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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE-OPTIC COMMUNICATION SUBSYSTEM
TEST PROCEDURES -

Part 4-1: Installed cable plant —
Multimode attenuation measurement

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes

governmental organizations liaising with the IEC also part|0|pate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

and are accepted by IEC National
Committees in that sense. While all reasonable effqrts \ t re that the technical content of IEC
Publications is accurate, IEC cannot be the way in which they are used or for any
misinterpretation by any end user.

between any IEC Publication gnding nationalor regional publication shall be clearly indicated in
the latter.

IEC provides no jarkiqg procs its approval and cannot be rendered responsible for any
equipment decl j i ication.

All users should ehs(rg : s iti i ication.

No liability shall atta , employees, servants or agents including individual experts and
members of its t and |EC National Committees for any personal injury, property damage or
other damage,. of any wattwe whatsoevef, whether direct or indirect, or for costs (including legal fees) and
expenses arisingnolt o pubhication, use of, or reliance upon, this IEC Publication or any other IEC
Publications

Attentidn i wnte_the Normative references cited in this publication. Use of the referenced publications is
indispensa

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
ot be held responsible for identifying any or all such patent rights.

International Standard IEC 61280-4-1 has been prepared by subcommittee 86C: Fibre optic
systems and active devices, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition, published in 2003, and constitutes
a technical revision.

The main changes with respect to the previous edition are listed below:

— An additional measurement method based on optical time domain reflectometry
(OTDR) is documented, with guidance on best practice in using the OTDR and
interpreting OTDR traces.

— The requirement for the sources used to measure multimode fibres is changed from
one based on coupled power ratio (CPR) and mandrel requirement to one based on
measurements of the near field at the output of the launching test cord.
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— Highlighting the importance of, and giving guidance on, good measurement practices
including cleaning and inspection of connector end faces.

The text of this standard is based on the following documents:

FDIS Report on voting
86C/879/FDIS 86C/892/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directive

A list of all the parts in the IEC 61280 series, under the i ibre-optic
communication subsystem test procedure, can be found on the IEC i

* reconfirmed,
* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publica Qe at a later date.
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FIBRE-OPTIC COMMUNICATION SUBSYSTEM
TEST PROCEDURES -

Part 4-1: Installed cable plant -
Multimode attenuation measurement

1 Scope

This part of IEC 61280-4 is applicable to the measurement of attenuatip installed fibre-
optic cabling using multimode fibre, typically in lengths of up to 2 090

include multimode fibres, connectors, adapters and splices.

Cabling design standards such as ISO/IEC 11801, ISO/IEC 24 4764 contain
specifications for this type of cabling. ISO/IEC 14763- i § ese design

(62,5/125 um) multlmode fibres, as 0. The attenuation
measurements of the other multimode & ing the approaches of this
standard, but the source conditions fo R not been defined.

2 Normative references
For dated references, aqnly diti ies.”For undated references, the latest edition
> 3 ents) applies.

IEC 60825-2, Sa@o art 2: Safety of optical fibre communication systems
(OFCS)

IEC 61280-1-3 F/re op urication subsystem basic test procedures — Part 1-3: Test
procedures f } Wcation subsystems — Central wavelength and spectral width
measuremen

communication subsystems — Light source encircled flux measurement method?

IEC 61300-3-35, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 3-35: Examinations and measurements — Fibre optic
cylindrical connector endface visual inspection

IEC 61315, Calibration of fibre-optic power meters

IEC 61745, End-face image analysis procedure for the calibration of optical fibre geometry
test sets

IEC 61746, Calibration of optical time-domain reflectometers (OTDRS)

1 A new edition is in preparation.
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3 Terms, definitions, graphical symbols and acronyms

For the purposes of this document, the following terms, definitions, graphical symbols and
acronyms apply.

3.1 Terms and definitions

3.1.1
attenuation

reduction of optical power induced by transmission through a medium such as cabling, given
as L (dB)

L =10 10g40(Pi/Poyt)

where P;, and P are the power, typically measured in mW, into and

3.1.2

light source power meter
LSPM

test system consisting of a light source (LS), power mefe
used to measure the attenuation of installed cable plap

giated test cords

3.1.3
optical time domain reflectometer
OTDR

test system consisting of an optical time
to characterize and measure the attep
within that cable plant

3.1.4

test cord

terminated optical fibrg
to provide suita te

—  substitution cord:™a test cord used within a reference measurement which is replaced during the measurement
of the loss of the cabling under test.

3.1.5

bidirectional measurement

two measurements of the same optical fibre, made by launching light into opposite ends of
that fibre

3.1.6
configuration
form or arrangements of parts or elements such as terminations, connections and splices

3.1.7

encircled flux

EF

fraction of cumulative near field power to total output power as a function of radial distance
from the optical centre of the core
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[from IEC 61280-1-4]

3.1.8

reference grade termination

connector (3.1.9) plug (3.1.10) with tightened tolerances terminated onto an optical fibre with
tightened tolerances such that the expected loss of a connection formed by mating two such
assemblies is less than or equal to 0,1 dB

EXAMPLE: as an example, the core diameter tolerance may need to be +0,7 micron (ffs).
Other fibre tolerances are ffs.

NOTE 1 An adapter (3.1.11), required to assure this performance, may be considered to be part of the reference
grade termination where required by the test configuration (3.1.6)

NOTE 2 This definition remains as a point under study. When a more complete defin
document, this definition will be replaced by a reference.

3.1.9
connector

{Definition 2.6.1 of IEC/TR 61931}

3.1.10

plug
male-type part of a connector

[Definition 2.6.2 of IEC/TR 61931]

3.1.11
adapter
female-part of a conne

[Definition 2.6.4@

3.1.12

ggs are inserted and aligned

reference test method
RTM
test method used in the resolution of a dispute

3.2 Graphical symbols

The following graphic symbols for different connection options have been adapted from
IEC 61930.
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1ok REES

b IEC 924/09
IEC 923/09
Figure 1a — Socket and plug assembly Figure 1b — Connector set/{plug,~adapter, plug)

A g

B LY

\ 926/09

@gure d — Power meter

inserted into plug-adapter assembly

IEC 925/09

Figure 1c — Light source

Key

)

socket

\_this\stahdard, the plugs are shown with different sizes to indicate

IEC 927/09

Figure 2 — Symbol for cabling under test

In the figures that illustrate the measurement configurations in Annexes A through D, the
cabling under test is illustrated by a loop as shown in Figure 2. Although illustrated as just a
loop of fibre, it may contain additional splices and connectors in addition to the terminal
connectors. Note that for purposes of measuring the attenuation of this cabling, the losses
associated with the terminal connectors are considered separately from the cabling itself.
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NOTE 3 In Figure 2, the cabling is shown with adapters pre-attached and the plugs going into them are
associated with reference grade test cord plugs.

3.3 Acronyms

The following acronyms are used:

EF encircled flux

LSA least squares approximation
LSPM light source power meter

OTDR optical time domain reflectometer
RTM reference test method

4 Measurement methods

4.1 General

Four measurement methods are designated. The four measu use’test cords to

interface to the cable plant and are designated as follows:

e one-cord reference method;
e three-cord reference method;

e two-cord reference method;

attenuation~af th& copnections of both ends of the cabling under test. The two-cord reference
method norma includes the attenuation associated with one of the connections of the
cabling under test.

NOTE The maximum allowed cabling attenuation specified (e.g. optical power budget or channel insertion loss)
for a transmission system normally excludes the connections made to the transmission equipment. It is therefore
appropriate to use the three cord reference method where the cabling under test is intended to be connected
directly to transmission equipment.

The OTDR method emits short light impulses into the cabling and measures the backscattered
power as a function of propagation time delay or length along the fibre. This also allows the
determination of individual cabling component attenuation values. It does not require a
separate reference measurement to be completed. Requirements for the launch cord and tail
cord are defined in Annex D.

Uncertainties in the specific methods are documented in respective annexes. An overview of
these uncertainties is given in 4.2.

General requirements for apparatus, procedures and calculations common to all methods are
given in the main text of this standard. Requirements that are specific to each particular
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method are documented in Annexes A through D. The main text also includes related
procedures such as connector end face cleaning and inspection.

4.2 Cabling configurations and applicable test methods
This standard assumes that the installed cabling takes one of three forms shown in Table 1. If

the cabling is terminated with an adapter, the test cord shall be terminated with a plug and
vice versa.

Table 1 — Cabling configurations

Configuration Description
A Adapters attached to plugs or sockets attached to both ends of the cablir@
B Plugs on both ends

C Mixed, where one end of the cabling is terminated with an adapte{ an re
terminated with a plug

The variations in test method used to measure the ca
configuration. For example, a common cabling configu
sockets on both ends of the cabling (e.g. withi
electronic equipment with an equipment cord. This
case, the one-cord reference method is used t

equipment. This corresponds to configu
is used to exclude the loss of the end

C the teg@tho that should be applied as described in
Table 2. The reference te t m hod offers the best’measurement accuracy. Alternative test

terminations on

reduced measurement actdra ~ with the reference test method. Reference grade
resolution of disp@

\Qomu%ion RTM Alternative method

\\ \ A Annex A Annex B2
\ \\/ B Annex B -

> C Annex C Annex B

2 For situations where pinned/unpinned or plug/socket style connectors are

used such as MTRJ, SG or other harsh environment connector but the power
meter does not accept the unpinned or plug connector of the launch cord,
Figure C.3 may be used.

NOTE These configurations, RTMs and annexes are ordered according to the
frequency in which different configurations are typically encountered.

4.3 Overview of uncertainties
4.3.1 General

The uncertainties are affected by the type of fibre, the terminations of the cabling and the
measurement method used. See Annex F for some more detailed considerations.
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4.3.2 Test cords

A main source of uncertainty involves the connection of the terminated cabling to the test
equipment. The attenuation associated with the test cord connections may be different from
the attenuation present when the cabling is connected to other cords or transmission
equipment. The use of reference grade terminations on the test cords reduces this uncertainty
and improves reproducibility of the measurement, but the allocation of acceptable loss is
changed as listed in Table F.1.

4.3.3 Launch conditions at the connection to the cabling under test

For all methods, an additional source of uncertainty is related to the characteristic of the
optical source at the face of the launch cord. Different regions of the intensity vs. radial
position are attenuated differently, depending on how many connectiohs are\found in the
cabling and the radial offsets between fibre cores at these connectidénNpoints. Nsually, the

For the OTDR method, the differenti
coupling resulting from forward transmi

not subject to an ex
uncertainty.

4.3.4 Optical so
[ ]

wavele
e Spectra

and the cabling system transmitter wavelength, narrower spectral
e modal noise.

widths can introd

e Power meter nonlinearity — the linearity error of the power meter.
4.3.5 Output power reference

For methods using LSPM, one of the main sources of uncertainty is the variable coupling
efficiency of the light source to the launch cord due to mechanical tolerances. To minimize
this uncertainty, a reference power reading should be made whenever the connection is
disturbed by stress on the connector or disconnection.

For LSPM methods, a reference measurement shall be made to determine the output power of
the launch cord which will be coupled to the cable or cable plant under test. This
measurement should be made each time the launch cord is attached to the source, as this
coupling may be slightly different each time it is done.



