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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES –  

 
Part 11: Multimode launch conditions 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, 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 IEC Publication or any other IEC 
Publications.  

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC 61282-11, which is a technical report, has been prepared by subcommittee 86C: Fibre 
optic systems and active devices, of IEC technical committee 86: Fibre optics. 

This publication contains an attached file titled, “Supplemental Data for Section 8”, in the form 
of an Excel Spreadsheet. This file is intended to be used as a complement and does not form 
an integral part of the standard. 

PD IEC/TR 61282-11:2012

Full document details: PD IEC/TR 61282-11:2012

http://www.avadocuments.com/doc/pd-iec-tr-61282-11-2012
http://www.avadocuments.com/doc/pd-iec-tr-61282-11-2012


TR 61282-11  IEC:2012(E) – 5 – 

The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

86C/1004/DTR 86C/1038/RVC 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

A bilingual version of this publication may be issued at a later date. 
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INTRODUCTION 

At the meeting of IEC TC86 and its subcommittees and working groups at Cape Town in 2005, 
there were numerous discussions regarding the accuracy of attenuation measurements on 
multimode fibres, cables, passive components and installed cabling. Liaisons had also been 
received from ISO/IEC JTC SC25 WG3 that reported on the development of ISO/IEC14763-3 
for testing fibre optic cabling in premises cabling. This standard used a mode power 
distribution template in an attempt to control the launch conditions to improve measurement 
accuracy and reduce uncertainty when testing the attenuation of multimode fibre optic cabling. 

It was decided to set up a “Multimode Launch Co-ordinating Group” referred to as MMLCG. 
This would be set up directly reporting to TC86 and include representatives from interested 
persons in Subcommittees 86A, 86B and 86C as well as ISO/IEC JTC1 SC25 WG3. The 
scope of this group was defined as: 

“To coordinate the harmonization of the variety of multimode modal launch conditions that 
exist within the documents being prepared and published by the subcommittees of TC86 for 
the purpose of attenuation and return loss measurements.” 

The intent of this technical report is to keep available the key technical aspects issued by the 
MMLCG.  
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FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES –  
 

Part 11: Multimode launch conditions 
 
 
 

1 Scope 

This technical report is intended to show the background of encircled flux for the 
characterisation of multimode launch conditions. This includes the selection of the encircled 
flux and the definition of the encircled flux requirements in conjunction with the implied 
variation in attenuation measurements.  

2 Normative references 

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

IEC 61280-1-4:2009, Fibre optic communication subsystem test procedures – Part 1-4: 
General communication subsystems – Light source encircled flux measurement method  

IEC 61280-4-1:2009, Fibre optic communication subsystem test procedures – Part 4-1: 
Installed cable plant – Multimode attenuation measurement 

IEC 62614:2010, Fibre optics – Launch condition requirements for measuring multimode 
attenuation 

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

3 Terms and definitions 

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

  3.1
coupled power ratio  
CPR  
difference, expressed in dB, between the power exiting a multimode fibre and the power 
exiting a single-mode fibre concatenated to the same multimode fibre with the same launching 
conditions 

NOTE TO ENTRY: See also Annex A. 

[SOURCE: IEC 62614:2010] 

  3.2
differential mode attenuation  
DMA  
variation in attenuation among the propagating modes of a multimode optical fibre 
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  3.3
encircled flux  
EF 
fraction of the radial-weighted cumulative near field power to the total radial-weighted output 
power as a function of radial distance from the optical centre of the core 

[SOURCE: IEC 61280-1-4:2009] 

  3.4
mode power distribution  
MPD 
relative mode power in each of the mode groups of a multimode fibre, often shown graphically 

  3.5
overfilled launch  
OFL 
controlled launch where all modes of the fibre are ideally excited with the same optical power 

  3.6
relative power distribution  
RPD 
metric used to determine launch conditions in terms that are relative to a light source’s overall 
launched power 

4 Background 

When launched into multimode fibre, LED and laser sources used in measuring link 
attenuation may exhibit varying modal power distributions. These differing modal power 
distributions, combined with the differential mode attenuation (DMA) inherent in most 
multimode components, commonly cause measurement variations when measuring the 
attenuation. For example, attenuation measurement variations can occur when two similar 
light sources or different launch cords are used. For many legacy networking technology 
applications, the measurement uncertainty due to variation in launch conditions was not a 
large concern. The application requirements simply were not that demanding. Therefore, most 
standards that specified launch conditions for attenuation measurements did so with an 
understanding of the measurement uncertainty effect. As the technology has evolved, system 
requirements for attenuation have become more stringent. In turn, this has led to 
requirements for lower loss optical components, particularly fibre optic connectors and 
especially “reference grade terminations,” to be used on test cords, which should have a loss 
per connection of less than 0,1dB. Demanding application and component requirements are 
driving the need for more accurate and reproducible multimode attenuation measurements 
among a variety of field and factory test instruments. 

Attenuation measurement experiments using different field test instruments that meet existing 
launch prescriptions (i.e. those defined by coupled power ratio (CPR) and mandrel wraps) 
have shown variations induced by their differing launch conditions, which are significant 
relative to the more stringent power budgets of applications running at 1 Gb per s or higher. 
To reduce this variation in measurements, this technical report reviews some launch condition 
options and recommendations for test instrument suppliers, component manufacturers and 
installers. 

5 Metrics for multimode launch conditions 

 General 5.1

The objective of the Multimode Launch Co-ordinating Group was to define limits on the near-
field of the source so the source induced variation of measured attenuation is within 10 % of 
the attenuation obtained when using the ideal source, which has to be defined. In other 
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words, to define quantitative requirements (a metric) based on near-field measurements so 
that the variation in attenuation values associated with these limits is known. 

 Coupled power ratio (CPR) 5.2

The measurement of the coupled power ratio is the first characterisation of the launch 
condition. It has been commonly used. This is the measurement of the ratio of the total power 
from a multimode fibre to the power measured when a single mode fibre is coupled to the 
multimode fibre. 

Annex B provides details on CPR evaluation.  

It has been demonstrated by mathematical analysis of the CPR characteristic that the CPR 
cannot be used to regulate the source power distribution at large radii. 

 Mode power distribution / relative power distribution (MPD/RPD) 5.3

Limits on mode power distribution were tentatively introduced to improve the CPR metric.  

The mode power distribution metric (MPD) was defined based on the measurement of near 
field intensity I(x). 

The mode transfer function is first defined by 

 ( ) ( )
( )

δδ
δ

drI
r
∫
∆

= MTF  and ( )
α

δ 





∆=

a
rr   (1) 

where 

a  is the fibre radius 

α  is the profile factor 

∆  is the relative index difference  

The mode power distribution (MPD) is then calculated 

 ( ) ( )mmm ′′=′ MTFMPD  and 





 +


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

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M
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where 

M  is the total number of modes 
m  is the discrete mode group number   

Limits on the MPD function were defined but it has not been possible to associate these limits 
to a variation of the attenuation.  

The RPD is very similar to Formula (1), but is written out as an integration in relative mode 
value, m’, or m’’. 

 ( ) ( )∫
′′

′′=′′
1
MTFRPD

m

mdmm  (3) 
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 Encircled flux (EF) 5.4

The encircled flux function EF(r) is defined from the near field measurement of the light 
coming from the end of the test cord  

 ( )
( )

( )∫

∫
=

R

r

dxxxI

dxxxI

rEF

0

0  (4) 

where 

I(x) is the near field intensity. 

The function is then compared to the radial bound requirements that were defined with the 
aim of maintaining uncertainties attached to launch conditions below 10 %. 

The encircled flux target is defined in IEC 62614:2010. 

The encircled flux limits around this target are defined for installed fibre optic cabling in 
IEC 61280-4-1:2009. Currently, the same limits have also been applied for testing connectors, 
although it is recognised that tighter limits may be desirable as encircled flux measurement 
capability improves, in order to maintain a 10 % variation in insertion loss for lower loss 
components such as individual connectors. 

The requirements for the measurement and the process details are defined by IEC 61280-1-
4:2009. The calibration procedure is given in IEC 61745. 

Clause 7 details theory and assumption for the radial bound requirements. 

6 Uncertainties 

 General 6.1

Any measurement should be associated with the appropriate evaluation of the uncertainties. 
ISO/IEC Guide 98-3, also known as the GUM (Guide to the expression of uncertainty in 
measurement), provides all necessary information for this evaluation. 

This part of the technical report provides a simplified analysis of the link attenuation 
measurement using the three cords method (See IEC 61280-4-1:2009, Annex C). 

 Measurement model and uncertainties 6.2

The measured value of the attenuation is determined from two power level measurements P1 
and P2. The attenuation, L, is given by the following formula  

 ( )2110 /log10 PPL =  (dB)  (5) 

The measurement uncertainty of insertion loss, L, can be calculated from the contribution of 
each contributing element using the standard formula for accumulation of the uncertainties 

 2
rand

2
ref

2
setup)( uuuLu ++=  (6) 

where 
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