 degrees angled-PC single modg

D =

D =

>

D

D =

D O

ISO and IEC maintain terminological databases for use in standardization at the followin
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

g


http://www.iso.org/obp
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3.1.2
attenuation
A

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

given as 4 = =10 log (P,,/P;i,), Where P;, and P
into and out of the cabling

out

Note 1 to entry: The values of 4 are in decibel (dB)

313

are the power, typically measured in mW,

attenuation dead zone
dJreflective or non-reflective event> region on an OTDR after the event where the displace
trace deviates from the undisturbed backscatter trace by more than a given vertical distance A

Note 1 to entry: AF is commonly accepted to be a value of 0,5 dB

SOURCE: IEC 61746-1:2009, and IEC 61746-2:2010, 3.3, modified — Thevhote has bee
hanged and Figure 1 has not been included.]

o —

1.4

i-directional measurement
echnique consisting of two measurements of the same optical {fibre, made by launching ligh
to opposite ends of that fibre

o W

—

.1.5
able sheath

vering over the optical fibre or conductor assembly that can include one or more metalli
embers, strength members or jackets

Note 1 to entry: Sometimes simply referred to as "shéath".

3.1.6
connection
mated device including terminationsieonnecting two cables or cable elements

3.1.7

encircled flux

fraction of cumulative near-field power to the total output power as a function of radial distanc
om the optical centré of the core

—h

3.1.8

IE" result
easured value which fails to meet the specified requirement and where the absolute value d

the difference between the measured value and the specified requirement is greater than th

sfated-.measurement uncertainty

T

—

O

—h

4%

19

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

marginal result

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

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

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

[BOURCE: IEC 60050-731:1991, 731-02-03, modified — The definition has been/ slightly
hanged and Note 1 to entry added.]

.1.13
ptical fibre
aveguide shaped as a filament, made of dielectric materials for guiding optical waves

[POURCE: IEC 60050-151:2001/AMD3:2019, 151-12-35]

.1.14

ptical time domain reflectometer

TDR

test system consisting of an optical time-domain reflectometer and associated test cords use
tp characterize and measure the attenuation of installed)cable plant and specific elements withi
that cable plan

> O

easured value which meets the specified requirements and where the absolute value of th
ifference between the measured value and the specified requirement is greater than the state
easurement uncertainty, provided any apparent gain does not exceed the measuremer
ncertainty

— L (D

.1.16
in conversion test cord
CTC
rd used to change the mated connector from pinned to unpinned, and vice versa when therg
a pinning incompatibility between the launch test cord and link under test.

.1.17

reference adaptor
daptorswith tightened tolerances (for example, a single-mode adaptor), to ensure referencg
nnections can be attained

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]

dptical fibre which supports only one mode of light transmission

).1.22

substitution test cord

test cord used within a reference measurement which is replaced during the méasurement g
the attenuation of the cabling under test

—h

1.1.23

tail test cord

ble assembly used to connect from a power meter to the cablinglunder test or as part of
test reference measurement

[V

).1.24

test cord

cable assembly used either to connect test equipment.tothe cabling under test or as part of
test reference measurement

j )

{.1.25
test operator
silled person who tests in accordance withninstructions provided by the test system designer,

¥.1.26

test system
test equipment, test cords and adaptors necessary to undertake a given test in accordance with
the requirements of this document

}.1.27
defect
slurface feature such-as pits, scratches, chips and loose debris

1.1.28
bose debris
particlessand debris on the surface that can be removed by cleaning

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

MMF multimode fibre

MPO multi-fibre push on (based on rectangularferrule)
MPTL modular plug terminated link
N/A not applicable

OTDR optical time domain reflectometer
PC physical contact

PCTC pin conversion test cord

PM power meter

RL return loss

RMS root mean square

SC subscribéryconnector

SF single\fibre

SFC siphgle fibre connector

SM single-mode

SMF single-mode fibre

STC substitution test cord

TFC tail test cord
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Symbols

For the purposes of this document the following symbols apply.

|:| Optical fibre connector (general)

I Optical fibre connector on installed cabling

ﬂptir‘ql fibre connector with reference termination

4

—

- DO QO O T Q

1
2

1

— — ~— — —

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

Optical fibre reference adaptor

o Splice

Conformance

o test installed cabling in accordance with.this document:

the reference connectors shall conform to the requirements of 5.6;
the requirements of Clause 6 shall*be met;
the test equipment and test cerds shall conform to the requirements of Clause 5;

the test method, as appropriate, and treatment of results shall conform to Clauses 6 and 7;

information about the-test equipment shall be documented in accordance with 5.2;

the test results) shall be documented in accordance with Clause 6 an
ISO/IEC 14763-272019, 10.3.3.

o inspect installed cabling in accordance with this document:

)
)

the ingpection equipment shall conform to the requirements of 5.8;

the.inspection method, as appropriate, shall conform to 6.8.

[oN

his)ydocument does not specify which test or sampling level is to be adopted as this is specifie

in the quality plan (see Annex B) meeling the requirements of ISO/TEC 14763-2. This documen

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

opticatpower meter anmdEC 61746 series for OTDR), or tester mmanufacturer's documente;

procedures, as appropriate.

he test operator shall have evidence, in the form of a valid calibration certificate, to, suppo
ne use of the test equipment at the time the tests are carried out.

=

ndex matching materials (gels or fluids) between the polished end faces of connectors sha
ot be used.

-

5.2 Documentation

Tlest equipment used for conformance testing should include apparatus specific documentation
certificates of compliance to specific standards (i.e. encircled flux), test cord test data, and th
factory calibration date.

5.3 Apparatus

Apparatus requirements apply to single-fibre andZmulti-fibore LSPM and OTDR devices. A
LUSPM uses a light source and power meter at each end of the fibre cabling. An OTDR makes
measurement single-ended, from either fibre end.

5.4 Light source and power meter
5.4.1 Light source

5.4.1.1 General

—

he light source shall be'capable of producing a stable optical output power and an opticg
mterface compatible with-the single fibre ferrule test reference cords.

1T

or single-modé " MPO ported light source, the connector shall have an APC end face.

54.1.2 Stability

he performance of the light source is defined at the output of the launch cord. This is achieve
yctransmitting the output of a source, such as a laser or light emitting diode, into the launc

o —

or a multimode MPO interfaced light source, the connector shall have a PC or APC end facsg.

d

]

j V)

a
h

rd_Th o aball kb otabl £ +h

QO in ot o alanath oA Ao var-th TP TP-N
U T o SOUTOC—STha T StauTC—iiT PpOUSTOUT,  waveiTCTiguT arntd— poOweT OveT o Oarator O ot

entire measurement procedure. Power stability should be high to minimize uncertainty. Whe

n

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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.4.1.3 Launch condition

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

or 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
b

) the output of the launch test cord; or
) the output of the bulkhead of the light source when the associated test cords achieve launch

el

—

—

impact on the launch modal condition, measured attenuation, and uncertainty.

| U P 4 4 bl Il | 4 DU ol H
moudal COTTUTUUTT al U1T UUTpuUtl UT 1T TaUuTiUIT ICoU LUTU Uy UTOSITYIT, Ul

[2)

) the output of the bulkhead of the light source for MPO light sources if the following conditjon
are met:

=)

1) the measurement uncertainty is known and documentation is available as_specified i
5.2;

2) the agreed quality plan supports the test method and associated. ‘measurement
uncertainty (ISO/IEC 14763-2);

3) the measurement uncertainty for the tests is documented 4within the test resu
documentation (ISO/IEC 14763-2).

—

OTE A controlled encircled flux, defined by target and limits, is the standardized distribution of light in fibre
bquired for multimode attenuation measurements. For a light source that produces a uniform or overfilled mode
pwer distribution and using a test cord that has an integrated mode filter, the-output of the test cord is measured fo
e compliant. For test cords that have a mode scrambler and mode filter,“capable of attaching to any light sourcg,
e output of the test cord is measured to be compliant. For devices thatuse a test cord without a mode scramblgr
I mode filter, modal transparency is dependent on matching the core& diameter and numerical aperture of the fibrle
side the light source to the test cord fibre; this is the case for example with MPO test cords. This could have an

he specified encircled flux modal condition shall-be achieved by:

use of conformant equipment including asmode conditioner and a corresponding test cord

use of equipment with unknown modalcondition but use of a conformant modal conditioning
device in the launch test cord;

—

use of equipment with a solrege that requires mode filtering and a controlled output &
reference connector with launch modal condition that has been measured in accordanc
with IEC 61280-1-4.

[4%

aunch test cords shall include reference grade connectors in accordance with 5.6.

he following launchconditions are considered normative for MMF cabling:

850 nm for’60 uym core diameter;
1 300<nm for 50 um core diameter;

850,oxm for 62,5 um core diameter;

1,300 nm for 62,5 um core diameter.

5

4.1.4 Spectral characteristics

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

L
c
s

ight sources for testing MMF cabling and components shall conform to the spectral
haracteristics of Table 1 when measured in accordance with IEC 61280-1-3. The MMF
upported 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.

—

ight sources for testing single-mode fibre (SMF) shall conform to the spectral characterisfic
f Table 2 when measured in accordance with IEC 61280-1-3. The SMF supported by thi
ocument are defined in IEC 60793-2-50.

QO

Table 2 — SMF spectral requirements

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

5.4.2 Power meter

Tlhe power meter shall be capable of measuring the‘range of power normally associated wit
the cabling, including considerations on the powefdaunched into the cabling. The meter sha
have a detecting surface of sufficient size to capture all the power coming from the optical fibr
that is put into it. If a fibre pigtail is used, the pigtailed optical fibre core and numerical apertur
(NA) shall be sufficiently large to capture allkthe power coming from the test cord.

Tlhe receiver connector of the powerlmeter shall be the same connector used in the syster
under test at the end of the link where the light source is to be attached.

—

he power meter having an.MPO compatible port, either pinned or unpinned, shall interfac
with either an MPO multimode plug or MPO/APC single-mode plug.

Caution is advised when interfacing to the power meter MPO port, since it can be pinned g
unpinned.

Rurther inforaration on power meter features for MPO connectors can be found i
FC TR 61282-15.

—

hepawer meter shall enable optical power measurements to be recorded to at least tw

n

=) O 0 = 5

()

(2]

—

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

5.5 OTDR
5.5.1 General

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

wavelengths 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

Tlhe OTDR shall be capable of supporting a range of pulse widths and averaging times\t

hould have a short attenuation dead zone following a standard connector to adeguatel
easure connector attenuation and return loss at connections to the installed cabling unds
test.

[3)]

.5.2.2 OTDR characterization using test cords

Q

haracterization of cabling using an OTDR with a launch test cord and_a-tail test cord:

gd) produces a unidirectional characterization of the form shown in-Figure 2;
K) provides a continuity measurement for the cabling under tesf;
d) provides information about the general quality of both thé/local and remote interface to th

embedded connecting hardware;

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

€) provides a quantitative measurement of.the*channel or link (see Clause 6) attenuation whe
the measurement is taken in one direction provided that the backscattering characteristic
of the optical fibre within the launch.f{est cord and tail test cord are the same;

f} provides a quantitative attenuation measurement of the channel, or link embedde
connecting hardware (see Clause 6) when the measurement is taken from two direction
provided that:

e attenuation measurements of permanent links, channel or embedded connectin
hardware are derjved by averaging the associated bi-directional test results;

o the distance between embedded connecting hardware is not less than the dead zone ¢
the OTDR (see 7.3.5).

o

chieve measurements for a given fibre length with sufficient signal-to-noise ratio. The QTDR
: )
r

cabling under test, the quality of the cabled fibre like, ifi_the ISO/IEC 11801 series and anly

()

~

>

[

[ S5

—h
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Figure 2 — OTDR characterization using a launch test cord(and a tail test cord

.6 Test cord connectors
.6.1 Connecting hardware at test interfaces

he connecting hardware to be connected to the cabling under test (i.e. launch test cords an

tail test cords) together with the hardware that terminates the substitution test cords and an

nnecting hardware adaptors are specified ascpart of the test methods specified by thi
ocument and are called reference connectors:

eference connectors are used to reduce'the measurement uncertainty for the attenuatio
easurements and are used for multimode and single-mode in single fibre (i.e. LC connecto
nd multi-fibre connectors (e.g. MPQ"connectors).

Tlhe multimode LC and MPO, reference connectors are terminated on 50 ym fibre and are i
ﬂccordance with IEC 63267=2:1" for LC and other single fibre connectors. IEC 63267-2-2
slpecifies requirements for\MPO connectors.

5.6.2 Connecting-hardware attenuation requirements

Tlhe key performanhce requirements of different connector types are listed in Table 3. Th
z1ttenuation value of the reference connector to the reference connector in a reference adaptg
shall be mef(in order to achieve the attenuation values of ISO/IEC 11801-1.

D <

[oN

=)

~

=}

()

=

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.
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Table 3 — Connector identification and attenuation test limits
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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
RmTt2 T2 9745 045
Rm24 @ 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 0y
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 Mechanical requirements for reference connectors

5.6.3.1 Requirements for MM LC and other MM single fibre reference connectors

Tlhe key performance related requirements for multimode LC and other single fibre reference
connectors are given in Table 4.

Table 4 — Single fibre MM réference connector requirements

No. Parameter Value Unit
1 core diameter of the used fibre 50+ 0,5 um
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 mm

tolerance of the outer diameter of the 2,5 mm ferrule 2,499 0to 2,499 5 mm
4 eccentricity of centre of ferrule and centre of fibre <0,5 um

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

5.6.3.2 Requirements for SM LC and other single fibre reference connectors

I'he single-mode LT 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

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 requirements of Table 5 shall be met. The attenuation requirement in Table 3 is met.by
design if the parameters No. 1 to 3 are met.

5.6.3.3 End-face geometry for LC and other single fibre reference connectors

—h

Tlhe function of LC and other single fibre reference connectors is based on physical contact g
the reference connector and the DUT connector of link and channel to be’ tested. To ensur
physical contact and the required performance, the end-face geometrinof the polished ferrul
sjhall be in accordance with the requirements of:

©

IEC 61755-3-1 for MM PC reference connectors;
IEC 61755-3-1 for SM PC reference connectors;
IEC 61755-3-2 for SM APC reference connectors.

5.6.3.4 Requirements for MM MPO and other multi-fibre connectors

—

he key performance related requirements for multimode MPO and other multi-fibre reference
onnectors are given in Table 6.

Q

Table 6 — Multi-fibre MNM)reference connector requirements

No. Parameter Value Unit
1 core diameter of the used fibre 50 £ 0,5 um
2 numerical aperture of the,used fibre 0,200 + 0,002
3 true position of centre-of fibre <2,0 um

All requirements Jof Table 6 shall be met. The attenuation requirement in Table 3 is met by
design if the.parameters No. 1 to 3 are met.

5.6.3.5 Requirements for SM MPO and other multi-fibre connectors

Theykey mechanical requirements for single-mode MPO and other multi-fibre referencp
connectors are given in raple 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 the end-face geometry requirements as specified in IEC PAS 63267-3-31.

5.6.4 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 connectars

im a reference adaptor shall have an attenuation < 0,1 dB.

IPO and other multi-fibre reference adaptors shall have an attenuation in accordance with
able 3 tested with reference connectors

- =

8.7 Test cord characteristics
5.7.1 General
Hach test cord should have the following characteristics:

d) for multimode, contain an optical fibre of the same nominal characteristics (i.e. cor
diameter, numerical aperture) as the optical fibre underdest. The optical fibre in the teg
cords may be BIMMF or non-BIMMF, but the tolerances ef the core diameter and numeric4
aperture are tighter specified in order to minimize uncertainty of the measured attenuatio
and provide the correct launch condition. See 5.6.3)for details of the reference fibre as pa
of the reference connector. Test cord attenuatjon verification shall be in accordance wit
Annex A.

b) for single-mode, contain a fibre with as-selected mode field diameter of 9,2 + 0,1 un
at 1310 nm as defined in |IEC 61755:2-4 for single-mode PC and IEC 61755-2-5 fg
single-mode APC. See 5.6.3 for details of the reference fibre as part of the referenc
connector;

D ~+ 5 — ~+ (D

D = S5

c) be labelled by having a unjqueidentifier with each connector labelled as indicated in
Figure 3.

[ HA (B

[ ]
A2 B2
—J 7

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;

H) terminated af the other end with one or more reference connectors and adapiors compatipl
with the interface to the installed cabling;

o

) 2 mto 5 minlength.

=

OTE Use of test cords with reference grade connectors at both ends minimizes measurement uncértainty.
.7.4 LSPM substitution test cord

5
Tlhe substitution test cord (STC) shall be terminated at both ends with, feference connector
compatible with the interfaces to the installed cabling.

—

he substitution test cord shall be 2 m to 5 m in length.

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

d) terminated at one end with one or more connectors suitable for attachment to the OTDR;

K) terminated at the other end with one or more‘reference connectors and adaptors compatibl
with the interface to the installed cabling;

—

he length of the launch cord shall{be longer than the dead zone created by the pulse widt
Flected for a particular length of fibre to be measured. Suppliers of OTDR equipment shoul
t

(7))

commend lengths. In addition,.these lengths shall be long enough for a reliable straight lin

of the backscatter tracelthat follows the attenuation dead zone with standard connectd
bflectance. Launch cords\shall not include any splice when shorter than 15 m. If there is n
ecommendation for launeh test cord length, the minimum length should be 100 m for multimod
and 150 m for single-mode, or the minimum launch cord recommended length guidance of th
OTDR manufacturer;

= == —h =

Tlhe OTDR launch test cord should provide the specified launch modal distribution (see 5.4.1.3
Hor the MM\OTDR launch test cord, if the OTDR is not known to provide the specified launche
zrodal distribution, then the launch test cord shall contain a suitable mode-controlling device t
nsurecsthat the specified launched modal distribution is maintained.

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

[4%

O DO =0 LI ()

O

I'he length of optical tfibres used to create O DR 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


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

- 26 — ISO/IEC 14763-3:2024 © ISO/IEC 2024

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 n
recommendation for tail test cord length, the minimum length should be 100 m for multimod
and 150 m for single-mode, or the minimum tail cord recommended length guidance of th
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 th
dead zone (C3to C4 in Figure 31) so that reliable attenuation measurements can be carrie

[0}
e
e

e
d

out;

cd) terminated at one end with one or more reference connectors compatible with the inferfac
to the installed cabling;

d) of the same type, in terms of core diameter, numerical aperture, or mode field diameter a
the optical fibre within the cabling under test. Reference grade fibre should/he-used.

-

or best practice, reference connectors should be used on both ends.

—

he length of optical fibres used to create OTDR tail test cords oftenrequires that they b
protected within an enclosure (see Figure 4).

5.8 Visual inspection equipment

—

he inspection equipment shall meet the requirements of JEC 61300-3-35.

All possible connectors in multimode and singlesmode fibre configurations specified i
ﬁﬁructured cabling standards shall be inspected”for contamination with a low-resolutio

icroscope. Low resolution means that the microscope shall have a field of view of at leas
250 uym. The fibre shall be a maximum 50 % efthe image on the microscope in the vertical axig.

he capability of the microscope for detécting 2 ym targets and the correct field of view can b

ircle. The user should contact theequipment supplier for such an artefact. Other artefacts thg
etermine the capability of the mieroscopes to detect 2 ym defects and 3 ym scratches may b
used.

Tlhere are different types_of microscope available on the market. Direct viewing microscope

ccidental eye damage. Do not use direct view microscopes on live fibre systems if there is n
filter. This is important during inspection of installed connector end faces where the remote en
$ not under control of the inspector.

he laserfilter is used to control the energy which is directed into the eye from active source

guipment with lasers is active on the cabling. Laser safety of optical fibore communicatio
ystems shall be in accordance with IEC 60825-2

» O O —

4%

[

—_,—— =

1
getermined by use of, for example, a~¢chrome on glass artefact with 2 um targets and a 250 ur
gre in general lower_cost. The microscope shall contain a built-in laser safety filter to prever

mitted-from the cabling. When direct viewing is used, it shall be ensured that no laser @

D —~ D5

OO0 —~ 0

- = O

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

All microscope systems show system-to-system variability and a 100 % match betwee
inspection results of multiple microscopes in accordance with IEC 61300-3-35 is not achievabl
at this moment. This is even the case when microscopes of the same brand and type ar
compared.

a

n
e
e
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NOTE Some microscopes are available with floodlight (side illumination); these are particularly haﬁ@whe
jspecting MPOs for dirt (see Figure 5).

fb'
Hor rectangular ferrules, the entire ferrule surface (6,4 mm x 2,5 mm) should/@rbisible (se

—h

Do not use direct view microscopes on live fibre systems.

§ Testing (( O\

6.1 General QQ

Glause 6 specifies the reference planes, the visuald \ection for cleanliness and the testin
procedures and uncertainty for channels, links, per@ ent links, E2E links and MPTL measure
with LSPM or OTDR. \‘g\

=5 >

6.2 Reference planes

permanent links, E2E links

SO/IEC 14763-3:2024 © ISO/IEC 2024 - 27 -

-~

[y

h

IEC IEC

Figure 5 — Normal illumination (left) and illumination with floodlight (right) ™

igure 5) and shall be inspected for contamination. The microscope shall be fim with suitabl
xtures that retain the connector in a stable position, thereby allowing carefl,'ﬁ\mspection.

O
O\\Qx
%

Ithough permanent links are referred‘@ in Clause 6, ISO/IEC 11801-1 has define
bquirements for sub-links that can be {e'ét in accordance with this document.

-
W

5O/IEC 11801-1 and equivalent documents define transmission limits for channels, links g
MPTL for which the representative reference planes are show

n Figure 6. C)

()

()

[®m (o]

=
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L Channel

CP optional

m

s}

Y
—

:| EQP

Link, permanent link

links, permanent links, E2E links, MPTL

O —

rany link is defined at its reference plane.

Figure 6 — Representative reference planes for channels,

= 05 i
EC CP optional |EC
B E2E link .
EQP ? *—*ﬂ EQP
EC CP optional EC
L MPTL o
EC! CP optional

he uncertainty of a test system established to measure the optical characteristics of a channg

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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Test reference plane

. channel
TEST T TEST
EQP :l ‘ ’ v EQP
Test cordT T EC
Reference
adaptor
Testreference plane
L link or permanent link g
TEST T i TEST
EQP ! : _U'[ EQP
Test cordT TTest cord

Test reference plane
E2E link

TEST Tt : TEST
EQP . { | ’ [ EQP
Test cordT T EC ECT TTest cord

Reference Reference
adaptor adaptor

Test reference plane
MPTL |

A
Y

TEST e ' TEST
EQP F ___________________________ _l 'U'[:| EQP

Test cordT TTest cord

Reference

adaptor IEC

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).

.4 Direction of measurement

or permanent links comprising a single fixed cable and terminating connectors, uni-directiona
testing may be performed. Where the permanent link is of more complex construction)or'wher
there is a risk that components within the cabling under test cause differences in thexattenuatio
epending on the direction of transmission, bi-directional measurements shall be(carried out.

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

Transmission and terminal equipment shall be disconnected from-the cabling under test befor
any testing or inspection in accordance with this document is carried out.

6.6 Use of test equipment

m

xternal effects such as temperature and humidity canvaffect the test equipment and thereb
fluence the measured results. Test equipment shall be operated in accordance with th
anufacturer's specifications. Unless the manufacturer's specifications provide othd
formation, test equipment shall be allowed to ‘stabilize at the test environment for at leasg
5 minutes prior to taking readings.

535 =

—_

6.7 Relevance of measurement

Measurements shall either:

Q

) be made under environmental conditions which are representative of the intende
operational environment; or

H) be documented as being performed under non-representative conditions.
6.8 Visual inspection for cleanliness and cleaning of cabling interfaces

he inspection for cleanliness of any connector shall take place prior to any mating to anothg
onnector. For cylindrical ferrules, at least an area of 250 ym diameter shall be inspected an

or rectangular ferrules, the entire ferrule surface (6,4 mm x 2,5 mm) should be inspected fg
leanliness and cleaned when necessary. Use of inspection equipment with large field of vie

1
G
cdleaned. {nspecting and cleaning beyond 250 ym area is recommended for cylindrical ferruleg.
F
G

> (D —

14

~ = <<

O =

-

—

qnd oblique illumination eases the detection of debris on the rectangular ferrules. The flowcha

in FIgure o Shows the procedure 10 be employed.
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Inspect
end face.
Clean?

L Connect

Y
\3

Fluid clean

IEC.

Figure 8 — Fibre end face cleaning cycle

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

~

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

b) For MPO connectors, inspect the entire front surface of the ferrule for debris. Fdg
single-mode ferrules, only the angled area needs to<be inspected. The small flat area,
present, does not require inspection. Use of a_very large field of view microscope i
recommended. This microscope will show the entiré surface area including bores and guid
pins. A maximum of 10 particles between 10 ym“and 25 um are the recommended limit. N
limit for particles below 10 um, no particleslarger than 25 ym are recommended.

Q
O D B = =

]

c) For connectors with cylindrical ferrules sd¢h as LC and SC connectors, inspect the 250 un
diameter central zone of every fibre endface for debris. A maximum of 10 particles betwee
5 um and 10 ym are the recommended limit in the ring between 135 pm to 250 um. No limj
for particles smaller than 5 ym andno particles larger than 10 ym are recommended.

—_ =

d) If the ferrule end face fails inspection for debris, the user shall clean the ferrule end fac
and repeat the inspection process. Several attempts at cleaning can be required, se
Annex E, or follow the~Supplier's instructions on cleaning methods for connectors an
transceivers. Additiopal-information can be found in IEC TR 62627-1. If the ferrule end fac
meets the requirements, the connectors may be mated. If they are contaminated, they shal
be cleaned in agcordance with Annex E and re-inspected.

D O D

6.9 Testing of installed cabling

6.9.1 General

—

Tlesting the attenuation or optical loss of installed cabling for conformance with this documer
nray be undertaken with either LSPM or with an OTDR.

6.9.2  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.

Tihe channetand ik testmethod TeqUITES a New Teference for any change of connection at th
ight source or the power meter between tests since the connection between source~an
connected cord should never be disturbed after a reference measurement has been takén,

]

Iways inspect and clean when necessary, the connector interfaces of the sourcej-the launc
test cord, the tail test cord and substitution test cord.

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

Tlhis document does not specify which test is to be undertakén; direction of test, whic

=

plan meeting requirements of ISO/IEC 14763-2.

6.9.2.2 Link and permanent link testing
6.9.2.2.1 General

Tlhe one-test-cord reference method is applicable-for link and permanent link testing.

—

ink and permanent link testing is utilized 40 qualify the installed cabling.

—

inks and permanent links include a-mated connector at both ends of the cabling under test.

Tlhe criteria for a link and a permanent link are based on the use of reference grade test cord
at the cabling under test interface.

—

he use of reference grade test cords during testing reduces the impact from the introductio
f customer equipment’cords when creating a channel for an application. For qualification of
hannel to support.a“specific application, channel testing is required.

o O

—]

he introduetion of customer equipment cords to a link or permanent link to form a channel ca
hange theattenuation value of the interface connectors by up to 0,75 dB per mated connectqg
plair.

(@]

avelengths are to be tested. The testing for a specific installation shall be defined in the quality

[

h

U 3

-

6.972.2.2 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

b

)
)

c)

D

—h

[ (See Figure 9.

)

)

Figure 10 — Connection of LTC to TTC to verify attenuation of reference connectors

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.

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

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

After reference setting, do not disconnect the LTC connector from the light source 4asl the
reference setting will then become invalid. In the reference setting, input connector of powse
meter shall match the connector used in the system under test at the end of the link wherg

the LS is deployed.
PM

LTC

—

o [

L1

IEC

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

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

Connect the LTC to the TTC using a referenCe”adaptor and connect the other end of the
TTC to the power meter (see Figure 10).

LS [] PM

I }

LTC TTC

IEC

Measure andvrecord the attenuation of the LTC-TTC combination in dB.

The maximum permitted attenuation shall be the value of one connection with two reference
connectors (see Table 3).

—

If the attenuation is more than the maximum permitted value, clean all end faces, insped
then reconnect and re-test. Re-set the reference if necessary. Use alternative test cords
necessary. If the maximum permitted attenuation is not achievable, a standard's compliar

=

—

link measurement cannot be made.

Connect the LTC to the near end of the link. Connect the TTC to the far end of the link (see
Figure 11).
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.9.2.2.4 Measurement uncertainties

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

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

9:2.2.5  Treatment of results

Figure 11 — Connections to link or permanent link for attenuation measuremént

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

The optical attenuation calculation for a link or permanent link is the following:

A=P -P; (dB) (1

where P, and P, are expressed in dBm.

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

A =-101g(P4/P,), {dB) (2

~

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

MMF 1 300 nm: 0,29 x measured attenuation in dB, when measured attenuation > 1,15 dB.

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 is reference to standard grade connection attenuation (dB);

Acp  is cable attenuation (dB);

Acon s 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.

Vhere bi-directional testing has been undertaken, the optical attenuation limits shall bemet i
oth directions.

o <

=

Vhere testing has been undertaken at more than one wavelength, the optical -attenuatio
equirements shall be met at all wavelengths.

—

—

he treatment of results alternative to those listed in 6.9.2.2.5 shall be defailed in the qualit
lan meeting requirements of ISO/IEC 14763-2.

o]

6.9.2.3 E2E link testing
6.9.2.3.1 General

The E2E link attenuation test method is applicable for E2E link attenuation testing only.

H2E link attenuation testing is utilized to qualify thesinstalled cabling.

m

2E links include additional mated connectorsfat both ends of the channel. This can be a direg
onnected cable or a link or permanent link‘with attached equipment cords. The connector &
ne end of the E2E link can also be terminated directly at the end of the cable.

=0

Tlhe criteria for an E2E link are based on the use of reference grade test cords at the cablin
under test interface.

Tlhe use of reference grade“test cords during testing utilizing the E2E link attenuation tes
method reduces the variation between the E2E link and channel attenuation.

Tlhe application requirements for attenuation specified within ISO/IEC 11801-1 are based o
channel attenuation requirements and as such, E2E link testing is not suitable for applicatio
ﬁssessment. For/qualification of a channel to support a specific application, channel testing i
ecessary.

Tlhe E2E'link attenuation measurements should have an appropriate margin for the maximun

— —~

—

[/ =)

1ttenuation 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) 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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6.9.2.3.3 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 rigure 127
d) After reference setting, do not disconnect the launch test cord connector from the! light

- O

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

source 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

Connect the LTC to the TTC using a reference adaptor and connect the other end of the
TTC to the power meter (see Figure 13).

\}
LS [] ey PM

; }

LTC TTC

IEC

Figure 13 — Connection-of LTC to TTC to verify attenuation of reference connectors

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

The maximunipermitted attenuation shall be the value of one connection with two reference
connectors(see Table 3).

NOTE _H.the attenuation is more than the maximum permitted value, clean all end faces, inspect then reconne
and rextest. Re-set the reference if necessary. Use alternative test cords if necessary. If the maximum permitte
attenuation is not achievable, a standard’'s compliant E2E link measurement cannot be made.

Connect the launch test cord to the near end of the link by using a reference adaptof.
Caonnect the tail test cord ta the far end of the link by using a reference adaptor (se

o~

Figure 14).
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OTE The dotted box can contain splices, connectors, cords or other components.
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Figure 14 — Connections to E2E link for attenuation measurement

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

) The optical attenuation calculation for a E2E link is the following:
A=P, - Py (dB) (1

where P, and P, are expressed in dBm.

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

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

.9.2.3.4 Measurement uncertainties

or this method, the measurement uncertainties\at 95 % confidence level evaluated usin
EFC TR 61282-14, requirements of this document and relevant data are as follows:

SMF 1 310 nm: 0,33 dB for fibre length/s2 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;
MMF 1 300 nm: 0,35(dB“when measured attenuation < 1,15 dB;

— — ~ — —

OTE When the uneertainty is reported with the measurement result, the reporting is: M + U, where M is th
easurement and‘U s the uncertainty.

.9.2.3.5 Treatment of results

he use of reference terminations on the test cords affects the calculation of limits of testin
pr E2E link attenuation. The referencing procedure involves the interconnection of referenc

) MMF 1 300 nm: 0/29 x measured attenuation in dB, when measured attenuation > 1,15 df.

~

¢
e

—

prminations in_accordance with 5.6. The measurement of the link includes connection of th

e

test cords to non-reference terminations, which for ISO/IEC 11801-1 compliant connecting

h

ardware are specified in Table 3.

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

a

a

b

ttenuation is:

) for MMF: (2 x Aggg) + X Aca + X Acon:
) for SMF: (2 x Aggg) + X Aca + Y AcoN-
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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 wit

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

h
0

Where bi-directional testing has been undertaken, the optical attenuation limits shall bemet i
both directions.

Where testing has been undertaken at more than one wavelength, the optical attenuation limit
shall be met at all wavelengths.

Tlhe treatment of results alternative to those listed in 6.9.2.3 shall be detailed in the quality pla
meeting requirements of ISO/IEC 14763-2.

6.9.2.4 Channel testing
6.9.2.4.1 General

Tlhe channel test method is applicable only for channel testing.

Channel testing is utilized for application implemeptation to confirm the optical attenuation ¢
ne channel is suitable to support the application:

—

e

hese customer equipment cords shall remain in place once testing has been completed.

D

.9.2.4.2 Requirements for the\test system

—

he test system shall meet the following requirements:
d) the connector on the poawer meter shall be the same as the cabling under test (for referenc
setting);

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

d) test equipment shall meet the requirements specified in Clause 5;
d) power,meters shall have interchangeable connector receptacles to suit the connector of th
cablingvunder test.

6.9.2:4.3 Test method

hannel testing includes the customer equipfent cords at both ends of the cabling under tesj.

=}

—h

[

[

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 1 PM
Launch Near end i Reference
test cord EQP cord i—» measurement/(P)
IEC
Figure 15 — Connection of LS to LTC to near end EQP cord to PM for reference setting
d) Record the reference measurement P in dBm or watts.
¢) The near end EQP cord is disconnected from the power(meter and the LTC-EQP cor(d
combination is reconnected to the fixed cable of the chantel under test.
f) At the far end of the channel, connect the far end<EQP cord to the power meter (sep
Figure 16).
Ve Measured channel attenuation
s []] T B T * T 1] Pu
LTC Near end Far end
EQP cord EQP cord
optional IE
Figure 16 — Connections to channel test for attenuation measurement
NOTE Measuring'the channel attenuation, one EQP cord attenuation is not taken into account.
d) The power R,)is measured directly at the far end EQP cord. The measurement, P4, shall be
recorded-ifh dBm or watts.
H) The_optical attenuation for a channel is the following:
A=P =Py (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 usin
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;

g

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

f} MMF 1 300 nm: 0,29 dB when measured attenuation < 0,2 dB;

d) MMF 1 300 nm: 0,29 x measured attenuation in dB, when measured attenuation >0,2 dB.
N

n

OTE When the uncertainty is reported with the measurement result, the reporting is: M +AJ,“where M is th
easurement and U is the uncertainty.

6.9.2.4.5 Treatment of results
Tlhe optical attenuation of a channel is:

2Aca t 2 Acon

here

N

cA is cable attenuation (dB);

N

con is embedded connection attenuation (dB).

Vhere compliance with a specified value is required, the measured result shall be termed
ass result, a fail result or a marginal resultxWhere compliance for a specific application i
bquired, the optical attenuation of the channel shall equal or be less than that applicatio
msertion loss value specified in ISO/IEC_11801-1:2017, Table E.4.

o0 <

Hxamples of optical attenuation calculations are shown in Annex C.

6.9.2.4.6 Test result

-

or a given wavelength—and in a given direction, measured attenuation is calculated usin
ormula (1) or Formula,(2).

-

Hor example, if the reference power level P, is —20 dBm (0,01 mW) and the measured pows
evel P, 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 tw
measured results shall be considered as the overall measured result.

> O

=

69725 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

o

ThG tﬂbt bybtclll th” IIIUUt IS fU”UVViIIy |cqui|c|||c||ta.
d) the launch and tail test cord termination shall be able to mate with the power meter interfac
and the cabling under test;

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

d) test equipment shall meet the requirements specified in Clause 5.

D

.9.2.5.3 Test method

—

he test procedure is shown below:

Q

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

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

(@]

) Connect the launch test cord (LTC) to the light Source (LS) and to the power meter (PM
(see Figure 17).

d) After reference setting, do not disconnectithe launch test cord connector from the ligh
source as the reference setting will then Become invalid.

s [] T PM

LTC

IEC

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

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

—h

Connect'the LTC to the TTC using the reference adaptor and connect the other end of th
TTC:to the PM (see Figure 18).

()

—

4%

—_

PM

n
L[

—
LS L_

} }

LTC TTC

IEC

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

g) Measure 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 referenc
connectors (see Table 3).

e


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

—-42 - ISO/IEC 14763-3:2024 © ISO/IEC 2024

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.

—T1

.9.2.5.4 Measurement uncertainties

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

— — ~— — —

OTE When the uncertainty is reported with the measurement result, the reporting is: M + U, where M is the

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).
Lo MPTL ]
1 [ s
LS J I |_ 1 \Y|

; T |

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 O watts.

The optical attenuation calculation for a MPTL is the following:
A=P - Py (dB) )

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

~

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

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

SMF 1 550 nm; (¥fs);

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

MMF 850%%m: 0,14 x measured attenuation in dB, when measured attenuation > 1,9 dB;
MMF. 4 300 nm: 0,35 dB when measured attenuation < 1,15 dB;

MME 300 nm: 0,29 x measured attenuation in dB, when measured attenuation > 1,15 dB.

a
b
G
d
€
f

9
N
m

easurement 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 Aggg) + X Aca *+ 2 4cons

b) for SMF: (2 x Aggg) + > Aca * 2 4Acon:

where

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

Acp  is cable attenuation (dB);

Acon is embedded connection attenuation (dB).

Where the performance of the interfaces to the cabling under test is not in accordance’ wit
IFO/IEC 11801-1, information should be sought from the manufacturers of the interfaces t
determine the relevant information.

Where testing has been undertaken at more than one wavelength, the opticakattenuation limit
shall be met at all wavelengths.

Vhere bi-directional testing has been undertaken, the optical attenuation limits shall be met i
oth directions.

o <

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

Tlhe treatment of results alternative to those listed in 6.9.2.5 shall be detailed in the quality pla
meeting requirements of ISO/IEC 14763-2.

6.9.3 Attenuation of multi-fibre connector'cabling — LSPM
6.9.3.1 General

lulti-fibre connectors have multiple-fibres contained in a single housing, usually rectangula
hat contain alignment devices, usually pins and mating holes, to ensure each fibre core align
ery precisely with its mating connector. The multi-fibre push on connector (MPO) is a widel
sed connecting device.

c < =

Z

OTE With MPO cabling different adaptors, polarities and matings are possible. Documentation of the complef
ystem is useful.

[

6.9.3.2 MPO to)MPO link or permanent link testing — One-test-cord reference method
LSPM

D

.9.3.2.1 General

he one-test-cord reference method is acceptable for link and permanent links with MPO whe
ne-pin assignment of the fibre test cords used can be altered.

=

<<

O 0

=}

=}

[

[

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

possible.
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. An

y

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

c

6

hange the attenuation value of the interface connectors by up to 0,75 dB per connector.

.9.3.2.2 Requirements for the test system

The test system shall meet the following requirements:

a
b

) the interface connector of the launch test cord shall be a multi-fibre connector;

) the connector of the power meter shall be a multi-fibre connector;

- O

QD

o

(@]

Q.

D

—h

)
d) the interface connector of the power meter test cord shall use a pin conversion test cord;
)

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

test cords shall meet the limits specified within this document and utilize low loss ¢ehnectors
at the cabling under test interface; and

test equipment shall meet the requirements specified in Clause 5.
.9.3.2.3 Test method

he test procedure is shown below.

-

) Inspect and clean when necessary the connector interfaces efithe source and the launc
test cord.

=)

) Allow sufficient time for light source stabilization in accofdance with recommendations fror
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 20).

) After reference setting, do not disconnect the LTC connector from the light source as the
reference setting will then become invalid,

s [] T PM

LTC

IEC

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

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

Connect.the LTC to the TTC using an MPO adaptor (see Figure 21).This arrangement is
used fon verification of both low loss connections and not as a reference measurement.

LS ] [ PM

A

g

! |
LTC MPO  TTC Ec

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

) 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 Tink under test.

| MPO link under test

g
-

A

LTC TTC
IEC

Figure 22 — Connections to link or permanent'link attenuation
j] Measure and record the power (P4) of all cores of the"MPO link under test in dBm or wattg.
k) The optical attenuation calculation for a core of the.MPO link is the following:

A =P, - PHdB) (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:

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

~

6.9.3.2.4 Measurement)uncertainties

-n

or this method, the/measurement uncertainties at 95 % confidence level evaluated using
EFC TR 61282-14, requirements of this standard and relevant data are as follows:

SMF 1 310%m: 0,54 dB for fibre length < 2 km;

SMF 1 3%0'nm: 0,79 dB for fibre length from 2 km to 10 km;
SME-4650 nm: (ffs);

MMF 850 nm: 0,40 dB when measured attenuation < 2,0 dB;

MMF 850 nm: 0,50 dB when measured attenuation from 2.0 dB to 3dB
) MMF 1 300 nm: (ffs);

o — —

a
b
v
d
e

—

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.


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

— 46 - ISO/IEC 14763-3:2024 © ISO/IEC 2024

Using the one-test-cord 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:

where

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

Acp  is cable attenuation (dB);

A

—_~ <

AN =

V
I

o <

0 <

1

6

1

= 0O M

T

determine the relevant information for Table 3.

meeting requirements of ISO/IEC 14763-2.

6.9.3.3.1 General

uUnder test interface.

con is embedded connection attenuation (dB).

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

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

=

Vhere the performance of the interfaces to the cabling under test is_fet~in accordance wit
5O/IEC 11801-1, information should be sought from the manufacturers of the interfaces t

O

Vhere bi-directional testing has been undertaken, the optical attenuation limits shall be met ip
oth directions.

Vhere testing has been undertaken at more than one wavelength, the optical attenuation limits
hall be met at all wavelengths.

he treatment of results alternative to those listed in 6.9.3.2 shall be detailed in the quality pla

=

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

he MPO EZ2E link test method. is applicable for E2E links with MPO connectors.
2E link testing is utilized/to qualify the installed cabling.

2E links includeca-ntated connector at both ends of the channel. This can be a direct connecte
able or a (permanent) link with attached equipment cords. The connector at the end of the E2
Nk can also be-terminated directly at the end of the cable.

L ®™

he criteria for an E2E link are based on the use of reference grade test cords at the cablg

1
(0]

he use of reference grade test cords during testing reduces the impact from the introduction
f 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

[

6

hange the attenuation value of the interface connectors by up to 0,75 dB per connector.

.9.3.3.2 Requirements for the test system

The test system shall meet the following requirements:

a
b

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

f)

9333 Test method

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.

—

)

he test procedure is shown below.

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

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 23).
RM
B

LTC

o [

L1

IEC

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

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

—

Connect the LTC to the TTC using MPO adaptors (see Figure 24) using a substitution tes
cord (STC) with reference connéctors each end to ensure the pin configuration is correcf.
The STC shall be pinned the.same as the MPO link under test. This arrangement is usefd
for verification of both referénce grade connections and not as a reference measurement.

s [[4 (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

g)

Measure and record the attenuation of all cores of the LIC-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).


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

- 48 — ISO/IEC 14763-3:2024 © ISO/IEC 2024

MPO E2E link under test |

A
A

LTC TTC
IEC

—T1
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1
f
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.9.3.3.4 Measurement uncertainties

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

OTE When the uneertainty is reported with the measurement result, the reporting is: M + U, where M is th
easurement and‘U js the uncertainty.

.9.3.3.5 Treatment of results

he userof reference terminations on the test cords affects the calculation of limits of testin
pr.permanent link attenuation. The referencing procedure involves the interconnection of lo
ss‘terminations in accordance with 5.6. The measurement of the link includes connection

Figure 25 — Connections to E2E link for attenuation measurement

Measure and record the power (P,) of all cores of the MPO EZ2E link under test in dBm @
watts.

The optical attenuation calculation for a core of the MPO E2E link is the following:
A=P., - Py (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 aps

follows:

A=-101g(P4/P,) (dB) (2

SMF 1 310 nm: 0,54 dB for fibre length < 2 km;

SMF 1 310 nm: 0,79 dB for fibrellength from 2 km to 10 km;

SMF 1 550 nm: (ffs);

MMF 850 nm: 0,40 dB when measured attenuation < 2,0 dB;

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

—

~

g
v

f

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
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 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.

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

Where testing has been undertaken at more than one wavelength, the optical attenuation limits
shall be met at all wavelengths.

Tlhe treatment of results alternative to those listed in 6.9.3.3 shall be detailed in the quality pla
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

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

6.9.3.4.2 Requirements for the test system

Hor testing in accordance with multi light source E2E link testing, the use of a fanout MPO-SF

d) the MPO gender shall match the MPO at the other end of the link;
h) the interface connector of the light source test cord shall be able to mate with the powsg

d) the interface connector-of;the light source can use a pin conversion test cord;
d) the interface connecton of the power meter test cord shall be the same as the cabling undsg

¢) test cords and-pin‘conversion test cords shall meet the limits specified within this document

f] test equipmeént shall meet the requirements specified in Clause 5.
6.9.3.4:3 Test method

Tlhe_test procedure is shown below.

=}

mterface end, and single-fibre connectors at the other-interface end.

CJ

$ required. The test system shall meet the-following requirements:

—

meter interface;

—

test;

and utilize low-loss connectors at the cabling under test interface;

a) Inspect and clean when necessary the connector interfaces of the source and the launch

test cord.

b) 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.

c) Allow sufficient time for light source stabilization in accordance with recommendations from

the manufacturer of the light source.

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

(see Figure 26).
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T%PM

LTC

o [

L1

IEC

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

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

Connect the LTC to the TTC using MPO adaptors (see Figure 27) where no pin conversio
is required on the test cords, or connect the LTC to the PCTC and connect the THAC to th
PCTC using MPO adaptors (see Figure 28). This arrangement is used for verification of both
low loss connections and not as a reference measurement.

D =5

LS ] [ PM

Py

LTC MPO TTC

IEC

Figure 27 — Connection of LTC to TTC fortest-cord verification

LS I: :I PM

L1
]

f f f

LTC PCTC TTC EC

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

=)

) Measure and record the attenuation of all cores of the LTC-TTC combination (where no pi
conversion is required ofi:the test cords) or the LTC-PCTC-TTC combination in dB.

1) The maximum pefmitted attenuation for verification shall be the value of one connectio
with two reference connectors (see Table 3) for the LTC-TTC combination or shall b
the value of @w0 connections each with two reference connectors (see Table 3) for th
LTC-PCTCsTTC combination.

O O =5

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

Q

) WHRere no pin conversion is required on the test cords, disconnect the TTC from the MPQ
adaptor to which the LTC is connected, and replace the TTC multi-fibre with the TTC
Qinglp-fihrp, and connect the MPQ ndnptnr towhich the L TC is connected to the near en
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
single reference adaptor (see Figure 30).
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MPO to single fibre link

b

LTC MPO
/ b\

MPO to single TTC
fibre cabling single fibre used
under test repeatedly

I IEC

Figure 29 — MPO to single fibre link attenuationtesting
where no pin conversion is required on launch-test cord

MPO to single fibre link

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 test ip
dBm or watts.

jL_The optical attenuation calculation for a core of the MPO to single fibre link is the following:

4=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

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 when measured attenuation < 2,0 dB;

g) MMF 850 nm: 0,50 dB when measured attenuation is 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 th
measurement and U is the uncertainty.

.9.3.4.5 Treatment of results

6

Tlhe use of reference terminations on the test cords affects the calculafion’ of limits of testin
for permanent link attenuation. The referencing procedure involves thevinterconnection of lo
lpss terminations in accordance with 5.6. The measurement of the-link includes connection ¢
the test cords to non-reference terminations, which for ISO/IEC,11801-1 compliant connectin
hardware are specified in Table 3.

—

attenuation is:

) for MMF: (2 x Aggg) + X Aca + X Acons
) for SMF: (2 x Aggg) + ¥ Aca + Y AcoN-

QD

o

here
rRsg Is reference to standard grade connection attenuation (dB);

W
A
Aca  is cable attenuation (dB);
A

con is embedded connection attenuation (dB).

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

—_~ <

sing the enhanced-three-test-cord reference method{)the calculated limit of testing link

=

O 0

1) for MMF: MPQ-mated connectors 0,15 dB;
2) for SMF: MPQ-mated connectors 0,35 dB.
Where the.pérformance of the interfaces to the cabling under test is not in accordance wit
IFO/IEC14801-1, information should be sought from the manufacturers of the interfaces t
determine the relevant information for Table 3.
Iha i fioanal tactinas haoo K 0 adartal n—th antical attaniiaotian Lieaite o o1l b rmati
LA A I IAAVIS AV R R ] lCOLIIIH mMao VOUTITT UTTUCTTIANnNTIT, tice UPLIUGI ATLTTITUdAuuITT 1mITiTto o1rrdaimt vo 1o ot

\ .
both directions.

Where testing has been undertaken at more than one wavelength, the optical attenuation limit
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 pla
meeting requirements of ISO/IEC 14763-2.

S

n
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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

ds well as any included individual components and events.

6.9.4.2 Test equipment requirements

An OTDR apparatus in accordance with 5.5 shall be capable of measuring and-reporting th
required results. A launch test cord in accordance with 5.7 shall be longer than\the dead zon
of the OTDR, with an interface connector that will mate with the cabling under\test. The launc
test cord 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 a
terface connector that will mate with the cabling under test. The~tail test cord shall be th
sfame category as the cabling under test.

Tlhe use of adaptor cords attached to the launch or tail test cord at the interface to the cablin
under test will make the OTDR test result invalid for confermance.

6.9.4.3 Test method for link or permanent link, E2E link, MPTL
6.9.4.3.1 General

A launch test cord in accordance with 5.7.5 shall be connected between the OTDR and th
abling under test.

(@]

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

o —

Q

) use the shortest pulse width possible (see 7.3.9);

o

) use the averaging time no greater than 3 min per trace. However, as short averaging time
(i.e. < 10 s)generally provide poor results, 30 s averaging time is recommended.

Hor a better\Understanding of the relations between OTDR parameters and OTDR capabilities

A tail test cord in accordance with-5.7.6 shall be connected at the end of the cabling under tesj.

- D D

4%

[

[

see 7.3.
Single-mode cabling under test shall be measured in both directions, unless the optical fibre
THFSN | Lt 4 A a ol & £ P= + EY H K 4+ - T
e 1TautivimT tiCol CUTU AlTu 1e tall tCol LUTU TIavie Ui odliite OUGLLCIIIIH UlarduiTliiolivo.,.
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

Lv(m)
IEC

Key

LTC launch test cord

TTC tail test cord

C1, C2, C3, C4 cursors for linear regression definition
C5, C6 cursors at attenuation location

14 attenuation of permanent link

/. length of permanent link

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

Tlo obtain the total attenwation result for a (permanent) link, it is sufficient to carry out g
nidirectional measurement’only when the optical fibres of the launch test cord and the tail tes

rd have the same scattering characteristics, or, if not the case, it shall be measured in bot
irections and the mean of the two results calculated.

-y

hen measurement in both directions is used, the result shall be calculated using Formula (5§
in7.4.

~

ompatison of the measured attenuation in Figure 31 and the reference planes in Figure [
shows ‘that the attenuation limit defined for the permanent link within ISO/IEC 11801-1 d
quivalent 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.

dafinedin 54 1 4 ndtha OTHhDR cha
e oo A~ —a

= |
aethe fa

Tha OTPhR outnutchall ba calactad for tha wavalanath ac
He-or Ottt put SHaTPe-SeHeetearortme—wayerehRgmas

e configured using the following rules:

D

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

O

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

()]

-n

or a better understanding of the relations between OTDR parameters’'and OTDR capabilities
ee 7.3.

n

.9.4.4.2 Measurement uncertainties

[

his measurement configuration (Figure 32) does not<respect hypothesis for uncertaintie
alculation. Therefore, uncertainties cannot be calculated because the equipment cords are top
hort.

0n o - D

6.9.4.4.3 Treatment of results

[

Higure 32 shows the two points at which\the attenuation of the installed cabling shall b
measured.
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’ Channel under test

OTDR |

dB

L (m)
IEC

Key
LTC launch test cord
TTC tail test cord
EC equipment cord
C1, C2 cursors for two-point channel attenuation mggsurement
4 attenuation of channel
7 length of channel
Figure 32 — OTDR measurement of installed cabling (channel):
two-point.attenuation measurement method
Note that:

—

) it is not possible tocarry out the more accurate linear regression attenuation measuremer
where two reflective events are in close proximity as there is unlikely to be sufficient lengt
of optical fibré~in the equipment cords to obtain a linear fit to the locations around C1 anfd
C2;

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

QD
=

()

Tlhe#result for channel attenuation is obtained by carrying out the measurement in both
directions and calculating the mean of the two results. This is not necessary where the optica
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

C

ontrol.

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

q

S|

6

q

—

=

M~

—

=

0 <

61.9.5.2 Test equipment requirements

ptical fibres shall be tested using equipment capable of measuring optical signal propagatio

thhe time domain such as optical time domain reflectometers and certain types of optical powg

urce and optical power meter equipment.

.9.5.3 Test method for propagation delay

6.9.5.3.1 General

onnect the OTDR to the cabling under test via a launch cord. Set:the instrument to allow th
bading of the distance between two cursors. Calculate the propagation delay from the lengt

measurement provided by the OTDR using Formula (3):

T=LOFXn/c (3

here
is the propagation delay in seconds;
oF is the measured length in metres,

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

.9.5.3.2 Measurementiuncertainty

se guidance of the OTDR manufacturer for the measurement uncertainty.

6.9.5.4 Treatment of results

ropagation deldy is not a pass/fail criterion; however, it may be called up by the quality pla

m accordance with ISO/IEC 14763-2 or by the network application.

Vherecompliance with a specified value is required, a pass result, a fail result or a marging
bsUlt*'should be indicated with reference to the measured result.

- 2

[

-

=)

6
6

.9.6 Length
.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—TFestequipmentrequirements

ny one of the following may be used to determine length:

>

Q
O

) a light source power meter or other test equipment with time of flight or pulse ech
functionality;

b) an OTDR;

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

6.9.6.3 Test method for length
6.9.6.3.1 General

Hor time of flight and pulse echo, ensure the instrument is(Set to the correct IOR and measur
ength in accordance with the tester manufacturer's instructions.

[

Hor OTDR, use the set-up and measurement of length for link or permanent link, MPTL, E2
link or channel (see Figure 35 and Figure 36).

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

Lop=T/(nlc) “)

here

<

is the propagation'delay in seconds;

I~

oF is the optical fibre' length in metres;

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

When, ‘reporting the optical fibre cable sheath length as the optical fibre length, it i

recommended to add to the report that the measured value is the optical fibre cable sheath
length.

[2)

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

a
u

ccepted length of the optical fibre (assuming that the correct effective group IOR has been
sed) 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

d

ifference 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

L

S < <

—_ 0O

—~~

< =

D < O

an—_|

<

6
1

t

mdicated with respect to the measured result.

dllows the optical fibre-core size to be determined by consideration of the relative diameters g

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

Vhere compliance with a specified value is required, a pass result or fail result”shall b

]

he propagation velocity or the group refractive index, provided by the manufacturer of th
ptical fibre cabling under test, is required by the test equipment in order-to calculate optica
bre length. If another value is used because no value was indicated”by the manufacture
.e. the verification of unknown cabling), the impact of any errors introduced should bg
pcognized and agreed between the installer and the user. For, default group refractive indeix
alues, see Table 8.

= )]

—

9.7 Optical fibre continuity

-

ontinuity of an optical fibre between two interfaces«can be verified using LSPM equipment g
ith an OTDR if a tail test cord is used. Continuity of an optical fibre can also be verified using
visible light source.

.9.8 Cabling polarity

=}

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

|V

.9.9 Optical fibre core-size

he inspection of the optieal fibre end faces under conditions of front illumination (see Clause 5

— ~—

he core and cladding.

7 Performance assessment of installed cabling components using OTDR
7.1 General
Rerformance assessment of installed cabling components is based on the attenuatio

measurement of each individual component such as the test interface, the splices or the

c

onnections 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

a

7

nd commonly observed uncertainty values.

.2 OTDR basis

The OTDR operates by injecting a short pulse of light into one end of the fibre optic system

u

nder 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:

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
the 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 OTD
works with. Usually, this raw data is processed by the OTDR such that the returning signal
power is plotted on a logarithmic scale to give loss in decibels on the vertical scale. ©n|the
horizontal scale, the time delay for the round trip is converted into a one-way distanc¢e alonp
t )
lo

ne system, by providing the OTDR with a figure for the group index (effective refractive index
f the optical fibre under test.

Tlhis resultant graph of loss on the vertical scale against distance on the horizontal scale i
khown as a backscatter trace. Analysis of this backscatter trace can yi€éld much informatio
dbout the cabling under test including:

> O

total attenuation of the link or channel under test;
length (and propagation delay) of the link or channel under tést;
attenuation coefficient of the optical fibre in the cablingdnder test;

1
2
3
4) attenuation of connections (splices and connector pairs);
5

~—~ ~— ~ ~— —

return loss (reflectance) of reflective features such as connector pairs and mechanica
splices;

g) distance information between features on thé.trace.

—

However, successful and comprehensive chafacterization of the cabling under test is depender
upon a number of factors, including:

o/ the optical performance of the OTDR being used, dynamic margin, pulse width, averaging
time, dead zone, group index; measurement range and distance sampling (see 7.3);
o/ the correct set up of the OTDR's measurement parameters;

o/ the correct measurement configuration including appropriate length launch cords and tajl
cords;

o measurement good-practices — cleanliness of connectors, etc.;

o] the use of bj-directional measurement (see 7.4).
7.3 Fundamental parameters that define the operational capability of an OTDR

7.3.1 Dynamic range

range increases when the laser pulse width increases, and when the noise level decreases by
averaging.

See IEC 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

dynamic margin higher than 5 dB.

7.3.3 Pulse width

1
Tlhis determines the amount of scattering signal returning. As pulse width increases}-dynami
range increases; however, dead zones increase.

7.3.4 Averaging time

1
Best signal characterization is preferable yet takes the longest averading time. The greates
benefit to averaging time occurs during the first 30 s of averaging.cGenerally, a dynamic rang
imcrease of 0,75 dB occurs when doubling the number of averages.

~l

.3.5 Dead zone

here are several orders of magnitude difference between the very small signal level receive
om the backscattered light within the optical fibre ahd-the relatively large signal level receive
om Fresnel reflections at reflective interfaces at,connectors. It takes a finite time for th

etector in the OTDR to recover from the Frespel reflection such that it can measure th

ackscattered light levels again. During this_time, it is not possible for the OTDR to measur
ny variation in the backscattered signal level (such as splice losses for example) and so th
ction of optical fibre following a reflectionis referred to as the "dead zone".

|

n

Tlhe length of this dead zone will depend upon the response time of the detector, the magnitud
af the Fresnel reflection and its duration, which is determined by the pulse width.

Hor most applications the most significant dead zone is the attenuation dead zone. This is th
distance after a reflective event at which the backscatter level has returned to be within a certai
blerance (AF) of a linear fit to the backscatter trace and attenuation measurements can b
made.

—

7.3.6 Group‘index

Tlhe group index is used to set up the scale factor of the horizontal scale. This allows fau
¢cationtand attenuation coefficient calculation.

he pulse width and laser peak power define the energy level launched into the optical-fibre.

he averaging time defines the duration to sum and average a large number of data samples.

D —~

[CECELCE S S

9]

[ T O]

—

On7a general basis, the index of refraction is not known, while the length of the optical fibre i

[

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

{ fibre types other than type of Table 8 are being used and if accurate length measurement

7.3.7 Measurement range

—

he measurement range or measurement span is the distance that is covered by the OTD
[me base. The measurement range shall be set to be greater than the length of the optical fibr
b be tested. Note that on some OTDRs, when testing systems with-strongly reflectiv
onnectors, it can be desirable to set the measurement range to be greater than twice the lengt
f the system under test in order to reduce ghosting effects.

O O =+ —+

~J

.3.8 Distance sampling

he distance sampling (or sampling resolution) is the distance between two points of th
orizontal scale. This distance can be coupled to the . measurement range (i.e. the number ¢
ata points is a constant).

QI

Vhen adjustable, the sampling resolution should*be set to a small enough interval to ensur
nat all features of the link are well resolved. li“any case, it should be ten times lower than th
ulse width. Note that the size of the data file.generated will be proportional to the measuremer
bnge divided by the sampling resolution-

-0 o<

7.3.9 Event threshold

Jometimes OTDR traces are ‘unusable due to a high noise level as a result of incorreg
parameter selection.

OTDR manufacturersctypically set the event threshold to 0,1 dB. Lower values can increas
trace clutter. Higherfvalues can miss identifying valid events.

7.4 Bi-directional measurement

Hor cablirng)containing splices or additional connectors, OTDR testing is carried out from bot

ttenudtion due to variations in the optical fibre backscattering characteristics to be cancelle

dre required, the fibre manufacturer should be consulted for appropriate refractive indexfigureg.

> O DO A

[

=

— (D D

—

Q. —

3nds ofsthe cabling under test. This allows any inaccuracy in the measurement of componer

utby 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 launc

h

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=

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

(dB) (5)

(o]

is-theattenuation measured-inthe directionfrom the exiremity to the origin-

7.5 Attenuation of optical fibre cable
7.5.1 Test method

7.5.1.1 General

n order to test a channel or permanent link (see Clause 5), a launch test-cord in accordanc
with 5.7.5 shall be connected between the OTDR and the cabling under(test.

In order to test an unterminated optical fibre, a launch test cord.ib-accordance with 5.7.5 bd
without a test interface connector shall be connected between the*OTDR and the optical fibr
under test by means of a splice or a connector.

he OTDR output shall be selected for the wavelength as\defined in 5.4.1.4 and the OTDR sha
e configured using the following rules:

o -

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

short averaging times (i.e. < 10 s) generally provide poor results, 30 s averaging time shoul
be considered.

-5

or a better understanding of the-relations between OTDR parameters and OTDR capabilities
lee 7.3.

n

Tlhis method may also be used to assess the uniformity of attenuation of cabled optical fibre
im accordance with IEC)60793-2-10 (MMF) and IEC 60793-2-50 (SMF).

Tlhe cabling under-test shall be measured in one direction.

7.5.1.2 Measurement uncertainties

—]

he mieasurement shall be over a section of the optical fibre away from the attenuation dea
ziope ‘of the OTDR (see 7.3.5) and shall not contain connecting hardware.

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

()

—

4%

O

[oN

[

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 attenuatio
coefficient, even if the uncertainties of the loss are small.

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

e SMF 1550 nm: 0,55 dB;
e MMEF: ffs.

n

e
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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).

Where compliance with a specified value is required, a pass or fail result should be indicatef
with respect to the measured result.
Lo Fibre length under test |
p— LTC h 1 e~
1
dB L -
|
1
1
¥
*
1
1
1
|
|
c2i
1
1
L (m)
IEC
Key
LTC launch test cord
TTC tail test cord
Ct,.C2 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.

Hor a better understanding of the relations between OTDR parameters and OTDR capabilitieg,
ee 7.3.

(7))

—

he cabling 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\both components.

7.6.2 Test system measurement uncertainties

b~
A

ssuming bi-directional measurement and a minimum dynamic margin of 10 dB, and OTD
inear regression of 100 m and 1 m between points (100 points),-the uncertainty at 95 %
onfidence level is:

o =

Q

) SMF: ffs;
) MMF: ffs.

o

7.6.3 Treatment of results

igure 34 shows the points at which the attenuation of the interfaces to the cabling under tes
hall be measured. The installed cabling canibe either a channel or a permanent link (se
lause 5). However, where the channel contains short equipment cords at one or more ends,
an be impossible to make a measurement since the connections of the cords to the permaner
ink will be disguised within the end interface reflections.

O O ®»w T
— —+ (D —~+
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measurements in each direction (s€e’also 7.4).

LTC TTC
OTDR {1
i i
| I
dB i |
| I
| |
| |
C1 [ |
c2| = :
o c3 y i
B \\e :
) c4 !
[
I
|
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 measured.connection

Figure 34 — OTDR measurement of connection attenuation

he attenuation of the local interface is‘shown as the interface loss (dB). To eliminate effect
f difference of optical fibre backscattering characteristics, the result shall be the mean of the

[

Vhere compliance with a specified value is required, a pass result, a fail result or a margina
bsult should be indicated (with respect to the measured result.

.7  Attenuation of.connecting hardware
7.1 Test method

n order to test a channel or permanent link (see Clause 5), a launch test cord in accordance
ith 5.7.5.shall be connected between the OTDR and the cabling under test.

 order to test connectmg hardware W|th|n an untermmated optical fibre, a launch test cord i

('DD

OTDR and the optlcal flbre under test

The OTDR output shall be selected for the wavelength as defined in 5.4.1.4 and the OTDR shall

b

e 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,

S

ee 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 %

q

o Q

= T

= >

o)

=5 <

IIﬁdUIIL’U :UVU: ;D.
) SMF: 0,06 dB;
) MMF: ffs.

7.3 Treatment of results

igure 35 shows the points at which the attenuation of connecting hardware.0r splices withi
e cabling under test shall be measured.

joint, particularly a fusion splice, should not contain an air-gap_so reflective peaks are ng
ormally seen. Instead, the optical power received simply displays.a’drop" or "step" at the join
osition.

Vhere compliance with a specified value is required, a pass result, a fail result or a marging
bsult 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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7.8 Return loss of connecting hardware

7.8.1 General

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.

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

Z

OTE The optical return loss of a link or channel is the ratio of the power input to the cabling under test {o/the su
f the power reflected and scattered back by the cabling under test.

[e]

7.8.2 Test method

3

launch test cord in accordance with 5.7.5 shall be connected between. the OTDR and th
abling under test.

(@]

I{ the return loss of the remote connection in the cabling under test.is’to be measured, then
hil test cord in accordance with 5.7.6 shall be connected to the remote end of the cabling undsd
pst.

— —

h order to test embedded connecting hardware within afy uhterminated optical fibre, a launc
bst cord in accordance with 5.7.5 but without a testiinterface connector shall be connecte
hetween the OTDR and the optical fibre under test.

—

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

o -

a) the shortest pulse width possible should be selected that is consistent with acquiring a trac
in a reasonable timescale that is sufficiently smooth (e.g. with sufficient signal-to-noise rati
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, a
short averaging times (i.e."< 10 s) generally provide poor results, 30 s averaging time shoul
be considered;

c) the detector in some ©TDRs saturates at large values of H (as shown in H in Figure 36);

d) this type of signdD saturation can be avoided by adding a variable attenuator between th
OTDR and theeabling component under test.

Hor a better-ufnderstanding of the relations between OTDR parameters and OTDR capabilities
fee 7.3.

(/)]

—

[ © N

[O 2N ¢

[N /)]
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Cabling under test
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Figure 36 — OTDR measurement of return loss

7.8.3 Test system measurement uncertainties

minimum dynamic margin of 3 dB, the uncertfainty at 95 % confidence level is:

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

7.8.4 Treatment of results

—

eak (Hp or Hg in Figure:36) as follows:

o]

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

withoH > 5 dB

Hibre related uncertainties have a direct impact on the return loss uncertainties. Assuming

he return loss of a cabling-component under test is calculated from the height of the reflection

V)

(9)

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.
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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 - -
OS1a, OS2 - - 80 82

Z

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

C

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

NOTE 3 OTDRSs often report reflectance, r, rather than return loss, RL; the relationshipds » (dB) = -RL (dB).

<

Vhere compliance with a specified value is required, a pass result,a’ fail result or a margina
psult should be indicated with respect to the measured result.

—

7.9 Optical fibre length

7.9.1 Test method

n order to test a channel or permanent link (see Clause 5), a launch test cord in accordanc
with 5.7.5 shall be connected between the OTDRand the cabling under test.

In order to test connecting hardware within\an unterminated optical fibre, a launch test cord i
dccordance with 5.7.5 but without a testyinterface connector shall be connected between th
QTDR and the optical fibre under test;

he OTDR output shall be selected'for the wavelength as defined in 5.4.1.4 and the OTDR sha
e configured using the following rules:

o —

Q

) the shortest pulse width-possible should be selected that is consistent with acquiring a trac
in a reasonable timescale that is sufficiently smooth (e.g. with sufficient signal-to-noise rati
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, a
short averaging times (i.e. < 10 s) generally provide poor results, 30 s averaging time shoul
be considered.

Hor a better understanding of the relations between OTDR parameters and OTDR capabilities
ee 1.3.

n

[ORN{))

=)

O
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Figure 37 — Determination of length usingyan OTDR

-

igure 37 shows the points at which the length of the transmission path contained within the
mstalled cabling shall be measured (SMF possibly~does not produce a remote interfac
eflection). The installed cabling can be either a channel or a permanent link (see Clause 5).

[

—

3

break in a multimode fibre permanent link would also be characterized by the presence of th
eflection peak. However, unlike multimode>fibre and as shown in Figure 38, a break in g
ingle-mode fibre is not always characterized by a reflection peak.

wn -
()

Launch test

cord Cabling under test Tail test cord
OTDR 1
i |
07 | i
} 1
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I 1
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} 1
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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
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Figure 39 — OTDR characterization of a permanent link containing a macrobend

7.9.2 Measurement uncertainties

he measured length of the transmission path contained within the cabling under test is th
ength of the optical fibre (assuming that the correct effective group IOR has been used) rathe
han the physical length of the cable. The optically measured length of an optical fibre can diffe
om the physical length of the cable. Within a given length of cable containing multiple optic4g
[pres, each individual optical fibre can have a different length.

—h —h + —

—

he optical fibre length will always be equal to or greater than that of the cable itself. Th
j}ifference between the twa. lengths is dependent upon cable construction. The cabl
anufacturer should be consulted if specific information is required.

7.9.3 Treatment of results

Tlhe limits and restrictions indicated in 7.9.2 should be included within the statement ¢
measurement-uncertainty.

—

he lengths 'measured shall be checked for consistency with the optical fibres supplied an
nstalled\(subject to the uncertainty of the measurement).

(] — = =

—

Tlhe“propagation velocity or the group refractive index, provided by the manufacturer of th

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), th
impact of any errors introduced should be recognized and agreed between the installer and th
user.

e
e
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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:

T —type, modetandmanufacturer,
2) serial number and calibration status,
3) nominal wavelength;

d) optical fibre cabling details (category of cabled optical fibre performance, e.grnOM3, OM4,
OM5, OS1a, 0S2);

€) details 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 (OMxbY;
3) the length of the test cords;

d) the test procedure and method;

H) the configuration of the cabling test equipment duringghe 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.
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