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Foreword

The text of document 86C/879/FDIS, future edition 2 of IEC 61280-4-1, prepared by SC 86C, Fibre optic
systems and active devices, of IEC TC 86, Fibre optics, was submitted to the IEC-CENELEC parallel vote
and was approved by CENELEC as EN 61280-4-1 on 2009-10-01.

This European Standard supersedes EN 61280-4-1:2004.

The main changes with respect to EN 61280-4-1:2004 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;

— highlighting the importance of, and giving guidance on, good measurement practices including
cleaning and inspection of connector end faces.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement

— latest date by which the national standards conflicting

with the EN have to be withdrawn

Annex ZA has been added by CENELEC.

Endorsement notice

(dop)

(dow)

2010-07-01

2012-10-01

The text of the International Standard IEC 61280-4-1:2009 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60793-1-40

IEC 60793-2

IEC 60793-2-10

IEC 60793-2-50

IEC 61300-3-6

Full document details: BS EN 61280-4-1:2009

NOTE

NOTE

NOTE

NOTE

NOTE

Harmonized as EN 60793-1-40:2003 (modified).
Harmonized as EN 60793-2:2008 (not modified).
Harmonized as EN 60793-2-10:2007 (not modified).
Harmonized as EN 60793-2-50:2008 (not modified).

Harmonized as EN 61300-3-6:2009 (not modified).
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year Title EN/HD Year
IEC 60825-2 - Safety of laser products - EN 60825-2 2004
Part 2: Safety of optical fibre communication

systems (OFCS)
IEC 61280-1-3 2 Fibre optic communication subsystem test ~ EN 61280-1-3 2
procedures -
Part 1-3: General communication
subsystems - Central wavelength and
spectral width measurement
IEC 61280-1-4 - Fibre optic communication subsystem test ~ EN 61280-1-4 200X

procedures -

Part 1-4: General communication
subsystems - Light source encircled flux
measurement method

IEC/PAS 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 EN 61315 2006

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

IEC 61746 - Calibration of optical time-domain EN 61746 2005

reflectometers (OTDR)

! Undated reference.

2 Valid edition at date of issue.
At draft stage.

)
)
3)
) To be ratified.

4
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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 attenuation of installed fibre-
optic cabling using multimode fibre, typically in lengths of up to 2 000 m. This cabling can
include multimode fibres, connectors, adapters and splices.

Cabling design standards such as ISO/IEC 11801, ISO/IEC 24702 and ISO/IEC 24764 contain
specifications for this type of cabling. ISO/IEC 14763-3, which supports these design
standards, makes reference to the test methods of this standard.

In this standard, the fibre types that are addressed include category A1a (50/125 um) and A1b
(62,5/125 um) multimode fibres, as specified in I[EC 60793-2-10. The attenuation
measurements of the other multimode categories can be made, using the approaches of this
standard, but the source conditions for the other categories have not been defined.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCS)

IEC 61280-1-3, Fibre optic communication subsystem basic test procedures — Part 1-3: Test
procedures for general communication subsystems — Central wavelength and spectral width
measurement

IEC 61280-1-4, Fibre optic communication subsystem test procedures — Part 1-4: General
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. Documents
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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 out of the cabling

3.1.2

light source power meter

LSPM

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

3.1.3

optical time domain reflectometer

OTDR

test system consisting of an optical time-domain reflectometer and associated test cords used
to characterize and measure the attenuation of installed cable plant and specific elements
within that cable plant

314

test cord

terminated optical fibre cord used to connect the optical source or detector to the cabling, or
to provide suitable interfaces to the cabling under test

NOTE There are five types of test cords:
— launch cord: used to connect the light source to the cabling;
— receive cord: used to connect the cabling to the power meter (LSPM only);

— tail cord: attached to the far end of the cabling when an OTDR is used at the near end. This provides a means
of evaluating attenuation of the whole of the cabling including the far end connection;

— adapter cord: used to transition between sockets or other incompatible connectors in a required test
configuration;

—  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 definition is available in another
document, this definition will be replaced by a reference.

3.1.9

connector

component normally attached to an optical cable or piece of apparatus, for the purpose of
providing frequent optical interconnection/disconnection of optical fibres or cables

{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 connector in which one or two plugs are inserted and aligned

[Definition 2.6.4 of IEC/TR 61931:1998]

3.1.12

socket-style connector

connector for which the adapter, including any alignment device, is integrated with, and
permanently attached to the connector plug on one side of the connection

NOTE Examples include the SG and many harsh environment connectors.

3.1.13

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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N\ °\|:

L]
j’\ :d
IEC 924/09

b
IEC 923/09
Figure 1a — Socket and plug assembly Figure 1b — Connector set (plug, adapter, plug)
LS Z'S’J E B] P PM
IEC 926/09
IEC 925/09
Figure 1c — Light source Figure 1d — Power meter

Key

a socket d plug inserted into plug-adapter assembly
b plug LS light source

c plug-adapter assembly PM power meter

Figure 1 — Connector symbols

NOTE 1 In Figure 1b, and elsewhere in this standard, the plugs are shown with different sizes to indicate
directionality where the cabling has adapters pre-attached and the test cord does not, or vice versa. In Figure 1b,
the plug on the left has the adapter pre-attached.

NOTE 2 Reference grade terminations are shown shaded with grey.

N
AN

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 measurement methods 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;

e optical time domain reflectometer (OTDR) method.

The first three methods use an optical light source and power meter (LSPM) to measure input
and output power levels of the cabling under test to determine the attenuation. The main
functional difference between these methods is the way the input power level, known as the
reference power level, is measured and hence the inclusion or exclusion of the losses
associated with the connections to the cabling under test, and the associated uncertainties of
these connections. The process of measuring the input power level is commonly referred to
as ‘taking the reference power level,” or 'normalization’.

The use of the term ‘reference’ in the description of the test methods refers to the process of
measuring the input power, not the status of the test.

The one-cord reference method includes the attenuation associated with connections at both
ends of the cabling under test. The three-cord reference method attempts to exclude the
attenuation of the connections of both ends of the cabling under test. The two-cord reference
method normally 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_eaciD@gtents
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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 cabling
B Plugs on both ends
C Mixed, where one end of the cabling is terminated with an adapter and the other end is
terminated with a plug

The variations in test method used to measure the cabling are dependent on the cabling
configuration. For example, a common cabling configuration is that of having adapters or
sockets on both ends of the cabling (e.g. within patch panels) awaiting connection to
electronic equipment with an equipment cord. This corresponds to configuration A. In this
case, the one-cord reference method is used to include the losses associated with both end
connectors of the cabling. Another example is a cabling configuration for which equipment
cords are installed on both ends of the cabling and are awaiting connection to electronic
equipment. This corresponds to configuration B. In this case, a three-cord reference method
is used to exclude the loss of the end plug connections.

The configuration A, B or C defines the test methods that should be applied as described in
Table 2. The reference test method offers the best measurement accuracy. Alternative test
methods may be called up in specific circumstances or by other standards but are subject to
reduced measurement accuracy compared with the reference test method. Reference grade
terminations on the test cords as described in 5.2.3, 5.3 and 5.4 shall be used for the
resolution of disputes, unless otherwise agreed.

Table 2 — Test methods and configurations

Configuration RTM Alternative method
A Annex A Annex B2
B Annex B -
Cc 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 connections are found in the
cabling and the radial offsets between fibre cores at these connection points. Usually, the
outer region is attenuated more than the inner region. This is known as differential mode
attenuation.

To obtain measurements that are relevant to the types of sources found in transmission
equipment, a restricted launch, not an overfilled launch, shall be used. The limits on this
restricted launch (see Annex E) are defined to yield attenuation variations of less than +10 %
of the target attenuation for a number of defined conditions when the core diameter of the
launch cord fibre is equal to the specification mid-range (the nominal value for the fibre

types).

For the OTDR method, the differential mode attenuation occurs not only from the mode
coupling resulting from forward transmission through each connection, but also due to the
mode coupling resulting from the backscattered power through each connection in the reverse
direction. The limits on the near field of the launching cord provide some control on this, but it
is not as well quantified as it is for the LSPM methods. There can also be some additional
differential mode attenuation at the splitter within the OTDR on the path to the detector that is
not subject to an external test. bidirectional testing (see Clause G.6) may reduce this
uncertainty.

4.3.4 Optical source
The following sources of uncertainties are relevant to the attenuation measurements:
e Wavelength of the source — causes fibre attenuation variations between source

wavelength and cabling system transmitter wavelength.

e Spectral width — wider spectral widths cause fibre attenuation variations between the
source wavelength and the cabling system transmitter wavelength, narrower spectral
widths can introduce modal noise.

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.
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4.3.6 Received power reference

If the power meter has a detector large enough to capture all the incident light then the
coupling of the receive cord to the power meter is minimal and shall be discounted. In other
circumstances (which may include the use of pigtailed detectors), the uncertainty introduced
shall be included in the overall measurement uncertainty.

5 Apparatus

5.1 General

Apparatus requirements that are specific to particular methods are found in Annexes A to D.
Some of the requirements common to the apparatus of LSPM methods are included in this
clause.

5.2 Light source
5.2.1 Stability

The light source is defined at the output of the launch cord. This is achieved by transmitting
the output of a suitable radiation source, such as laser or light emitting diode into the
launching cord. The source shall be stable in position, wavelength and power over the
duration of the entire measurement procedure.

5.2.2 Spectral characteristics

The spectral width of the light source shall meet the requirements of Table 3 when measured
in accordance with IEC 61280-1-3.

Table 3 — Spectral requirements

Centroidal wavelength Spectral width range, full width at
nm half maximum
nm
850 + 30 302 to 60
1280 - 1350 100° to 140
2 The minimum of the spectral width range applies to LSPM methods only.

5.2.3 Launch cord

The optical fibre within the launch cord at the connection to the cabling under test shall be of
the same type, in terms of core diameter and numerical aperture, but not necessarily
bandwidth, as the optical fibre within the cabling under test. Except for the OTDR method, the
launch cord shall be 1 m to 5 m in length. See Annex D for the length of the OTDR launch
cord.

The requirements on the near field profile coming from the launch cord that are found in
Annex E shall be met. The required launch conditions can be achieved by including
appropriate equipment inside the light source, or by applying mode controlling or conditioning
devices on or in series with the launch cord.

The connector or adapter terminating the launch cord shall be compatible with the cabling and
should be of reference grade to minimize the uncertainty of measurement results.
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5.3 Receive or tail cord

The optical fibre within the receive or tail cord shall be of the same type, nominal core
diameter and nominal numerical aperture as the optical fibre within the cabling under test.

The connector or adapter terminating the launch cord shall be compatible with the cabling and
should be of reference grade to minimize the uncertainty of measurement results.

The termination of a receive cord at the connection to the power meter shall be compatible
with that of the power meter.

Where unidirectional testing is carried out, the remote end of the tail cord used for OTDR
testing has no requirement for a reference grade termination. Where bi-directional testing is
carried out, the tail cord becomes the launch cord (See Annex |) and shall comply with 5.2.3.

5.4 Substitution/dummy cord

The optical fibre within the substitution/dummy cord shall be of the same category, nominal
core diameter and nominal numerical aperture as the optical fibre within the cabling under
test.

The connector or adapter terminating the launch cord shall be compatible with the cabling and
should be of reference grade to minimize the uncertainty of measurement results.

5.5 Power meter — LSPM methods only

The power meter shall be capable of measuring the range of power normally associated with
the cabling, including considerations on the power launched into the cabling. The power meter
shall meet the calibration requirements of IEC 61315. The meter shall have a detecting
surface of sufficient size to capture all the power coming from the fibre that is put into it. If a
pigtail is used, the pigtail fibre shall be sufficiently large to capture all the power coming from
the test cord.

5.6 OTDR apparatus

Figure 3 is a schematic of the OTDR apparatus shown with a simple attachment point.
Annex D has some more detailed requirements for the length of the launch cord and other
aspects related to the OTDR measurement. The other requirements of 5.1 apply.

For high precision and repeatable measurements, it is recommended, but not mandatory, to
use, either before or after the splitter, a speckle scrambler functionally equivalent to the fibre
shaker described in 61280-1-4 in order to minimize the effects of coherence modal noise.
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Key
PG pulse generator
LD laser diode
(OF) optical splitter
SS speckle scrambler (optional)
FC front panel connector
APD avalanche photo diode
AC amplifier and converter
SP signal processor

CD control and display
Figure 3 — OTDR schematic

5.7 Connector end-face cleaning and inspection equipment

Cleaning equipment (including apparatus, materials, and substances) and the methods to be
used shall be suitable for the connectors to be cleaned. Connector suppliers’ instructions
shall be consulted where doubt exists as to the suitability of particular equipment and
cleaning methods.

A microscope compatible with IEC 61300-3-35, low resolution method, is required to verify
that the fibre and connector end faces of the test cords are clean and free of damage.
Microscopes with adaptors that are compatible with the connectors used are required.

5.8 Adapters
Where appropriate, adapters shall be compatible with the connector style being used and

shall allow the required performance of reference grade terminations to be achieved.

6 Procedures

6.1 General

Procedure requirements that are specific to particular methods are found in Annexes A
through D.

LSPM methods require a reference measurement to be taken prior to measuring the cabling.
Equipment should be assessed before commencing testing to ascertain how frequently
reference measurements should be taken. Generally this should be before the equipment has
drifted more than 0,1 dB. The test environment (particularly the temperature) may affect the
frequency of re-referencing.
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6.2 Common procedures

6.2.1 Care of the test cords

The ends of the test cords shall be free of dirt or dust and shall be scratch free in accordance
with [EC 61300-3-35. If contamination is seen, clean using the equipment and methods of 5.7.

When the test cords are not in use, the ends should be capped and they should be stored in
kink-free coils of a diameter greater than the minimum bending diameter.

6.2.2 Make reference measurements (LSPM methods only)

The output power from the launch cord for each test wavelength shall be measured and shall
be recorded in an appropriate format.

6.2.3 Inspect and clean the ends of the fibres in the cabling

The ends of the cabling shall be free of contamination (e.g. dirt and dust) in accordance with
IEC 61300-3-35. If contamination is seen, the connector end face shall be cleaned using the
equipment and methods of 5.6.

6.2.4 Make the measurements
This is an iterative process for each fibre in the cabling including:

e attachment of individual fibres to the launch and receive or tail cords;
e completing the measurement at each wavelength;

e storing or recording the results.

NOTE For LSPM methods, the power meter and receive test cord may have to be moved to the far end of the
cabling or a second power meter and receive test cord may be used.

6.2.5 Make the calculations
Make the calculations to determine the difference between the reference measurement and

the test measurements and record the final result together with other information in
accordance with Clause 8.

6.3 Calibration

Power meters and OTDR equipment shall be calibrated in accordance with IEC 61315 and
IEC 61746, respectively.

The equipment used shall have a valid calibration certificate in accordance with the applicable
quality system for the period over which the testing is done.

6.4 Safety

All tests performed on optical fibore communication systems, or that use a laser or LED in a
test set, shall be carried out with the safety precautions in accordance with IEC 60825-2.

NOTE Light sources used for testing multimode fibre optic cabling will usually be Class 1 products and therefore
considered safe.

7 Calculations

The calculations for each method are given in the respective annexes.
Documents
Document Sharing Hub

Full document details: BS EN 61280-4-1:2009


http://www.avadocuments.com/doc/bs-en-61280-4-1-2009
http://www.avadocuments.com/doc/bs-en-61280-4-1-2009

BS EN 61280-4-1:2009
-18 - 61280-4-1 © IEC:2009(E)

8 Documentation

8.1 Information for each test
e Test procedure and method
e Measurement results including:
— Attenuation (dB)
o Reference power level (dBm) (LSPM methods only)

e OTDR trace(s) (OTDR method only, from both directions when bidirectional
measurements have been done)

— Wavelength (nm)

— Fibre type

— Termination location
— Fibre identifier

— Cable identifier

e Date of test.

8.2 Information to be available
e Details of the spectral characteristics of the light source
e Calibration records

e Information indicating compliance with the required launch condition in accordance with
5.2.3.

e Details of the test cords used for the measurements
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