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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES -

Part 11: Multimode launch conditions

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object /6f 1k is to_ pflomote
rnational co-operation on all questions concerning standardization in the electricall and elestrofic fielfs. To
tions,
“IEC
Fested
non-
losely
ined by

tional
bm  all

tional
bf IEC
r any

es”undertake to apply IEC Publidations
and regional publications. Any divergence
gional publication shall be clearly indicated in

Nndependent certification bodies provide conformity
to IEC Jmarks of conformity. IEC is not responsible fpr any

enfployees, servants or agents including individual experfs and
C IMational Committees for any personal injury, property dampge or
vhether direct or indirect, or for costs (including legal fee$) and
se of, or reliance upon, this IEC Publication or any othgr IEC

iveyreferences cited in this publication. Use of the referenced publications is

e possibility that some of the elements of this IEC Publication may be the subject of

CAechnical committees is to prepare International Standards. Howeyer, a
icallccommittee may propose the publication of a technical report when it has coll¢cted
data jof<a different kind from that which is normally published as an International Standarf, for

nla'ctata of thao ort"
C—otatC— o rre—atrt—

Ly =)

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.
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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 remai
the gtability date indicated on the IEC web site under "http://websto
relat¢d to the specific publication. At this date, the publication will be

g¢confirmed,

* wjithdrawn,

¢placed by a revised edition, or
* amended.

—

—

A bilingual version of this publication may be issued 4

&

until
data
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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 | aunch Co-ordinating Group” referred to as MM| CG.
This |would be set up directly reporting to TC86 and include representatives from intergsted
persgns in Subcommittees 86A, 86B and 86C as well as ISO/IEC JT( C25 WG3/| The
scope of this group was defined as:

“To g¢oordinate the harmonization of the variety of multimode modal GON q that
exist|within the documents being prepared and published by Cg6 for
the purpose of attenuation and return loss measurements.”

The intent of this technical report is to keep available i spects issued bly the

@®
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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

chargcterisation of multimode launch conditions. This includes the selection of the encircled
flux gnd the definition of the encircled flux requirements in conjuncti i plied
variafion in attenuation measurements.

2 Normative references

The following documents, in whole or in part, are normativeklyef N [ t and
are indispensable for its application. For dated references i . For
undated references, the Ilatest edition of the any
amendments) applies.

IEC ¢ procedures — Part| 1-4:
Gengral communication subsystems \Li & \ Theasurement method

IEC ¢ stem test procedures — Part| 4-1
Insta

IEC 62614:2010, Fibre op requirements for measuring multimode
attenjuation

IEC 1745, En i netry
test gets

3 1

For t

3.1

coup

CPR

difference, expressed in dB, between the power exiting a multimode fibre and the power
exiting-a—sirgle-rmode-fibre-concatenratedto-the-same-muttimoedefibre—with-the-sametaunrthing
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

relativemode powermeachof themodegroups of amuttimodefibre; oftemrstowmrgraptrically

3.5
overfilled launch
OFL

contrplled launch where all modes of the fibre are ideally excited wer

3.6
relat|jve power distribution
RPD

metric used to determine launch conditions in terms
launghed power

erall

4 Background

When launched sources used in measuring link
attenuation may exhibit i 3 istributions. These differing modal power
distriputions, combined 4wi i i attenuation (DMA) inherent in [most
multimode components 3 Jal) measurement variations when measurind the
attenuati t i ; =t

light
applig
large
stand
unde
requi
requi
espegi
per d
drivin
amor

have shown varlatlons mduced by their dlfferlng Iaunch condltlons WhICh are S|gn|f|cant
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

5.1 General

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.

5.2 Coupled power ratio (CPR)

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 charactg CPR
cannpt be used to regulate the source power distribution at large radii.

5.3 | Mode power distribution / relative power distribution (MP

Limits on mode power distribution were tentatively introduced to\improve

The mode power distribution metric (MPD) was defin N\ the meagsurement of|near
field |ntensity I(x).

The mode transfer function is first defing
(1)
wherg

a is the fibre radjus
a is the profile o)

A i the relative j

The fnode po § then calculated

D(m') = MTF(m')m’ and ’"':%:(%Nz;—aa) )

wherg

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”.

]
RPD(m") = j MTF(m' )dm' (3)


https://iecnorm.com/api/?name=85a914f3f718b3e00638de42494f3153

-10 - TR 61282-11 © IEC:2012(E)

5.4 Encircled flux (EF)

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

xI (x )dx

.
_0
EF(r)=3 (4)
le(x)dx
0

wherp
I(x) i$ the near field intensity.
The ith the
aim ¢
The ¢ncircled flux target is defined in IEC 62614:2010.
The ng in
IEC ¢ tors,
altho ' circled flux measurement
capa i loss
comg
The B0-1-
4:20(
Clauge 7 details theor
6 Uncertaintie;
6.1 | General
Any hties.
ISO/IEC ty in
meagurem
This | part of\-the~technical report provides a simplified analysis of the link attenuation
meagurement using the three cords method (See IEC 61280-4-1:2009, Annex C).

6.2 —Measurement model and uncertainties

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

L=10logy(P;/P;) (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 2 2
“(L):\/”setup U Uy (6)

where
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usetup 1 the uncertainty due to the setup (source, environment ...) (see 6.3)
Upef is the uncertainty of the power meter (see 6.4)

uang 1S the uncertainty due to the fibre manipulation and to launch conditions (see 6.5)
6.3 Uncertainty due to the setup
The following uncertainties may come from the setup

a) uncertainty due to the source power instability (e.g. the variation of the output power
versus time and environment)

b) s and

e V|ronment
c) re¢action of the source to the variations of back-reflections

Uncelrtainty values should be available from the source documentatj

6.4 | Uncertainty due to the power meter

The Wincertainties related to the power meter are mostly

a) npn-linearity of the power meter
b) djsplay resolution
c) all random uncertainties associated

Uncerrtainty values should be available fi

Note[that the absolute uncertainty of the pgwe : i | This
is bgcause the insertion f0ss i i , i P,
meagured using the same pow ' y

The pbsolute calibrati e \pawenmeter is expressed by a correction factof, Cf,
which should be ' 3

(7)

Pread, | Cf x Pread,)=101log,,(Pread, / Pread,) (dB) (8)

For the same reasow,
meaqurement.

the wavelength dependence of the power meter does not impadgt the

6.5 Random uncertainties
6.5.1 Uncertainty due to fibre manipulation

Fibre manipulations generate some random variations of the connector’s loss.

The amplitude of such variations can be estimated using more than 10 repeated
measurements of the reference power, Py, associated with repeated connection and
disconnection of the substitution cord. Then the estimation of the uncertainty, Umanip: is
provided by the following calculation process.

First, calculate the arithmetic mean of the power 13;
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— 1 n
P=—> P (9)
=
Then calculate the experimental standard deviation:
172
1 m
SWPEA:[mg ymean :| (10)
wherp
P id the arithmetic mean of the reference power;
P afe the measurements of the reference power;
n i the number of measurements.
The dincertainty, umapip, is the experimental standard deviatj
(11)

6.5.2

The T/n
relative to the loss measured by a soyrce

the 14

For €
be w
than

thin £ 10 % for lo

Figune 1 provides
wavelengths andf

than

ed to
d less

ifferent
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0,50 /
0,45
Variance 850 nm 50 mm /
0,40
. === Variance 1 300 nm 50 mm /
@ 035
° == e= \/ariance 850 nm 62,5 mm /
8 030
8 eeecee \ariance 1 300 nm 62,5 mm
L pos
b
727/12
NOTE ber of
conne Ftainty
should
6.6
Tablg
/\(\
Uncertaint)é:o}s\}aqerh\ \ /
Light sgﬁ?oe\s\@bihy 0,03 dB K=2
Li)qh.&sé\rce &%%ect}\( stM 0,03 dB maximum
er lighf\sauxce.instability 0,005 dB maximum
Guver m‘&i\ )}
Powekfreter Tedfity 0,04 dB K=2
Power meter resolution 0,001 dB maximum
Uncertainty of manipulation 0,08 dB K=1
Uncertainty attached to LC 0,2 dB 2 dB attenuation
Value
Source Units | Distribution Uora Divisor u; (ui,ci)2
Light source stability dB Normal 6,932 x 1093 | 2,0000 | 3,466 x 1093 | 1,20 x 1095
Light source connector stability dB Rectangular |6,932 x 10793 | 1,7321 | 4,002 x 107%% | 1,60 x 1070°
Other light source instability dB Rectangular | 1,152 x 1093 | 1,7321 | 6,651 x 10704 | 4,42 x 10°%7
Sum 2,85 x 10705
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Value
Source Units | Distribution Uora Divisor u; (ui,ci)2
Power meter linearity dB Normal 9,253 x 10793 | 2,0000 | 4,626 x 10703 | 2,14 x 1095
Power meter resolution dB Rectangular |2,303 x 1094 | 1,7321 | 1,330 x 1074 | 1,77 x 10708
Sum 2,14 x 10705
Value
Source Units | Distribution Uora Divisor u; (ui,ci)2
Uncertainty of the manipulation dB Normal 1,859 x 1092 | 1,0000 | 1,859 x 1092 | 3,46 x 10704
Uncertainty attached to LC dB Rectangular |4,713 x 1092 | 1,7321 | 2,721 x /—9% 7,40 X104
Sum 3:09)x 1003
/\\ AN
Combined standard uncertalnm\)\ 3}%10'02
Expanded uncertainty, U—ky@) with 1& %74 x 10702
Expanded uncertainty e&sédln\d\i\ X 0,28

NOTE

colump of the table are converted from the “dB'va

7 E
7.1
The

indiv

Lagu
rectil

NOTE
yield
attenu

The i

a | i ar
degrat the top

values, so the values in the

@

alue”

pptical field intengi
dual modes whic
the purposes of th
profile is used.
erre-Gauss

e is comprised of a number of discrete
refractive index profile and wavelength|. For
bola model assumption for the refractive {ndex
that have been variously reported [4, 5]1 as
oordinates, (r,0) or Hermite-Gauss polynomials in

parabolic nor circular. However, the simplified theory has been folind to
e effects of launching cord near field variations to variance in megsured

n2(r)=n2,[1-22R2) (12)
where
nco _nSiO

A= e =

co a
nZ, is the refractive index at the core centre
ng,, is the refractive index of the cladding
a is the core edge (um)
r is the radius (um)

1 Figures in square brackets refer to the Bibliography.
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The parameters, V and &, which are combinations of these parameters along with wavelength,
A, are used in the calculations

£ (13)

a

V = kan,, (2A)1/2 &=

where

k=2rlA

Ais inthe same units as a

dual modes are
ber’of ode

The modes combine into mode groups that are indexed by g. The i
indexed either (/,n) for Laguerre-Gauss or (p,q) for Hermite-Gauss. The
groups, nyg, is V/2.

The lLaguerre-Gauss mode fields are given as

w1 (r0) = () Lot (e ) Jexol- (- (14)

wherg

L() is|the Laguerre polynomial
®(0)|s either sin(l0) or cos(l6)

The mode field is scaled fo i 40 =1. The mode group number) g, is
giver 3 for each [,n permutation.

The |

A, (v¢) epoxg” yé)] } (15)

wher
h() it

the mjode group, given by g=p+gq+1,

b 5
and the mode Is scaled for unit power J (x§) exp (xg) = Jdx =1.

It is assumed that the modes within a mode group exchange power within a few metres of
propagation, which results in equal power for all the modes within a group. In addition, it is
assumed that all modes act as uncorrelated sources. This allows a reduction of the number of
terms to the number of mode groups, each defined as the sum of squares of the mode field
eigenfunctions within the group.

NOTE Depending on the coherence of the source, these simplifying assumptions are not valid. However, the
simplified theory has been found to yield reasonable results on limiting the effects of launching cord near field
variations to variance in measured attenuation.

The mode group eigenfunctions (MGE) are given as
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20-1 Y feoe- T [yl

= (16)
g Ln:g=2n+l+1 0 p.q:p+q+i=g x2+y2Sr2
The near field is a linear combination, or weighted total, of the MGEs. That is
I(r): ng‘l’g(r) 17)
g
If th nmeal flc:d ;O IIUIIIIG:;LCd tU Ull;t tUtG: |JUVVUI, thcll thc SUTTI Uf thc VVU;yhtO ;O UTIC, dTl the
encirpled flux is
B
(18)

For gn ideal OFL launch, the weights are proportional to the e ber.

7.2

At co
modd
exch

The
mode

wher

Subd|

The

EF(r) = Z wngx‘Pg (x)dx

0

of the output weights. The attenuation is -10log4q of the o
\power. When the input power is normalized to one, the attenu

h the
5 not

input

(19)

utput
ation
h the

(20)

powe
is se simpty to the vector product of the column sum of the C matrix wit
input
S
Bour =1 Cwy
where
17 is the transpose of a vector of ones.

As the input weights are varied, the output power and attenuation will change depending on
the characteristics of the coupling matrix.

For a concatenation of connections, the coupling matrix is determined for each connection.
These are then multiplied together in series to yield a combined coupling matrix.

The target near field is expressed as a target set of input weights that yields the target
encircled flux and a target output power for each of a number of assumed concatenations of
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lateral offset connections. Each such concatenation results in a different coupling matrix and
a different output power response to alternative weights.

The objective to limit the variation in attenuation to within +10 % of the target attenuation
leads to output power limits for each assumed concatenation. These limits lead to an ability to
determine whether a set of alternative weights will meet the requirement for all
concatenations. This could be done by inserting the alternative weights into Formula (8) for
each concatenation and comparing the results to the defined limits. This would, however,
entail a determination of weights for a given near field, which is non-trivial.

An alternative based on linear programming leads to the encircled flux template. The
compfination of the assumed coupling matrices and output power limits form _a system ofJ‘near
|

consfraints. Any set of weights (summing to one) will also yield an encirgled Thux curve’using
Formlula (7), which is also a linear combination. For each of a finite nuf ues,
the encircled flux is either maximized or minimized with respect to the a , gight$ and
the cpnstraint set. These extrema, plotted versus radius, form the efcirs

The ¢onstraint set is augmented by also posing constraints th ) i must
each|be within +75 % of the target weights. These additiona t the

concatenations that are not covered by the assumpti . Thi S d the
shapg constraint.

The constraints used involve both a’t i ction
concatenation. For each, four commor_la , 3 um, 4 um and 5 um are
appligd to yield a total of eight power cons

By varying the constraints in the investig

e Ak the number of goncatenati > S rcled
flux limits at lower ray - §

e Adding smal s with fewer. concatepations tightens the encircled flux limits at the
pper radial valyé

u
e The target weight ¢led flux are substantially overfilling compared tp the
sleady state neanfie i ith any of the concatenations.

They| evolved from a goncatenation experiment in which the near fields seemed to stabilize.
Following.this, the folflowing main observations were made:

e Theiresults were very close to the upper limit of the 10 Gb per s Ethernet limjt for
transmitters, which means that using it would be conservative; i.e. if the cabling ‘passed’
when tested using this metric then it would be certain to support 10Gb per s Ethernet.

e The results were very close to an OFL followed by an 18 mm to 20 mm mandrel with five
turns. This is close to what had been defined in some standards as the requirement for
testing in premises cabling.

The DMA function from a 20 mm mandrel with five turns and lit with an OFL was determined
by fitting the measurement data to the Laguerre-Gauss model and comparing the weights
from the OFL to the weights from OFL plus mandrel. This allowed an identification of the form
of the DMA function, which was then adjusted slightly to obtain a better agreement with the
original target. This was done to generate a target near field with the tails intact. The tails had
been truncated in the original data.
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This was effected before the coupling matrix calculations were revisited. The creation of
coupling matrices allowed a different way to define weights that

is based on a theoretical concatenation of offsets lit with OFL
is in good agreement with the weights derived empirically
allows a determination and comparison with steady-state weights

allows a calculation of a physically possible encircled flux curve that corresponds with the
outside of the range of expected transmitters.

NOTE Steady state weights depend on the coupling matrix and are such that the output weights are proportional
to the inpllf \Alﬁighfc

Figure 2 shows the comparison.
MPD comparison (2,10 um fibre offset component) <\ x
0,10 : . : : : \>

A finst concatenati

0,08

0,06

0,04

Normalizea MPD

irical yveights
b ‘Nterations from OFL T s AN
A\ Steady state

0,02

8 10 12 14 16 18 20

Mode group number
IEC 728/

N

Figure 2 — Comparison of target weights

-based target was defined with a concatenation of seven o¢ffset

conngctions” of 2,1 um lit with OFL. After study and consideration of the resultant encircled

flux

curves, it was decided to further adjust the target to a slightly more filled state |by a

definifion based on a concatenation of seven offset connections of 2,0 um Nt with OFL.

Some of the other features of the 50 um optical fibre, 850 nm target are as follows

Several LEDs have been observed to result in a passing encircled flux with no mandrel or
other conditioning. They are naturally underfilling, but not too underfilling. This also gives
an indication that the target launch tends to simulate the output of these devices.

The theoretical coupled power ratio with a 6 um single-mode optical fibre is 21,5 dB.

The incremental attenuation induced by adding connections at different points in the link is
a strong function of link location when OFL is used as the source. With the target launch,
this dependence is much reduced. This means that if the target launch were used for
single connectors, the attenuation values would be applicable to the incremental
attenuation of links into which they are placed — more or less independently of placement.
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e Variance in the measured connector attenuation due to lateral offset variations can be
essentially eliminated by using a substantially underfilled source such as VCSELs. The
launch can be so restricted that the light does not have any power in the attenuating
region. This type of launch would fail to discriminate between different levels of offset that
are of interest. The target launch does allow discrimination between such offsets.

These last two points are illustrated in Figure 3 and Figure 4.

Incremental power loss for lateral offset component links (OFL launch condition)

Herementar

4

. a | AN
0 \4> 5 6 7 8
mbex.ofs~ecomponents in link

IEC 729/

N
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Incremental power loss for lateral offset component links (target launch condition)

0,8

06 L ,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, ,,,,,,,, O 5 um offset
‘ ‘ : : : o 4 um offset

12(E)

0,2 4

7 i 7
i i i
1 2 3

are derived from the coupling matn
h concatenations of \ : g difference is that the number of m

ent.
arget weight; 6

functions that are defined in 7.1. The calculations are essentially overlap integrg

IEG 730/12

x for
odes

itlon is

on a

ibn of

of a
turn

desig

transmltted mode f|eld W|th each receiving mode fleld The transmlttmg mode<

with p and ¢. The Iateral offset is de3|gnated W|th the varlable d

For each combination of all possible values of the mode indices, calculate the overlap
integrals

[Sole o]

Spgrs @)= [ [¥ gyl (v —d,y)yax

—00 —00

(21)

The separability of the x and y parts of the Hermite-Gauss formulation allows the integration to
be done for the y components independently from the x components.
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The rows of the coupling matrix correspond to the receiving mode groups and are labelled
with i. The columns of the coupling matrix correspond to the transmitting optical fibre mode
groups and are labelled with j. The elements, c; jare given as sums of squares of the &

values. The p, ¢ indices resulting in receiving mode group i are summed into the rows ang the
r, s indices resulting in transmitted mode group j are summed into the columns:

Ci,j:l. Z Z D.g.1,S (22)

J Pq:prq+1=i rsir+s+1=j

The parameters describing the two optical fibres may be different which can result in different
eigemodes and numbers of mode groups for the transmitting and receiving-aptical fibres|

For the coupling matrices used in the definition of the target weigh{s and~ limit
consfraints, the core radius parameter, a (see Formula (1)), is 25 ‘ ptical
fibre |and 31,25 um for 62,5 um core optical fibre. The delta para and
0,019 for the two optical fibre sizes, respectively. The value the trefractive mdex of
silical is 1,452 498 2.

8 \Wavelength bias correction to EF targets/li
ources

8.1 General

Experimental results indicating a bias et were
demagnstrated. As a result, there was - i rgets

The gonclusion was that if i R\larget sing LEDs, one would obtain attenuation

valugs larger than if ie” source. The effect seen was larger, |as a
percgntage, for lower a i it an for higher attenuation conditions. Howgever,
the ipcrease wg:& in_the\values ealculated for 1 300 nm. For 62,5 um fibrg, the
oppopite relationsHip encombined effect would produce biases. This sdction

provides the approa d rog a bias correction to the EF target/limits with spedtrally
broad sources.

8.2 | Modifie

The Her 3 ptions and fibre parameters documented in Clause 7 are used.

Sincg¢ the caleulationg” can be done for only one discrete wavelength at a time, it has |been
assumed(that the spectrum is comprised of 19 individual wavelengths. The spectrum, S()), is
assumédto follow the raised cosine with parameter, W (FWHM), as

S(4)= cosz([%)M] (23)

w

The stopping points are at A-Lg = = 0,9 W. The spectral power values are normalized so the
sum is one before application to the other aspects of modal power.

For 850 nm sources, the width is 50 um FWHM. For 1 300 nm sources, the width is 120 nm
FWHM. These widths correspond to approximately the midpoint of the current allowed ranges.

The launch for each wavelength is initiated with an ideal theoretical OFL that is subsequently
filtered by application of multiple offset connections. A common set of connections is used for
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each wavelength, but the effects vary from wavelength to wavelength because the number of
mode groups and mode field shapes change with wavelength.

The launches are adjusted by changing the number of offset connections and the magnitude
of the offsets that are used. For all cases, common offset magnitudes are used for all
connections used in a given launch. This allows the calculation of a single mode group
coupling matrix for a given offset magnitude at each wavelength. Combining these in a
number of concatenations is therefore simplified and yields a set of nineteen mode group
weights for a given launch.

The mode group coupling matrices are done with overlap integrals of the offset mode fields.

Thesk integrals are done with Gaussian quadrature and have been independently verified.
Similprly, the DMA function of the conditions evaluated for attenuati each
discrete wavelength. The dot product of the mode group weight af jiven
wavelength yields the output power for the wavelength. The spectr utput
powdrs yields the total output power which is evaluated for atten
Application of the mode group weights to the encircled f with
wavelength, yields an encircled flux for each wavelen m of
thesg EF functions yields the overall EF results
8.3 | Determining the EF targets
When the launching weights for each nting
“cabljng,” there is an output power for ea utput
power is used to compute the attenuation of the sab
A ramge of launch conditions\wgre evaluat he to
twenty concatenations Qf fro . For
the “¢abling,” one, two|o iiting
attenuation. The yaria [lows
calcylation of th
The launch that get for each condition is reported in Table 2 for 50 um
multimode fibre at 8 3 nm. Additional matrices are in the referenced Microsoft
Exce] file lab 2 Data for Section 8” including 62,5 ym multimode fibre.
cent\variation for best fit against target to derive adjustment
for encircled flux for 50 pm MMF
850 nm 1300 nm
tink Monochromatic Best fit: 850 LED target Best fit:
coneatenation target attenuation 1 concatenation attenuation 1.2
""""""""" (dB) (% diff) (dB) (% diff)
11 0,036 0 3,52 0,037 3 -14,69
21 0,069 6 2,34 0,071 2 -12,15
51 0,162 6 0,34 0,163 1 -8,84
1.2 0,110 7 1,16 0,112 0 -0,01
2.2 0,216 1 -0,49 0,215 1 -0,93
52 0,508 0 -1,77 0,499 0 -2,24
1.3 0,203 7 -0,91 0,201 9 3,73
2.3 0,404 4 -1,75 0,397 3 1,41
53 0,950 4 -1,9 0,932 4 -0,5
1.4 0,320 1 -1,77 0,314 5 1,53
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850 nm 1300 nm

Link Monochromatjc Best fit: ] 850 LED tz.zrget Best fit:

concatenation target attenuation 1 concat(_enatlon attenuation 1_2
(dB) (% diff) (dB) (% diff)

2.4 0,635 1 -2,02 0,622 2 -0,04

5 4 1,474 5 -1,52 1,452 1 -1,01

1.5 0,454 6 -2,11 0,445 0 0,6

2.5 0,896 1 -1,9 0,879 1 -0,49

55 2,0597 -1,07 2,037 6 -0,97

For 8§50 nm, the target is the current monochromatic target. For 1 3Q0 5 is the
output of the 850 nm target that is selected. The best fit target la : d on vdrious
criterfia. For 850 nm, the outcome of adding the dB difference to target | 7 Tlhese
form |the target attenuation for 1 300 nm. In Tables 3 and 4, thg adj G : bt for

both 850 nm and 1 300 nm of 50 ym multimode fibre is shown.

Table 3 — Encircled flux adjustment at 850/1&?‘1‘&\

Ehcircled flux 10 15/\\ / R \{0 22
Mg¢nochromatic 0,325 2 0840 0,0097 0,970 6
(target)
1 doncatenation 0,335 0 0,6 \/0,919 3 0,975 1
(fdjustment)
Table 4 — Enci lux a at 1 300 nm for 50 pym multimode fibre

m

hcircled flux / B 5 20 22

850 LED \ 9 0,647 7 0,9162 0,972 7
(target) A

1.2
(bajusimeny~_ \\%53 6 0,656 7 0,9186 0,972 8

The gelecte prdgduce a balanced set of differences to target for all cases.

8.4 | Determining the EF limits

Two pppfoaches to finding the EF limits using the exhaustive search approach can be lised.
These are distinguished by the risk emphasis.

a) If a launch passes all the attenuation variance requirements, enlarge the EF limits to
include it.

b) If a launch fails any attenuation variance requirement, shrink the EF limits to exclude
it.

Approach a) is essentially the rule that yielded the current monochromatic limits, since the
infinite 19 dimensional space can be explored using a simplex algorithm for each candidate
control radius. The approach can yield some “unphysical” results though, so the space was
further reduced by using the “shape constraint”.

One difference of the simplex versus the exhaustive search algorithm used for broad
spectrums is that the exhaustive search does not actually explore the whole of the huge
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space that could be possible. For example, random offset connections or mandrels of various
bend radius and wraps could be envisioned.

A solution for the limits based on simplex could be used. This is done by making a
simultaneous solution to all the mode group weights for all wavelengths: Minimize or
maximize the spectrally weighted EF while staying within the spectrally weighted output power
limits (and maintain some shape factor constraint). However, this would not provide a final
answer that reflects the fact that there should be a certain correlation of the mode group
weights at one wavelength to the others.

Approach a) is essentially to _minimize the producer risk (instrument maker being the
prodiicer). If a launch is not ruled out by attenuation, it is allowed in EF. There are, in thelend,
launghes that pass the resultant EF that fail attenuation at some conditiong.

Appr If a
laund nerated
by th

Both rrow.
Even sles, a
third

Tablg i 6 ultimode fibre at 850 nm and 1
300 hm. Recall that the tolerance thréshuld vn in

Tabld

or 50 ym multimode
360 nm

1300 nm
EF [radius EF (mint \/T\?\(t\argéq \E{(max) EF (min) EF (target) EF (mhx)

10 3232 2| <0330 \| \93612 0,322 6 0,336 6 0,360

15 0,63{7 o,¥5\5j\ 0,684 1 0,636 5 0,656 7 0,683

20 @1\\%\ \ B,\fgg 3 > 0,928 1 0,908 5 0,918 6 0,929

Qg
22 o,b@g ?\ \&375 7 0,991 1 0,966 4 0,972 8 0,979

WIN| ]| O

For fhe cas ibre at 850 nm, the “rounding rules” were used to enlarg¢ the
attenuation vari its in order to get wider EF limits. This results in some maximum per
cent deviations from™target near £10,5 %.

8.5 L\alidatingthe EF limits

In order to validate the EF limits, one must determine launch combinations near the EF limits
to assess the effect on attenuation variance. Evaluation of the monochromatic case showed
that these conditions, just passing EF, yielded a significant number of cases where the design
value attenuation variance was exceeded.

There are two reasons for this:

a) use of selection rule a), producer risk
b) reduction of the number of control radii to the handful currently used.
Within the range of measurement capability, defined at 22 um for 50 um, 850 nm, adding

control radii did not significantly limit the attenuation variance. This implies that a main source
of risk is using rule a).
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The approach to assessing the risks is to re-generate the whole range of launches used in
finding the EF limits. For each launch, determine pass/fail on EF limits and then characterize

the attenuation variance.

The attenuation variance is characterized in three ways:

e max/min deviation and per cent deviation from target
e average deviation and per cent deviation from nearly failing EF

e per cent of launches failing attenuation but passing EF

Item g the
diffe have
valu 100
orb
Give gnitude
metri E.
The mber
of p D nm
and
The |imits for the maximum control rad f the
curr , the
g the

outpyt of the limit f|nd|ng routine produc 4 whereas the limits producin
NTH anual adjustment is done becaukse of
meas sk did Aot change appreciably.

risk f
The
exan

The §
pm fi

ySments. For 50 um fibre at 850 nnp, for
of those close to failing EF close to +10 %.

argets using monochromatic assumptions gn 50
ew exceptions, the apparent risk is worse. It seems

that gither the allote i y simplex is too large, or that the attenuation resgonse

to ER

using spectrally broad sources — or both.
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Annex A
(informative)

IEC international standards related to multimode launch conditions

A.1 Introduction

There are three main |IEC standards that define the multimode launch conditions. See

TablgA+-

Table A.1 — Standards for multimode launch conditi

Application Standard Alterna@e\t da&
Specification IEC 62614:2010 IE}Z’M@\@-\N\ZN
Measurement IEC 61280-1-4:2009
Calibration IEC 61745

A.2 | Specification

attenuation in passive components and
typed that are addressed include category A1a50
multimode fibres, as specified in IEC
850 pm and 1 300 nm.

IEC §1280-4-1:2009 is| .oo.

IEC 62614:2010 describes the launch con i Qu ed for measuring multinode

fibre

83 um)

H are

optic

cabling using multimo jition
inclufles Iaunch iti . An
inforgative annex\pfoxi

A.3 | Measure

IEC 6128 urce.
Encincletfluxyi neasure as a function of radius, of the fraction of the total power radiating
from jJa multimod i

The |pbasie“approach’ is to collect 2D near field data using a calibrated camera, anpd to
mathnmatlcally convert the 2D data mto three normahzed funct|ons of radial dlstance from the

fibre’

Intensity has dimension optical power per area; incremental flux has dimension power per
differential of radius; and encircled flux has dimension total optical power, all three being

functions of radius.

In the second edition of IEC 61280-1-4:2009, several changes have been made to the

computation procedure

e The integration methodology of the radial functions was simple summation and is now

specified to use trapezoidal integration or other higher-order techniques;
e A baseline subtraction step is specified to improve immunity to DC drifts;
e The ring width parameter is explicitly specified;

e The integration limit is specified.
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A.4 Calibration

IEC 61745 defines the calibration procedure of the test set to be used for collecting the 2D
near field data; and, on a more general basis, defines a standard procedure for the calibration
of test sets for measuring the glass geometry of optical fibres.

@%
&
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Annex B
(informative)

Coupled power ratio measurement for fibre-optic sources

B.1 Introduction

In IEC 61280-4-1:2009, the annex concerning CPR has been removed.

Howelver, even if the characterisation of the multimode launch condition g
therg are still a huge number of documents using CPR.

The intent of this annex is only to maintain available the initial ann¢
It hag been reformatted in order add referenced text.

B.2 | Object

This jannex describes the procedure for determining 3 y of a light sour

meaguring its coupled power ratio (CPR), as defip

B.3 | Source

The light sources shall conform to th

cond|tions, unless otherwi i il sp |cat|on or other reference docum

e characteristics

Spectral width
nm, FWHM

30 to 60

100 to 140

a) Thedight source of B.3

sed,

:2003.

e by

they

b) A power meter capable of measuring relative optical power

c) Two test cords, between 1 m and 5 m long, with coatings that strip cladding light, having

connectors compatible with the light source and power meter

— Test cord 1 shall contain multimode fibre of the same nominal core diameter and
numerical aperture as the fibre of the cable plant to be tested. Connectors may be
single-mode grade with ferrule diameters fitted to the fibre outside diameter. (Note this

may be called a ‘reference grade termination.)

— Test cord 2 shall contain standard category B1.3 single-mode fibre for tests on
1 300 nm light sources and fibre which is single-moded at 850 nm for tests on 850 nm
light sources. Suggested specifications are MFD = 9,0 um £ 1 um for 1 300 nm tests,

and MFD = 5,0 um £ 0,5 um for 850 nm tests.

— The connectors on test cords 1 and 2 shall have losses less than or equal to 0,5 dB (at
850 nm and 1 300 nm), as measured in accordance with IEC 61300-3-4. Connectors
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which inhibit Fresnel reflections (for example, physical contact (PC) finish connectors)

are preferable.

B.5 Procedure

a)
multimode cord.

Measure the power coupled from the light source under test into test cord 1, the

b) Deploy the cord in such a way as to minimize changes in deployment which could affect
the modal power distribution and avoid bend radii less than 50 mm.

c) Leaving the multimode cord still connected to the light source, connect the single-mode
t f ngle-
mode cord. The single-mode cable shall be deployed with a hig filter.
Tlypically, a 30 mm diameter loop is sufficient for these purposes.

d) Ip cases where mechanical instability causes variations >0,5dB ccepsive
ppwer readings, reconnect the test cords to the light source five at| both
readings five times, then average the results.

e) Qalculate CPR as the difference in decibels (round to th etweep the
ppwer levels out of test cords 1 and 2.

f) Lpcate the value of CPR in Table B.2 or Table B elécting the line for

—

[

Table B.2 — Light source

categori
(850 nm wave{n\gt\h,

e fibre size under consideration.

Fibre size Category 1 Category Cate ry\3\ C}hegn(ry 4 Category 5
Overfilled Greatly underfilled
50/125 20 to 24 16 to 1 \:} 6 to 10,9 0to5,9
62,5/125 25 to 29 1to 7 t0 13,9 0to6,9
100/140 30[N\34 6 p\@ 10 to 17,9 01t0 9,9
Table = Li ce categorization by CPR value
1 300 nm wavelength, CPR values in decibels)
Fibre Size ategory\d ategory 2 Category 3 Category 4 Category 5
erfilled Greatly underfilled
O/N\Q? 1210159 | B8to 11,9 4107,9 0t03,9
62,55 1 t025 17 to 20,9 12 to 16,9 7 to 11,9 0to6,9
1004140 to 30 22t0 25,9 15 to 21,9 8 to 14,9 0to7,9



https://iecnorm.com/api/?name=85a914f3f718b3e00638de42494f3153

- 30 - TR 61282-11 © IEC:2012(E)

Annex C
(informative)

Limits on RPD and MPD

C.1 Introduction

With the publication of ISO/IEC 14763-3:2009, the annex concerning RPD and MPD limits will

be removed:

The |ntent of this annex is to maintain availability of the original anne /IEC
1476B3-3:2000. It has been reformatted in order accommodate reference

C.2 | Modal transfer function

The near field radiation pattern of the output end of a patCh_cord a shall
be measured according to the procedure defined in IE 2

The |[derivative of the near field with respect
Formlula (1) and Formula (3).

from

(C1)

The fesultant mode transfe v | the
modses, m.

A sample MTF i@w TheNpformation is normalised to display on vertical and
horizpntal scales

This jnformation ‘
that iis meanipgful_ te 3 rements while affording flexibility in meeting the requirements
with yarious lg i
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