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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
FIBRE OPTIC INTERCONNECTING DEVICES 

AND PASSIVE COMPONENTS –  
BASIC TEST AND MEASUREMENT PROCEDURES –  

 
Part 3-43: Examinations and measurements –  

Mode transfer function measurement for fibre optic sources 
 
 

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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. 

International Standard IEC 61300-3-43 has been prepared by subcommittee 86B: Fibre optic 
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics. 

This standard cancels and replaces IEC/PAS  61300-3-43, published in 2006. This first edition 
constitutes a technical revision. 

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

FDIS Report on voting 

86B/2780/FDIS 86B/2810/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. 
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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 maintenance result 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 standard may be issued at a later date. 
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FIBRE OPTIC INTERCONNECTING DEVICES 
AND PASSIVE COMPONENTS –  

BASIC TEST AND MEASUREMENT PROCEDURES –  
 

Part 3-43: Examinations and measurements –  
Mode transfer function measurement for fibre optic sources 

 
 
 

1 Scope 

This part of IEC 61300 describes the method for measuring the mode transfer function (MTF) 
to be used in characterising the launch conditions for measurements of attenuation and or 
return loss of multimode passive components. The MTF may be measured at the operational 
wavelengths. 

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 61300-1, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 1: General and guidance 

IEC 61300-3-4, Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 3-4: Examination and measurements – Attenuation 

IEC 60793-1-20, Optical fibres – Part 1-20: Measurement methods and test procedures – 
Fibre geometry 

3 General description 

The modal distribution launched into multimode fibre can vary widely with different light 
sources. This variation in launched modal distribution can result in significant differences in 
measured attenuation in the same component. The MTF test method gives information about 
the launched modal distribution (LMD) condition in a measured component. The MTF test 
method is based on a measurement of the near-field intensity distribution in the fibre [1], [2]1. 

4 Theory 

For a fibre with a power-law index profile n(r), given by, 
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where  
a is the fibre core radius; 

α is the profile factor (α = 2 for a parabolic profile); 
___________ 
1  Figures in square brackets refer to the Bibliography. 
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Δ is the relative index difference, given by 

 2
1

2
2

2
1

2n
nn −=Δ  (2) 

where 
n1 is the index at fibre centre; 
n2 is the  cladding index. 

The near-field intensity profile in the fibre I(r) may be determined from an integration of the 
mode transfer function MTF(δ) in the fibre, as follows (ignoring constants): 

 

( )
∫
Δ

Δ

×=
α

δδ

a
r

dMTFrI )()(  (3) 

where 

δ is the normalised propagation constant; 
r/a is the normalised radial position. 

Differentiating both sides gives the MTF as follows (ignoring constants): 

 
( )αδ

α
δ

a
rrdr

rdIMTF
Δ=

− ⎥
⎦

⎤
⎢
⎣

⎡
×=

1
1)()(  (4) 

The MTF is usually plotted as in terms of the principal mode number m divided by the 
maximum principal mode number M, where  
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The term (m/M) is usually referred to as the relative mode number, or the normalised mode 
number. 

The maximum principle mode number M, is given by 

 Δ⎟
⎠
⎞
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⎝
⎛

+
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α
α anM 2

2
1  (6) 

A typical normalised MTF plot is shown in Figure 1, where it can be seen, in this example, 
that normalised mode numbers up to about 0,6 are equally filled and higher order modes are 
progressively less well-filled. 
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Figure 1 – Example of normalised MTF 

4.1 Alternative method 

If the profile factor, α, in Equation (4) is not known, then an alternative expression for MTF 
can be used. 

It is known[ 3] that in a fully-filled fibre (i.e. MTF=1 for all mode numbers) the near-field 
intensity profile, Io, is approximately the same shape as the square of the refractive index 
profile, n(r)2. Furthermore, the term rα-1 Equation (4) is equal (ignoring constants) to the 
differential of n(r)2 and so Equation(4) can be rewritten as: 
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where a value of α=2 has been assumed in order to compute values for the normalised mode 
number. 

Thus the MTF is equal to the ratio of the derivative of the intensity profile under test to the 
derivative of the intensity profile of the same fibre under fully-filled conditions. 

4.2 Mode power distribution 

For graded index multimode fibre the number of discrete modes in a particular mode group is 
proportional to the principal mode number. Thus higher-order mode groups contain more 
modes and therefore will carry more light if all the modes are equally excited. This can be 
represented by the mode power distribution (MPD), defined as: 

 mmMTFmMPD ×= )()(  (8) 

Because of this relationship of modes within mode groups, the MPD transform effectively 
displays the relative power in the mode groups. 

An example of a normalised MPD is shown in Figure 2, where it can be seen, in this case,  
that the peak power level occurs around 0,65 normalised mode number. 
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Figure 2 – Example of normalised MPD 

4.3 Constraints 

The MTF measurement method described herein is only valid under certain conditions, as 
follows: 

• modes within a mode group carry the same power; 

• there are random phases between the propagating modes. 

It has been found[4] that both these conditions can be simultaneously met if the line-width Δλ 
of the source is sufficiently broad, leading to the so-called "mode-continuum approximation", 
given by: 

 
Na ××

Δ≥Δ

0

2
kλ

λ  (10) 

where 

λ  is the optical wavelength; 

k0  = 2π/λ; 
N is the group index, given by 

 
λ

λ
d
dn

nN 1
1 ×−=  (11) 

Typically, for a 50 μm core diameter fibre, with 0,21 numerical aperture, then Δλ > 0,5 nm at 
850 nm and Δλ > 1,0 nm at 1 300 nm satisfy this condition. 

If the source line-width does not meet this criterion then interference between propagating 
modes may take place, resulting in "speckle" in the near-field image. The method can, 
however, still be applied to such sources by gently shaking, or somehow agitating, the fibre 
under test so as to cause a temporal averaging of the speckle pattern. In this case, it is 
important to ensure the near-field is azimuthally symmetric. This can be achieved by checking 
that the MTFs measured at 45° intervals around the fibre coincide with each other[5]. 

• The peak of the MPD occurs at a normalised mode number of <0,8. 
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It is known that deviation of the measured near-field intensity profile I(r) from the power law 
profile in Equation (1), for fibres that are well-filled, may occur towards the core/cladding 
boundary. It is recommended that, in this case, the alternative method for the determination of 
MTF described in  4.1 is employed. 

5 Apparatus 

5.1 General 

The apparatus is essentially a video microscope where a near-field image of the end of the 
fibre under test is formed on the surface of a camera by an optical system. The camera image 
is then digitised by a video digitiser and transferred to a computer for analysis and data 
presentation. 

A schematic of a typical measurement configuration is shown in Figure 3. 
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Figure 3 – Schematic of measurement apparatus 

5.2 Test sample 

The test sample consists of a multimode patch cord attached to a light source. It should be 
recognised that the mode distribution at the output of the patch cord is a product of both the 
launch conditions of the source and of the patch cord itself. The resultant MTF is therefore not 
a parameter of either the light source or the patch cord individually but rather of the 
combination, including the particular conditions under which the patch cord is disposed, such 
as bend radius. 

5.3 Sample positioning device 

A positioning device is required to ensure that the end of the patch cord under test is located 
on the optical axis of the instrument and also in the correct axial position to give a well-
focussed image on the camera. For this purpose, an XYZ manipulation stage may be used or, 
preferably, a suitable connector receptacle mounted axially with the optics. An example is a 
standard 2,5 mm ferrule receptacle which is able to accommodate several connector types, 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 61300-3-43:2009
https://standards.iteh.ai/catalog/standards/sist/5f3c53ec-d07e-490c-8adc-

ab9a88d46092/iec-61300-3-43-2009


	ùÞå =7ðˇ�Ç6]x’À®Pš`W}ÕðZgÖ_í	ß#¨Vrdﬂi¢�Qk7ºà��UÌaÝ«uoï„‹T©Št+pp ä¬Öî�U~¨−õq”ñÅÆJ•5tÞ

