IEC 61300-3-53:2015-02(en)

IEC IEC 61300-3-53

-]
®

INTERNATIONAL
STANDARD

Edition 1.0 2015-02

colour
inside
Fibre optic interconnecting devi and
meaturement procedures —
Part
mea ndex

multii

N V)
Ul 7
7/ ///// 1
i 777
/ A\ /1IN

, & |/


https://iecnorm.com/api/?name=d99317d70509bb283e62a7eb4df111c0

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2015 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC
The Intprnational Electrotechnical Commission (IEC) is the leading global organization th
Internatjonal Standards for all electrical, electronic and related technologies.

t prepares and piblishes

About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Ple ave the

hic and
30 000 terfms and
equivalent terfns in 15

Technicpl Specifications, Technical Reports and other v
own as the Intefnational

ts. Available for PC, Mac OS, Android Tablets and

The adyanced search enables to find IEC publicafions\by a i tries in

variety | of criteria (reference number, text, finitions
committee,...). It also gives information on projects, reglaced entries
and witildrawn publications TC 37,
IEC Just Published - webstore.iec.ch/justpublished

Stay up|to date on all new IEC pyb t|ons Ju wbli C
details fll new publications reledsed. aline idation or

also onde a month by email.

9,

need further assistance, please contact the Customer| Service
ehtre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=d99317d70509bb283e62a7eb4df111c0

IEC 61300-3-53

Edition 1.0 2015-02

INTERNATIONAL
STANDARD

colour
inside
Fibre optic interconnecting devices and pa and
measurement procedures —
Part|3-53: Examinations and me@g
mea ndex
mul
NS
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 33.180.20 ISBN 978-2-83222-240-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=d99317d70509bb283e62a7eb4df111c0

-2- IEC 61300-3-53:2015 © IEC 2015

CONTENTS
O T T 1 I P 4
1 S o0} o 1= Y0P 6
2 NOIMALIVE T EIENCES. ... i e et 6
3 Terms and definitioNs ... e 6
4  Standard atmospheric cONditioNS ... ..o 7
LI Y o o - = {1 £ PP 7
5.1 BNl e 7
5.2 Measurement method 1: /0 lens imaging .........ccoovviiiiiiiiiinn e e e e 8
5.2.1 GeNeral ..o L Ny 8
5.2.2 MiCro-poSItioNer .. ..o A
5.2.3 FFP optical system ..o G
5.2.4 (01 1= - T PP S NP W) WA
512.5 Computer (EAF analyser module)...........coocopng e\ reere o D) T ee s WA
5.2.6 Calibration light SOUICe ..ot S D O TS e N e eeieaaas
5.3 Measurement method 2: direct imaging
5.3.1 General ....coooviiiiiiiii [ LY A N e
513.2 Micro-positioner............c..cc.......
5.3.3 Optical power............{ o\ -
5.3.4 Alignment ... G NG
5.3.5 Detector.....oooiiii 0N
5.3.6 Single-mode fibre
5.3.7 Imaging de
6 Sampling and spegi
7  Jeometric calibration™ .\
8 M
8.1
8.2
8
8
8
8.3
8.4
8
81 4.2 Method A: Optical centre determination ...................ccooi 13
8.4.3 Method B: Mechanical centre determination..................ocooiiiiiiiiiii e, 14
8.5 Computation of encircled angular fluX ..........coooiiiiiii e, 14
O RESUIS e s 16
9.1 Information available with each measurement...............cooiiiiiiiiii i, 16
9.2 Information available upon request ... ... 16
10 Details to be SPECITIEd . oveniiiii 16
Annex A (informative) System requirements: measurement method 1 — Field optical
Sy S BN L e 18
A1 LT =Y = =Y 18
A.2 Yo [ U= 0 1= 0} P 18
Annex B (informative) System requirements: measurement method 2 — Direct imaging....... 19

B.1 (7Y =Y = | 19


https://iecnorm.com/api/?name=d99317d70509bb283e62a7eb4df111c0

IEC 61300-3-53:2015 © IEC 2015 -3-

B.2 R QUITEM NS . e e 19
7] oY 1o =1 o 1 VR 20
Figure 1 — Apparatus configuration: Measurement method 1: /b lens imaging ......................... 8
Figure 2 — Far field optical system diagram ...........ccooiiiiiiiiiii e 8

Figure 3 — Apparatus configuration: measurement method 2 — Direct imaging using an
INEEGratiNgG SP NI .. e e e 10

Figure 4 — Apparatus configuration: measurement method 2 — Direct imaging using a
SINGIE-MOAE FIDrE ..o e 10

Figurg 5 — Apparatus configuration: measurement method 2 — Direct imagi
IMagiNg eVICE ...iuiiii e ee e e NG T 11

Figurg 6 — Calibration apparatus example............cocoociiiiiiiiiiiiiii e, S SN NP 12
Figurg 7 — Acquired far field image..........coocoveiiiiii G NI 13
Figurg 8 — Acquired far field image with false colour................ . NN AN N Neeeeee e feneen 13

Figurg 9 — Optical centre determination...............cccooiiii o NG N e e LG Yo 14

Figurg 10 — Coordinate conversion to polar coordinate gn-the\maggsensar ptane .........J..... 15
Figurg 11 — Standard encircled angular flux chart ... /... .. NGRS 16
Figurg A.1 — An example of an optical system usimy an f0/ems.. ..\ .ooooteveeiiiiiniiieeeen fen 18



https://iecnorm.com/api/?name=d99317d70509bb283e62a7eb4df111c0

1)

9)

-4 - IEC 61300-3-53:2015 © IEC 2015

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES

AND PASSIVE COMPONENTS -

BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-53: Examlnatlons and measurements —

on two-dimensional far field data from step index
waveguide (including fibre)
FOREWORD
The| International Electrotechnical Commission (IEC) is a WorIdWlde oggani atlon fo prising
all |national electrotechnical committees (IEC National romote
inteynational co-operation on all questions concerning standardlzat|o iglds. To
this| end and in addition to other activities, ec¢hnical Specifigations,
Technical Reports, Publicly Available Specifications i ter referred to gs “IEC
Publication(s)”). Their preparation is entrusted to technical ¢com B National Committee intprested
in fhe subject dealt with may participate in this prp por i , governmental arld non-
governmental organizations liaising with th gi i ! eration. |IEC collaborates |closely
withl the International Organization for ¢e with conditions determined by
agréement between the two organizations.
The ational
conp rom all
intefested IEC National Committees
IEC]| Publications have the form \of r ational
Committees in that sense of IEC
Publications is accurate for any
mis|nterpretation by any|end
In grder to prom i cations
transparently to rgence
betyveen any IEC PUbki i¢ated in
the [latter.
IEC| i of conformity. Independent certification bodies provide conformity
assg e areas, access to IEC marks of conformity. IEC is not responsible [for any
seryi ertification bodies
All that they Yiave the latest edition of this publication
No |i o IEC or its directors, employees, servants or agents including individual expgrts and
mel mittees and IEC National Committees for any personal injury, property daage or
oth¢r damage © yature whatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
exppnses_tarising out 0f the publication, use of, or reliance upon, this IEC Publication or any otler IEC
Publications.
Attgntior’ is drawn to the Normative references cited in this publication. Use of the referenced publicafions is

indispensable for the correct application of this publication.

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 61300-3-53 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics.
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The text of this standard is based on the following documents:

FDIS Report on voting
86B/3850/FDIS 86B/3875/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 3-53: Examinations and measurements —
Encircled angular flux (EAF) measurement method based
on two-dimensional far field data from step index multimode
waveguide (including fibre)

1 Stope

This gart of IEC 61300 is intended to characterize the encircled~ang agrement
step index multimode waveguide light sources, in which mo 3 s are
excited. The term waveguide is understood to include both ptical
fibres|but not slab waveguides in this standard.

Encirg i adiating from @ step
index i i as a
functi every
measj: them
math

2 N

The fd nt and
are infdispensable for itsa . ) references, only the edition cited appligls. For
undated references, di of the referenced document (including any
ameng@iments) a.

IEC 6 fs
IEC 6 5t and

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

3.1

encircled angular flux

EAF

fraction of the total optical power radiating from a step index multimode waveguide’s core
within a certain solid angle

3.2

fO@lens
lens converting the angle of incidence of the input beam, 0, into the output beam height, 4

Note 1 to entry: The relationship between them is 4 = f0, where f is the focal length of the lens.
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3.3

numerical aperture

NA

sine of the vertex half-angle of the largest cone of meridional rays that can enter or leave the
core of an optical waveguide, multiplied by the refractive index of the medium in which the
cone is located.

34

far field pattern

FFP

angular distribution of light radiating from a waveguide’s core, which corresponds to the
optic power distribution on a plann normal to the wa\/ngnida axis some distance from its end

facet.

Note 1 fo entry: The distance depends on the largest waveguide cross section, a, thé\wavelgng pnd the
angle,q, to the optical axis. It is abbreviated to FFP. In the far field region the shape of the distfibution dpes not
change] as the distance from the waveguide end facet increases; the distribution on ales i X ith distance, L.

I~ 2a2(cos (0)2
A
3.5
far figld image
far fie|d pattern formed on an imaging ice
3.6
centroid

optical centre of the far fieJd\image

3.7
neutral density filter
ND
filter that attenua

4 S

The s

5 A

5.1 General

The optical source multimode waveguide shall be long enough to ensure that all cladding
modes are stripped by passage through the waveguide. Often the fibre coating or tight buffer
is sufficient to perform this function. Alternatively a cladding mode stripper shall be used in
the source launch optical multimode fibre. An example of a typical cladding mode stripper
which would be suitable for optical fibre is sufficient windings of the fibre around a mandrel of
an appropriate diameter. The windings also have a more important essential effect to fully fill
the transverse modes across the maximum mode field diameter. It should be checked that all
of the transverse modes of the fibre are sufficiently well excited. This can be done by
comparing the FFPs for different lengths of the launch fibre or different light sources. Once
the FFP no longer changes in form as the launch fibre length is increased there is no need to
increase the length further.
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5.2 Measurement method 1: f@lens imaging

5.21 General

In theory, this measurement method, which is effectively a coherent optical method to Fourier
Transform the near field to the far field using a lens, does not operate well using very
wideband optical sources. Experimentally it has been shown to operate sufficiently well for
sources up to 30 nm bandwidth which are most commonly used.

Figure 1 below shows the apparatus configuration. The measurement system consists of a
micro-positioner, a far field broadband optical system, a camera and computer (beam analysis
module). An appropriate type of camera (detector) should be chosen to suit the wavelength.

FFP optical system Camera

(image sensor)

Optical fibre

B

Micro-positioner

s

Computer

(EAF analyser module)

IEC

Figure 1 — Apparatus configura nent method 1: f@lens imaging

5.2.2 Micro-positioner

The nj
direct

g\ah optical waveguide and moving in
rols are recommended.

5.2.3

As sh
multi
the i

wavele
. See Annex A for more information.

Field lens

—

three

m the
F to fit
fevent
at the
of the

__._____Ilfﬁ _

#

o __"'5?'|____ _J_

IEC

Figure 2 — Far field optical system diagram

5.2.4
Although, the detector is typically a charge-coupled device (CCD) or a complementary

Camera

metal

oxide semiconductor (CMOS) camera, other types of array cameras may be considered. The

type of image sensor shall be chosen by the measurement wavelength. Absolute radio
measurement of flux (optical power flow) is not required.

metric
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5.2.5 Computer (EAF analyser module)

Since the acquired image contains many thousands of pixels, and the image conversion into
encircled angular flux requires substantial computation, a computer is required. The computer
will usually be connected to the image sensor through an image acquisition board (or with an
embedded image acquisition circuit) and installed beam analysis software.

5.2.6 Calibration light source

Calibration light source is used when calibrating the apparatus in Clause 7. The calibration
source is assumed to be broadband and incoherent so that speckle is not a problem, and to
have a sufficiently symmetrical far field distribution so that the calculated centroid of the far

field indicates-the-locationofthe npfirﬂ:l centre axis of the \Ma\lngnirln with sufficient accuracy

for thg purposes of this standard.

5.3 |Measurement method 2: direct imaging

5.3.1 General

There| are three alternative methods to detect the far field etector; one (ses a

singlefmode fibre and the other uses a camera.

5.3.2 Micro-positioner

Both the input step index multimode waveguide all be

mounfed on high precision motorized t sub-

micron step adjustment to maximize th

5.3.3 Optical power

The olitput from the multir

5.3.4 Alignment

Firstly, the inpu@ imum

outpu .

5.3.5

An in m the

field.

plane
$trictly
re PD
butput
on of
and its

pinhole are moved in X and Y to sample the far field. This has the advantage that a very large
area can be sampled. Moreover, it can also be moved in an arc on a goniometer so that its
input facet always faces the centre of the core of the multimode waveguide output. This
goniometric method can also be used to calibrate the far field in the f6 imaging method as the
far field is measured directly as a function of angle. If the detector aperture is instead moved
across an XY plane then the lateral position from the optical axis shall be converted to an
angle of divergence from the optical axis. The angle is the arctangent of the ratio of the lateral
X or Y position to the distance L. Therefore, considerable care needs to be taken to
accurately measure L.
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Pin hole
Integrating

L
Waveguide 7/ sphere PD
(optical fibre) 4»' |
‘-
/ \ Controller Computer

Micro- Motorized micro- (EAF analyser module)
positioner positioner

.

IEC

Figure 3 — Apparatus configuration: measurement methg
Direct imaging using an integrating sphere

5.3.6 Single-mode fibre

The sjngle-mode optical fibre shall be placed sufficiently far i ouarce launch
multinhode waveguide facet so as to be in the Fraunhofer of far § gr field
occur$ when L >> D2/) where L is the distance of the detection p =Yg waveguide end
facet,|D is the diameter of the multimode waveguide i eld diameter|and A4
is the [wavelength. For example, a single-mode fibre (atta or, shown in Figure 4,
shall pe placed in the far field and moved in ' e the far field. This has the
advantage that a very large area can bs _sampted. i hn arc
on a goniometer so that its input face{ always S df the core of the multjmode
waveguide output. This goniometric method ca calibrate the far field in|the 0
imaging method as the far field is meag irecthnasha function of angle. If the singletmode
fibre qore is instead moved across an\XY yemthelateral position from the optical axis
shall e converted to an apgle of di g optical axis. The angle is the arctgngent

of the|ratio of the lateral heeds

to be faken to accuratg

\ Controller
Computer
Motorized micro- (EAF analyser module)
positioner

IEC

Figure 4 — Apparatus configuration: measurement method 2 -
Dir - : . . _ -

5.3.7 Imaging device

An imaging device plane without any lens system shall be placed sufficiently far from the
optical source launch multimode waveguide facet so as to be in the Fraunhofer or far field.
The Fraunhofer far field occurs when L >> D2/4 where L is the distance of the detection plane
from the waveguide end facet, D is the diameter of the multimode waveguide core or strictly
mode field diameter and 4 is the wavelength. For example, an imaging device, shown in
Figure 5, shall be placed L away from the exit facet of the multimode waveguide. The distance
L between the imaging device and the waveguide end facet is much larger than the core size
of the waveguide, so the field captured is the far field distribution. The imaging device may for
example, be a CCD camera with its lens removed so that the light distribution falls directly on
the CCD chip. The lateral position from the optical axis in the far field shall be converted to an
angle of divergence from the optical axis. The angle is the arctangent of the ratio of the lateral
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X or Y position to the distance L. Therefore, considerable care needs to be

accurately measure L.

Waveguide! L Camera
(optical fibre) | [¥=

/ \ Controller
? Y

taken to

Micro- Motorized micro- Computer
positioner positioner (EAF analyser

Figure 5 — Apparatus configuration: measure
Direct imaging using an imaging de

6 Sampling and specimens

Light pources to be tested shall be chosen and , who
shall gocument the sampling and prep bn the
light %iources under test are that thg h the
detecfor and f0 lens, and have optical S I patible with the input port of
the agparatus. The construction details of i

7 Geometric calibratio

Calibrtion of the apparatus\i i e—accuracy of this measurement procedure.
Calibrption shall p ica f the calibration is known to drift significantly
durind a measu@w { 2. dri e source(s) shall be identified and eliminated. If
the agparatus is di$a its somponents in or affecting the optical path are oth¢rwise

manipjulated, calibrat k srmed before measurements are made.

The purpos i bration is to obtain the measurement data needed to compute
the cdnversion factory The fastof will be used to convert camera coordinates to light laupching

angle|red

Calibrption is(p ed to measure the conversion factor that relates the light laupching

angle [to thétpixel ©

e detector corresponding to this angle. The factor has a unit of degree

per pikel,'and will be used to convert camera coordinates to far field angle coordinates. The
collimpted light source for geometric calibration, shown in Figure 6, shall have a spectral

power distribution similar to that of the measurement light source and the central wavelength

within 30 nm around the nominal wavelength of the measurement light source.

An example of the calibration procedure is stated below:

Step 1 Set a collimated light source whose incident angle relative to the optic axis of the far
field optical system can be precisely controlled. An example of the calibration apparatus is

shown in Figure 6.

Step 2 Measure the conversion factors from the whole range of angles to be measured with

an interval small enough (e.g. 1°) to enable accurate interpolation.
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Collimated light

Q

Far field

Mirror optical system

Precise goniometer

Figure 6 — Calibration apparatus exa

Alternptively the direct imaging methods described in Claug or calibratipn.

8 Measurement procedure

8.1 |Safety

All prpcedures in which an LED or a
carriefl out using safety precautions in a

all be

8.2

8.2.1

Acqui ach to
image ired.
8.2.2

A way ve far
field i i computer display is adjusted to be in the centre of the display
using using
the Z

8.2.3 Light sourcé image acquisition

Measuyrement light sources are sufficiently incoherent and are sufficiently intense to easjly get
good dynamic range, although attenuation may be required using ND filter. The acquired
image should be shown in the PC display as in Figure 7. The picture may be displayed with
false colour in Figure 8.
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Figure 7 — Acquired far field

IEC

ure 8 — Acquired far field image with false colour

8.3 |Removal of background noise

The dark current of the camera which is acquired by obscuring the input light beforehand shall
be removed from the acquired image, or 0,5 % intensity of the peak power in the acquired
image shall be set as a threshold level to keep the parts of the image above this threshold.

8.4 Centre determination
8.4.1 General

One of the two methods needs to be used.

8.4.2 Method A: Optical centre determination

The encircled angular flux is computed with respect to the optical centroid of the FFP
distribution. As shown in Figure 9, the centroid of the acquired image shall be determined with
the use of Equation (1).
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where¢
0!
(0]

(', »')
I(X!’ y'
8.4.3 { : 9 centre determination

The ¢ is computed with respect to the optical central axis ¢f the
measlyirement opfics ¢ optical central axis of the measurement optics, O,, shgll be
determined b easrlng the far field pattern of a reference waveguide. The refgrence
waveduide.shall be~a/single-mode fibre and the end-face of the fibre should be perpendicular
to the|optieal axis.

L'xlek'xm’ym} Lylekxm’ym
ZZI X ) ZZI )

Om (‘xm :O’ym :O):Or’n('xr’n :O’y:n :O)_

For method B, O, shall be fixed during a series of measurements.

8.5 Computation of encircled angular flux

Before computation of encircled angular flux, the x-y coordinates are converted to polar
coordinates using r and ¢ as shown in Figure 10(b). Applying » and ¢ to the encircled flux
equation, light intensity distribution on an FFP screen is described in Equation (3).
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Figure 10 — Coordinate conversion to polar coordinate on t

Equatjon (4) is a simple equation that shows t
differgntial form (5):

Replafring r with gusing
angular flux EA @

=
FKP screen

a)

12 7 10y rdr-dp
0 0 (3)

27 (T
JEE e max (.,

EF(r') =

nd its

(4)

(5)

ircled

2m 6’ _sin(6) _
fo fo 1(r,) c0s3(0) dode

21 0 sin(0)
o s ma"l(r,(p)-ws3(9)-d6d(p

EAF(0") =

stance from the origin corresponding to an angle between ope ray
om the multimode waveguide and the optical axis of the muljmode
waveguide;

is the radial distance from the origin corresponding to the maximum ray|angle

O and O,

which is approximately 30° for category A3 multimode fibre Tor example;
is a circular angle in polar coordinates;

is an angle between one ray emitted from the multimode waveguide and the
optical axis;

is the maximum ray angle which is approximately 30° for category A3 multimode
fibre for example;

is the distance between the end of multimode optical wave guide and FFP screen.

are the calculated centroids discussed in 8.4.

An example of EAF is shown in Figure 11.
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1,0

0,8

0,6

EAF

0,4

0,2

0,0
0 10 20
Angle ¢° (deg)

Figure 11 — Standard encircled 3

9 Repsults

9.1 Information available with each

Report the following with each measure

e date and time of meas
e ide¢ntification of source;
e nominal wavelengt
o method of ¢

e the encircled ah
is pompleted;

gle shall be reported after a series of measure

ments

o EAF as a grap i of angle @ (Figure 11), including any specified template

limits.

For method B & i ingle-mode fibre and multimode fibre connectors and their

and apgulartolera if the measurements are referenced to the connector

9.2 |Information available upon request

The fallowing information shall be available upon request:

ateral

e date of most recent calibration of equipment;

e method of calibration of equipment;

e the integration limit parameters(larger than the angle corresponding to the NA of DUT and

less than the field of view);
e the original images used in the computations;
o the derived centre, and if different, the centroid image;

e the angular data functions computed in 8.5.
10 Details to be specified

The following details, as applicable, shall be stated in the relevant specification:
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e type of source to be measured;

e sampling requirements, if any;

e criteria to be met by sources;

e any deviations to the procedure that may apply;
e angle dat which the EAF is to be reported;

o the EAF template used to report results;

. measurement uncertainty.

@C@
o
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