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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES

flux (EAF) measurement method based on two-dimensional
far field data from-step-index multimode waveguide (including fibre)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for starndardization compri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is'to promote internati
Co-operation on all questions concerning standardization in the electrical and electrgnic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Spegifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to' ‘@s "IEC Publication(s)"). T
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and aon=governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely_with the International Organizatior
Standardization (ISO) in accordance with conditions determined by agreément between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each {echnical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, [EC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possiblelin their national and regional publications. Any divergence betw
any IEC Publication and the corresponding‘national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
bssessment services and, in some ‘areas, access to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent-certification bodies.

All users should ensure that they have the latest edition of this publication.
No liability shall attach to 1EC or its directors, employees, servants or agents including individual experts
members of its technical\eommittees and IEC National Committees for any personal injury, property damag

expenses arising Ut of'the publication, use of, or reliance upon, this IEC Publication or any other IEC Publicat

ndispensabl€)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 pa
Fights..TE€ shall not be held responsible for identifying any or all such patent rights.

ing
nal
and
rts,
heir
ith
ing
for

nal
all

nal
IEC
any

ons
een
ter.

ity
any

and
B or

bther damage of any“nature whatsoever, whether direct or indirect, or for costs (including legal fees) [and

ons.

Attention is drawn-*to the Normative references cited in this publication. Use of the referenced publicationfs is

ent

jes

made to the previous edition. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.
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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.

This second edition cancels and replaces the first edition in 2015. This edition constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the scope of the applicable wave guides, and graded index multimode optical wave guide
and fibre have been included,

b) |the structure of 5.3 has been rearranged;
c) [Annex C and Annex D have been added.

The text of this International Standard is based on the following documents:

FDIS Report on voting
86B/4343/FDIS 86B/4373/RVD

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

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

A list of all parts in the IEC 61300, published underithe general title Fibre optic interconneciing
devices and passive components — Basic test and measurement procedures, can be found|on
thel IEC website.

Thtcommittee has decided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch” in the data relateq to
the| specific document. At this date, the’document will be
e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicatIs
that it.contains colours which are considered to be useful for the correct understanding
of its’contents. Users should therefore print this document using a colour printer.
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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 | Scope

This part of IEC 61300—-is—intended—to—characterize defines the encircled angutlar flux
mejasurement-step-index of multimode waveguide light sources, in which most ofthe transve
modes are excited. The term "waveguide" is understood to include both channel wavegui
and optical fibres but not slab waveguides-in-this-standard.

o
se
es

The¢ applicable fibre types are the followings:

e |A1 specified in IEC 60793-2-10;
e |A3 specified in IEC 60793-2-30;
e |A4 specified in IEC 60793-2-40.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of their cont
constitutes requirements of this'document. For dated references, only the edition cited appli

ent
eS.

For undated references,( the latest edition of the referenced document (including any

amendments) applies.

IEG 60793-2-10, Optical fibres — Part 2-10: Product specifications — Sectional specification
catfegory A1 multimode fibres

IEG 6079322730, Optical fibres — Part 2-30: Product specifications — Sectional specification
category A3 multimode fibres

for

for

|[EC66793-2=40,Optical fibres = Part 2=40Froduct specifications = Sectionat Specification
category A4 multimode fibres

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

for

IEC 61300-1:2016, Fibre optic interconnecting devices and passive components — Basic test

and measurement procedures — Part 1: General and guidance

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following

addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
31

encircled angular flux
EAF

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

a certatnsotid allyic
3.2

Frqunhofer far field
far|field which occurs when

L > D2/,

whegre

h‘

is the distance of the detection plane from the waveguide end facet;

is the diameter of the multimode waveguide core or strictlymode field diameter;
A |is the wavelength.

3.3

f0 lens
leng converting the angle of incidence of the input'beam, 9, into the output beam height, &

Notg 1 to entry: The relationship between them is & =0, where f'is the focal length of the lens.

3.

mdde power distribution

MPD

relative mode power in each of thedmode groups of a multimode fibre

[SOQURCE: IEC 62614-2:2018; 3.5, modified — The words "often shown graphically" have bgen

deleted.]

3.

numerical aperture
N

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

the
ne

3.6
far field pattern
FFP

angular distribution of light radiating from a waveguide’s core, which corresponds to the optical
power distribution on a plane normal to the waveguide axis some distance from its end facet

Note 1 to entry: The distance depends on the largest waveguide cross section, «, the wavelength,-lambda 4,
the angle,p, to the optical axis.-ltis-abbreviated-teFFP- In the far field region, the shape of the distribution does

and
not

change as the distance from the waveguide end facet increases; the distribution only scales in size with distance, L.

24° (cos q))z
A

L>>
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field image
field pattern formed on an imaging device

36
centroid
. ‘ ar fi .

3.8

neutral density filter

N
filt

4

Op

tilter
r that attenuates light of all colours equally

Standard-atmospheric Measurement conditions

ical fibres which are applied to this measurement are specified iu,-IEC 60793-2-

IEQ 60793-2-30 and IEC 60793-2-40. The measurement ambient candition shall be
staphdard atmospheric conditions-are specified in IEC 61300-1.

5

5.1

Apparatus

General

10,
the

The¢ optical source multimode waveguide shall be long®enough to ensure that all cladding modles
arg stripped by passage through the waveguide,~Qften, the fibre coating or tight buffe
sufficient to perform this function. Alternatively,..a ¢ladding mode stripper shall be used in
soyrce launch-eptical multimode optical fibre..Anexample of a typical cladding mode strip

wh
an

ch would be suitable for optical fibre is sufficient windings of the fibre around a mandre
appropriate diameter. The windings also*have a more important essential effect to fully

thel transverse modes across the maximum mode field diameter. It should be checked that

of

he transverse modes of the fibre @re sufficiently well excited. See Annex D. This can

done by comparing the FFPs for different lengths of the launch fibre or different light sourc

On

ce the FFP no longer changes-in form as the launch fibre length is increased, there is

neg¢d to increase the length further.

5.2 Measurement method 1: f0 lens imaging

5.2.1 General

In {heory, this measurement method, which is effectively a coherent optical method to Fou

tra

opfical sources. Experimentally, it has been shown to operate sufficiently well for sources uj

30

Fi

nm bandwidth, which are most commonly used.

is
the
ber
of
fill
all
be
es.
no

fier

nsform the near field to the far field using a lens, does not operate well using very wideband

to

nnnnnnnnnnnnnnnnnnn

f a

micro-positioner, a far field broadband optical system, an imaging device (e.g. camera) and

computer (beam—analysis—meodule EAF analyser module). An appropriate type of camera
(detector imaging device)-sheould shall be chosen to suit the wavelength under test.
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FFP optical system Camera
(image sensor)

| —

Optical fibre

.

Micro-positioner

Computer
(EAF analyser module)

Optical wave FFP optical system Imaging device
guide including (e.g. camera)
fibre
i e
[~ — ]

Micro-positioner

EAF analyser module

Figure 1 — Apparatus configuration of measurement.method 1: /0 lens imaging

5.2.2 Micro-positioner

cl cl
airée a¥a X a ala on A a¥a
CHg S y y 5 caSaS O \/ \/ S

The micro-positioner shall hold the optical@ource (including the waveguide) and be ablg

mojve in three directions (X, Y, Z). Angulaihimovement for the optical system is recommende€d.

5.2.3 FFP optical system

As shown in Figure 2:-basicalhy@n /0 lens can directly convertirput the light from the multimg
wayeguide to a far field image; however, scaling the far field image in order to fit the im3
sensor in the-eamera imaging device and adjustment of the light intensity in order to prev
saturation-may-—be is required. The FFP optical system-shal-be is chosen to operate at
mejasurement wavelength across the required measurement bandwidth to match that of
defection system./See Annex A for more information.

16 objective lens Field lens Imaging relay lens

--:"':if— I

to

de
ge
ent
the
the

IEC
Figure 2 — Far field optical system diagram

5.2.4 Camera Imaging device

Imaging device includes a camera, CCD, CMOS, etc. that can detect images.-Altheugh The

detector is typically a charge coupled device (CCD) or a complementary metal ox

ide

semiconductor (CMOS) camera,—othertypes-of-array-cameras-may-be-considered. The type of

mage—sensor imaging device shall be chosen by the measurement wavelength. Absol
radiometrie intensity measurement-of-flux—-{(optical-powerflow) is not required.

ute
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.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
witlusualy shall be connected to the-image-senser imaging device through an image acquisition
board (or with an embedded image acquisition circuit), and-installed beam analysis software
which enables the computer as a EAF analyser shall be installed.

In {
Syo
sh{

NO
pra
For

Se

WH
tak

5.3.

Bo
mo
shd

Measurement method 2: direct imaging

.1 General

his method, far field images are acquired directly by andmaging device without any opt

cal

tem. The distance between the optical waveguide sourgerunder test and the imaging deVice

[l be long enough to achieve Fraunhofer far field.

[E A CCD device generally consist of CCD semicondu€tor“tip and micro lens array to get higher sensit
tically, then the structure generates shading effect which I's incident angle dependent sensitivity conseque
more information, see Annex C and Figure 3.

b detail information of imaging device sgtup in Annex B.

en the far field image is larger thanéhe area of the imaging device, multiple images shall
en and stitched together to configure a complete far field image.

2 Micro-positioner

h the input-step-index multimode waveguide source and the photo detector (PD) shall

unted on-high—preeision motorized translation Astages. The motorized translation stages

Il operate for bpth_coarse alignment with tenths millimetres step movement for wide posi

andl accurate alignment with sub-micron step adjustment to maximize the light through

wa

Veguide.

vity
tly.

be

be

on
the
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Pin hole

Integrating
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Waveguide
(optical fibre)

\

.

IEC

ter
er module)

Co

(EAF
&
O

Controller

Motorized micro-
positioner

Micro-
positioner

oved in X and VY to sample the far field _This has

T TaYy

TCTO:

oI arta S oveoo 17 arta

To—oatr P Tro—thc—Iat

it ecan alcobe moved-in-an-arclon

var

£3n he campled _Moreo

WIoTrco v e 1t oo o TTov oo Trarmargport

gt o P T oA P o
& A

shall bhe nlaced in-the far field and-

O o TP AT CO—T—thT—at

adyantaage that 2 verv larae aregx

gthfartagc—uiata very

a-goni

Single-mode optical fibre

Q&
C)%O
N

Waveguide
(optical fibre)

—bl

Computer
(EAF analyser module)

Controller

\

Motorized micro-

Micro-
positioner

positioner

EC

1
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5 Caotd S cl S s OO g g-G VG Y S cl

2 CCND ~camera with ite loane ramovad en that tho linht dictribtinn falle diracthy an tha C
~J 7

Waveguide L Camera
(optical fibre) | [~

An
de
lau

Th
dis
fiel

argtangent o
care shall

. E!T—‘

a— =~

/ \ Controller G\\
Micro- Motorized micro- Q O Computer
positioner positioner Q (EAF analyser module)
IEC
N

M“MWWW e ‘@ o
N

5.3.3 Imaging device A\Q

imaging device includes a éﬁ&%ra, CCD, CMOS, etc. that can detect images. An imag
ice plane without any len \C%ystem shall be placed sufficiently far from the optical sou
hch multimode wavegu@}s acet so as to be in the Fraunhofer far field.

-

b imaging deviceés& for example, be a CCD camera with its lens removed so that the li
ribution falls dCé ly on the CCD chip. The lateral position from the optical axis in the
d shall be cgnverted to an angle of divergence from the optical axis. The angle is
@ratio of the lateral X or Y position to the distance L. Therefore, considera
en to accurately measure L.

ing
rce

ght
far
the
ble

5.3.4<</Ctomputer, position controller and image acquisition
AN

The computer confrols the position of the imaging device (camera) so that the proper image(s)
is(are) acquired. If the far field image is too large to shoot an single image, the computerized
controller moves the imaging device to the several different positions to acquire multiple images

wh

ich are finally combined and become one far field image.
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Imaging device
(e.g. camera)

Optical wave
guide including
fibre

- B
/4

®

Controller

) ) ) Computer, position controller and
Micro- Motorized micro- image acquisition

positioner positioner
IEC

NOTE A CCD device generally consist of CCD semiconductor tip and micro lens array to get higher sensit|vity
pragtically, then the structure generates shading effect which is incident angle dependent sensitivity cofigequently.
For|more information, see Annex C.

Figure 3 — Apparatus configuration of measurement method 2: directyimaging

6 | Sampling and specimens

o e o d h d-pren h d ho
ou O a at-b a-p pa an G O
dodument the - samplina-and - prepnaration-nrocedures used The omlv*aeauirements - on-the li t
cogtinRentthe-SampHhRganaprepalattoRproceadresusSea—"rne oy feqguiememsS—-oRthe+Hght
sodrces under test are that thev have an-oneratina wavelenathiecompatible with- the detedtor
sogrecesunaertestarethattheyhavean—operathng-wavetengieompatbe—-wWHh—tne—-ceteqtol

0 la o =~ ica ihla o i
a6 A a3V opHea ORA ompatd A—A A po of the
O

The¢ sampling and preparation procedures for the light'seurces which launch light into multimgde
wayeguides to be tested shall be documented. The€ light sources under test shall have|an
op¢rating wavelength compatible with the detector and /9 lens, and have optical connectorg or
spllces compatible with the input port of the *apparatus. The construction details of the light
soyrces are not otherwise specified.

7 | Geometric calibration

71 General

—

Calibration of the apparatus is critical to the accuracy of this measurement procedyre.
Calibration shall be performed periodically. If the calibration is known to drift significantly during
a measurement interval, the drift of the source(s) shall be identified and eliminated. If the
apparatus is disassembled or its components in or affecting the optical path are otherwise
maipulated, calibration shall be performed before measurements are made.

The purpase of geometric calibration is to obtain the measurement data needed to compute the
conversion*factor. The factor-will shall be used to convert camera coordinates to light launchfing
angrle relative to the optical axis of optical waveguide.

7.2 Light source

The calibration light source shall be broadband and incoherent, in order to avoid speckle noise
issues, and shall have a sufficiently symmetrical far field distribution so that the calculated
centroid of the far field indicates the location of the optical centre axis of the waveguide with
sufficient accuracy for the purposes of this document.

7.3 Procedure

Calibration—is shall be performed to measure the conversion factor that relates the light
launching angle to the pixel of the detector corresponding to this angle. The factor has a unit of
degree per pixel and-will shall be used to convert-eamera imaging device coordinates to far
field angle coordinates. The collimated light source for geometric calibration, shown in Figure
4, shall have a spectral power distribution similar to that of the measurement light source and
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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; and
NOTE An example of the calibration apparatus is shown in Figure 4.

Step 2:  measure the conversion factors from the whole range of angles to be measured

H H Y 1 Ll oL 4.0\ ¢ .l s H lad.
WILTT art miervdar oirirdarll UIIUUUII \cy I ) U TIavic aviuratoc 1mMmcrpyuiativrT.

Collimated light

5 G \

Far field
Mirror v optical system

P

b

Q | O \

Precise goniometer

IEC

Figure 4 — Calibration apparatus example

Altearnativaly tha diraect imaaing
ARtgrathverytthe-arecHnRagihg i

8 | Measurement procedure

8.1 Safety

All|proceduressin~which a light emitting diode (LED) or a laser source is used as the optical
soyrce shallbe-carried out using safety precautions in accordance with IEC 60825-1.

8.2l _Farfield image acquisition

8.2-+—General

Acquiring an image is central to the measurement of encircled angular flux. The approach to
image acquisition depends on the general characteristics of the light source being measured.

8.2.2 Waveguide end-face alignment

A waveguide end-face-is shall be placed at the front focal point of the FFP optical system. The
live far field image acquired on the computer display-is shall be adjusted to be in the centre of
the display using the X and Y axes of the micro-positioner, and to a minimum diameter and in
focus using the Z axis of the micro-positioner in 5.2.2.
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8.2.3 Light source image acquisition

Measurement light sources—are shall be sufficiently incoherent and-are shall be sufficiently
intense to easily get good dynamic range, although attenuation may be required using neutral
density (ND) filter(s). The acquired image-sheuld shall be shown in the PC display as in Figure
5. The picture may be displayed with false colour in Figure 6.

IEC

Figure 5 — Acquired farfield image

IEC

Figure 6 — 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 background level-te-keep-theparts-of the-image-above-thisthreshold.
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8.4 Centre determination
8.4.1 General

One of the two methods-nreedste shall 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 7, the centroid of the acquired image shall be determined with the use of
Formula (1)

| IEC
Figure 7 — Optical centre determination
lezl(xr)yr) zylzl(xl’yv)

0(x=0,y=0)=0’(x’=0,y’=0)— x

y o= Y (1)
Zzl(xl’y!) Z]Zl(x!,yr)
y Xy

'
X

where

0’ is the nrigin of EEP optical system;

(0] is the calculated centroid of the acquired image;

x%y) is the x-y coordinates based on the FFP optical system origin;

I(x’, y’) s the light intensity at coordinate (x’, y’).
8.4.3 Method B: Mechanical centre determination

The encircled angular flux is computed with respect to the optical central axis of the
measurement optics. The optical central axis of the measurement optics, O,,, shall be

determined by measuring the far field pattern of a reference waveguide. The reference

waveguide shall be a single-mode fibre, and the end-face of the fibre should be perpendicular
to the optical axis.
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D x> (X din) D Vi DI (X Vi)
Onm (xm =0, ym :O)ZOrrn(xr’n =0, ym :0)_ xzzyl(x' I ) , xzzyl(x' Iy ) (2)
m>.’m m-.m
V' V'

x' x'

where

O'n is the origin of direct imaging;

Om is the calculated centroid of the acquired image;

(x,r], _)/,m) ;D t:IU ATY bUUId;IIdtUb :JCIbUUI Ul t:IU L“cht ;Illdu;llu Ul;y;ll.

I(x}y, V') is the light intensity at coordinate (x’y,, »'iy)-

Forf 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 pglar
codrdinates using » and ¢ as shown in Figure 8 (b). Figure 8 (a) show§the side view of the fipre
and the emitted beam. Applying r and ¢ to encircled flux equation,light intensity distribution|on
an [FFP screen is described in Formula (3).

FFP

a) b)
IEC

FFP screen

IEC

a) Side view b) Image sensor plane

Figure 8 —Coordinate-conversion Transformation of x-y to polar coordinates
on the image sensor plane
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27
EEG) = 3 Jo toerrdnds (3)
7 (2T (FIRGX [ (0 oV =7

Jg Jo ™ b

r o dy — dZ. cin(AQ) os=3(A) . do (5)

€ & St G )——€06S—{)—¢ab )

Reblacing+with 8 using-Egquation{4)-and (5 Eguation{68)-is—-obtained—This-shows—encirdled
g+—WHA-GHUSHg—E=Equaton—{4)aha{o)—~E=quatioh{b )15 o0btaiRea——HSSROWSehcHgea

A~
(2]
<>

J-027z J-(:’ I(r,p)-r-dr-dg

2% rhnax
.[0 '[0 I(r,p) r~dr-dp

EF(r)=

Hefe is a simple Formula (4) to show the relationship between r, 8 and df, and its differential
form, Formula (5):

r=ds-tan(0) (4)

r-d, = d? -sin(6)-cos>(0)-do (5)

Replacing r withé using FEormula (4) and Formula (5), Formula (6) is obtained. This shows HAF
valpe E (6.

2z (0’ i
I(r0)- S'”ée) - dbdyp
, 0 Jo cos”(6)
E®)= 27 +Omax Sil’l(@) (6)
N (X -dody
0o Jo 300)
where
r is the radial distance from the origin corresponding to an angle between one ray
emitted from the multimode waveguide and the optical axis of the multimode
waveguide;
"max is the radial distance from the origin corresponding to the maximum ray angle, which
is approximately 30° for category A3 multimode fibre for example;
1)) is a circular angle in polar coordinates;
0 is an angle between one ray emitted from the multimode waveguide and the optical
axis;
Omax is the maximum ray angle, which is approximately 30° for category A3 multimode

fibre for example;
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dy

is the distance between the end of multimode optical waveguide and FFP screen;

O and O, are the calculated centroids discussed in 8.4.

An

9.1

Re

Fo

example of EAF is shown in Figure 9.

A

1,0 /

EAF

0,8

0,6

0,4

0,2

0,0 >
0 10 20 30
Angle 6 (degrees)
IEC

Figure 9 —Standard Typical encircled angular flux chart

Results

Information available with each measurement
pbort the following with each measurement:

date and time of measurement;
identification of source;

nominal wavelength of source;
method of centre determination;

the encircled angular flux at each angle shall be reported after a series of measurement
completed;

EAF _as a graph as a function of angle 6 (Figure 9), including any specified template limi

oo

b is

ts.

and angular tolerances, if the measurements are referenced to the connector.

9.2

Information available upon request

The following information shall be available upon request:

date of most recent calibration of equipment;
method of calibration of equipment;

the integration limit parameters (larger than the angle corresponding to the NA of-BUF
specimen and less than the field of view);

the original images used in the computations;

dloaal N HY A H 1 ol £l ol [TH ol £ilo 4 ol [y |
metiou D, osptllty UIT SITIyre=Tmouc TTuTT alttu TTTuttmmouuT TToTe CUTITITULIUTS dTifTu UIcH atera

the
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e 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:

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 0 at which the EAF is to be reported;

o |[the EAF template used to report results;

e |measurement uncertainty.
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Annex A
(informative)

System-requirements recommendations —

Measurement method 1: far field optical system

A.1 General

n of intensity as a function of radius in the far

poit. Figure A.1 shows an example of an optical system using f0 lens.

16 objective lens

_— T

——
N

Field lens

T ——— Imaging relay lens

Filter port

Figure A.1 — An example of an optical system using an f@ lens

A.2 Requirements Recommengdations

Repuirements Recommended specifications of the far field optical system are-asfellows:

—- AT ) S -

Majn lens system:
Rahge of measurement angle to the optical axes:
Regolution of measdrement angle:

19 objective lens
+40° (NA = 0,64)
0,1° or less

IEQ
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Annex B
(informative)

System-requirements recommendations —

Measurement method 2: direct imaging

B.1 General

.2 Requirements Recommendations

photodiode or CCD or CMOS detector apart from the case of the integrating sphere wh
tiple internal reflections are permitted.

is t
by

alt¢rnatively multiple images may be stitched together.

Re

Distance of detection surface from waveguide end facet: L > D2/}

Ra
Re

ar o f Fal
d-diameter)and-1-is-the-wavelength- The distance L betWeen the imaging device and

ne far field distribution. It-shall should be confirmedthat all of the light distribution is detec
the CCD camera, which may require the camera to'be moved closer to the light source

commended setup specifications are:

nge of measurement angle to the Optical axes: +40° (NA = 0,64)
olution of measurement anglet 0,1° or less

veguide end facet is much larger than the core size ofithe waveguide, so the field captuf

ted
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Annex C
(informative)

Shading effect of CCD devices: incident ray angular sensitivity

C.1 General

stryicture causes the incident angle dependent sensitivity. When FFP image is gotten with, §ise
of flirect imaging method with CCD camera, the higher angle image data may be affected| by
thel shading effect. The shading effect is strongly dependent upon the actual CCD{product
striicture and the tester should consult the CCD camera manufacturer shading characteristics,
theln adjust the measurement result using the data, although self-correction fungtion may|be
included in some CCD devices.

C.2 Scheme of shading and example of the characteristics
Figure C.1 shows a scheme of shading effect of a CCD device.

Figure C.2 shows an example of shading characteristics.

'~

~ A lens of micro Iens array
~
~
. ~
~ ~ CCD device
Principal incide:g
TJaangle o/ N A pixel of CCD
N
o ——
~
A
~
N \L

Peripheral low sensitivity zone of the pixel IEC

Figure C.1 — Scheme of shading effect
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10 15 20 25
Principal incident ray angle (degreds)

[EC

Figure C.2 — Example'of shading characteristics
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Annex D
(normative)

Launch optics for the EAF template compliance test

D.1 General

IEC 61300 1: 2016 Clause 10 specifies an EAF template for A3e optical fibre. However some

Layinch fibre shall be wrapped 5 times with a diameter of 10 mm as ‘shown in Figure 0).1.
Wrhapping the fibre on a round bar of 10 mm diameter should keep theMequired state.

Wrapped launch fibre with
a diameter of 10 mm and 5 times

( EAF
measurement

L system
_—

Launch light

IEC

Figure D.1 — Schematic viéWw of the setup for the EAF compliance test
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES

flux (EAF) measurement method based on two-dimensional
far field data from multimode waveguide (including fibre)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for starndardization compri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is'to promote internati
Co-operation on all questions concerning standardization in the electrical and electrgnic fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Spetifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to' ‘as "IEC Publication(s)"). T
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and aon=governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely_with the International Organizatior
Standardization (ISO) in accordance with conditions determined by agreément between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each {echnical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, [EC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possiblelin their national and regional publications. Any divergence betw
any IEC Publication and the corresponding‘national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
bssessment services and, in some ‘areas, access to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent-certification bodies.

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

No liability shall attach to 1EC or its directors, employees, servants or agents including individual experts
members of its technical\eommittees and IEC National Committees for any personal injury, property damag

ing
nal
and
rts,
heir
ith
ing
for

nal
all

nal
IEC
any

ons
een
ter.

ity
any

and
B or

bther damage of any“nature whatsoever, whether direct or indirect, or for costs (including legal fees) [and

Expenses arising Ut of'the publication, use of, or reliance upon, this IEC Publication or any other IEC Publicat

ons.

Attention is drawn-*to the Normative references cited in this publication. Use of the referenced publicationfs is

ndispensabl€)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 pa
Fights..TE€ shall not be held responsible for identifying any or all such patent rights.

«Frnational Standard IEC 61300-3-53 has been prepared by subcommittee 86B: Fibre o

ent

ptic

interconnecting devices and passive components, of IEC technical commiitee 86:Fibre optics.

This second edition cancels and replaces the first edition in 2015. This edition constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the scope of the applicable wave guides, and graded index multimode optical wave guide

b)
c)

and fibre have been included;
the structure of 5.3 has been rearranged;
Annex C and Annex D have been added.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
86B/4343/FDIS 86B/4373/RVD

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

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

A list of all parts in the IEC 61300, published under the general title Fibre optic interconneclling
devices and passive components — Basic test and measurement procedures, can be‘found|on
thel IEC website.

Thtcommittee has decided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch” insthe data relateq to
the| specific document. At this date, the document will be
e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

IMPORTANT - The 'colour inside’ logo on.the cover page of this publication indicatIs
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should thereforée(print this document using a colour printer.
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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 multimode waveguide (including fibre)

Scope

s part of IEC 61300 defines the encircled angular flux measurement of multimode wavegu

light sources, in which most of the transverse modes are excited. The term -“waveguide
undlerstood to include both channel waveguides and optical fibres but not sfab waveguides.

Th

2

b applicable fibre types are the followings:

A1 specified in IEC 60793-2-10;
A3 specified in IEC 60793-2-30;
A4 specified in IEC 60793-2-40.

Normative references

The following documents are referred to in the t&xt in such a way that some or all of their cont
cornstitutes requirements of this document, For dated references, only the edition cited appli

Fo
am

endments) applies.

IEQ 60793-2-10, Optical fibres —.Part 2-10: Product specifications — Sectional specification
cafegory A1 multimode fibres

IEQ 60793-2-30, Optical fibres — Part 2-30: Product specifications — Sectional specification
cafegory A3 multimode\fibres

IEG 60793-2-40, Optical fibres — Part 2-40: Product specifications — Sectional specification
cafegory A4 multimode fibres

IEQ 60825=1, Safety of laser products — Part 1: Equipment classification and requirements

1=1¢

ide
is

ent
es.

undated references, the latest edition of the referenced document (including &ny

for

for

for

61300-1:2016, Fibre optic_interconnecting devices and passive components — Basic fest

and measurement procedures — Part 1: General and guidance

3

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1

encircled angular flux

EA

F

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

soli

3.2

d angle

Fraunhofer far field

far field which occurs when
L > D2

where
L |is the distance of the detection plane from the waveguide end facet;

is the diameter of the multimode waveguide core or strictly mode field diameter;
A |is the wavelength.
3.3
f0 lens
leng converting the angle of incidence of the input beam, 9, into the'output beam height, &
Notg 1 to entry: The relationship between them is 4 = f0, where fis the\facal length of the lens.
3

mgde power distribution
MPD
relative mode power in each of the mode groups-ef a multimode fibre

[SQURCE: IEC 62614-2:2015, 3.5, modified= The words "often shown graphically" have bgen
deleted.]

3.5

numerical aperture

NA

sine of the vertex half-angle of the largest cone of meridional rays that can enter or leave the

cor
is |

3.6
far
FF

angular distribution of light radiating from a waveguide’s core, which corresponds to the opt

po

e of an optical waveguide, multiplied by the refractive index of the medium in which the cq
bcated

field pattern
D

ver distribution on a plane normal to the waveguide axis some distance from its end face

ne

cal

Not

e Ttoentry: Thedistance depends on the largest waveguide cross section, a, the wavelength, 4, and the ang

€,0,

to the optical axis. In the far field region, the shape of the distribution does not change as the distance from the
waveguide end facet increases; the distribution only scales in size with distance, L.

3.7
far
far

24° (cos ¢)2
A

L>>

field image
field pattern formed on an imaging device
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neutral density filter

ND

filter

filter that attenuates light of all colours equally

4

Measurement conditions

Optical fibres which are applied to this measurement are specified in IEC 60793-2-10,
IEC 60793-2-30 and IEC 60793-2-40. The measurement ambient condition shall be the

sta

5

5.1

Thy
are
suf]
sol
wo

appropriate diameter. The windings also have a more important €ssential effect to fully fill

tra
tra
cof
FF
inc

5.2

5.2,

ndard-atmosphericconditionsspescifiedinlEC 643004

Apparatus

General

e optical source multimode waveguide shall be long enough to ensure thatall cladding moges

stripped by passage through the waveguide. Often, the fibre coating or tight buffe
ficient to perform this function. Alternatively, a cladding mode stripper shall be used in

is
the

rce launch multimode optical fibre. An example of a typical cladding mode stripper which

LId be suitable for optical fibre is sufficient windings of the fibre around a mandrel of

nsverse modes across the maximum mode field diameter<lt should be checked that all of
nsverse modes of the fibre are sufficiently well excited: See Annex D. This can be done
hparing the FFPs for different lengths of the launch fibre or different light sources. Once
P no longer changes in form as the launch fibre~léngth is increased, there is no need
rease the length further.

Measurement method 1: f0 lens imaging

1 General

tra
op

In t]‘heory, this measurement methods\which is effectively a coherent optical method to Fou

an
the
the
by
the
to

fier

sform the near field to the far field using a lens, does not operate well using very wideband

ical sources. Experimentally; itthas been shown to operate sufficiently well for sources ug

to

nd
be

30 jnm bandwidth, which are:most commonly used.
Figure 1 below showswthe apparatus configuration. The measurement system consists gf a
migro-positioner, a far.field broadband optical system, an imaging device (e.g. camera) &
commputer (EAF analyser module). An appropriate type of camera (imaging device) shall
chgsen to suit the wavelength under test.
Optical)wave FFP optical system Imaging device
guidedincluding (e.g. camera)
fibre
ﬁ
\“/
[~ — ]

5.2

Micro-positioner
EAF analyser module

IEC

Figure 1 — Apparatus configuration of measurement method 1: /0 lens imaging

.2 Micro-positioner

The micro-positioner shall hold the optical source (including the waveguide) and be able to
move in three directions (X, Y, Z). Angular movement for the optical system is recommended.
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5.2.3 FFP optical system

As shown in Figure 2, an f9 lens can directly convert the light from the multimode waveguide to
a far field image; however, scaling the far field image in order to fit the image sensor in the
imaging device and adjustment of the light intensity in order to prevent saturation is required.
The FFP optical system is chosen to operate at the measurement wavelength across the
required measurement bandwidth to match that of the detection system. See Annex A for more
information.

f6 objective lens Field lens Imaging relay lens

/7/ \::0".'-‘.::.’-‘-’;/7/ —— T 9, 9,
Pz AT (N 1] B S I .J}_

IEQ
Figure 2 — Far field optical system diagram

5.214 Imaging device

Imaging device includes a camera, CCD, CMOS, etc. that.cdn detect images. The detectof is
typjcally a charge coupled device (CCD) or a complementdry metal oxide semiconductor (CMPS)
camera. The type of imaging device shall be chosen by the measurement wavelength. Absolute
intgnsity measurement is not required.

5.215 Computer (EAF analyser module)

Since the acquired image contains many.thousands of pixels, and the image conversion into
engircled angular flux requires substantial*computation, a computer is required. The compJter
shall be connected to the imaging.device through an image acquisition board (or with|an
empedded image acquisition circuit)\and beam analysis software which enables the compyter
as p EAF analyser shall be installed.

5.3 Measurement method 2: direct imaging
5.311 General

In {his method, far-field images are acquired directly by an imaging device without any optical
syqgtem. The distanCe between the optical waveguide source under test and the imaging deice
shgll be long.endugh to achieve Fraunhofer far field.

NOTE A-€CD device generally consist of CCD semiconductor tip and micro lens array to get higher sensit|vity
pragtically,/then the structure generates shading effect which is incident angle dependent sensitivity consequently.
For|motesinformation, see Annex C and Figure 3.

See detail information of imaging device setup in Annex B.

When the far field image is larger than the area of the imaging device, multiple images shall be
taken and stitched together to configure a complete far field image.

5.3.2 Micro-positioner

Both the input multimode waveguide source and the photo detector (PD) shall be mounted on
motorized translation Astages. The motorized translation stages shall operate for both coarse
alignment with tenths millimetres step movement for wide position and accurate alignment with
sub-micron step adjustment to maximize the light through the waveguide.
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5.3.3 Imaging device

An imaging device includes a camera, CCD, CMOS, etc. that can detect images. 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 far field.

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 X or Y position to the distance L. Therefore, considerable

5.3.4 Computer, position controller and image acquisition

The computer controls the position of the imaging device (camera) so that the proper imagg(s)
is(are) acquired. If the far field image is too large to shoot an single image, the computerized
controller moves the imaging device to the several different positions to acquire, multiple images
which are finally combined and become one far field image.

Imaging device

Optical wave (e.g. camera )

guide including
fibre

- B
/4

“

Controller

) ) ) Computer, position controller and
Micro- Motorized micro- image acquisition

positioner positioner
IEC

NOTE A CCD device generally consist of CCD,semiconductor tip and micro lens array to get higher sensit|vity
pragtically, then the structure generates shadingieffect which is incident angle dependent sensitivity consequently.
For|more information, see Annex C.

Figure 3 — Apparatus configuration of measurement method 2: direct imaging

6 | Sampling and specimens

The¢ sampling and preparation procedures for the light sources which launch light into multimgde
wayeguides to be_tested shall be documented. The light sources under test shall have|an
opé¢rating wavelength compatible with the detector and f0 lens, and have optical connectorg or
spllces compatible with the input port of the apparatus. The construction details of the light
soyrces are_not otherwise specified.

7 | Geometric calibration

7.1 General

Calibration of the apparatus is critical to the accuracy of this measurement procedure.
Calibration shall be performed periodically. If the calibration is known to drift significantly during
a measurement interval, the drift of the source(s) shall be identified and eliminated. If the
apparatus is disassembled or its components in or affecting the optical path are otherwise
manipulated, calibration shall be performed before measurements are made.

The purpose of geometric calibration is to obtain the measurement data needed to compute the
conversion factor. The factor shall be used to convert camera coordinates to light launching
angle relative to the optical axis of optical waveguide.
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7.2 Light source

The calibration light source shall be broadband and incoherent, in order to avoid speckle noise
issues, and shall have a sufficiently symmetrical far field distribution so that the calculated
centroid of the far field indicates the location of the optical centre axis of the waveguide with
sufficient accuracy for the purposes of this document.

7.3 Procedure

Calibration shall be performed to measure the conversion factor that relates the light launching
an 0 ar= . = 0 e _gele a Q = llllll Q . a e ar= <l Q ap= <l . O el ee
pell pixel and shall be used to convert imaging device coordinates to far field angle coordinat
¢ collimated light source for geometric calibration, shown in Figure 4, shall have a-specfral
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.

The¢ calibration procedure is stated below:

Sfep 1:  set a collimated light source whose incident angle relative to the optic axis of the
far field optical system can be precisely controlled; and

NOTE An example of the calibration apparatus is shown in Figure 4.

Sfep 2:  measure the conversion factors from the whole range of angles to be measurgd
with an interval small enough (e.g. 1°) to enabletaccurate interpolation.

Collimated light

Far field

Mirror vl optical system

o

e by

Q

Precise goniometer

IEC

8 Measurement procedure

8.1  Safety

All procedures in which a light emitting diode (LED) or a laser source is used as the optical
source shall be carried out using safety precautions in accordance with IEC 60825-1.
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8.2 Far field image acquisition
8.2.1 General

Acquiring an image is central to the measurement of encircled angular flux. The approach to
image acquisition depends on the general characteristics of the light source being measured.

8.2.2 Waveguide end-face alignment

A wavegmde end-face shall be pIaced at the front focal pomt of the FFP opt|cal system The

8.2.3 Light source image acquisition

Mefsurement light sources shall be sufficiently incoherent and shall be sufficiently intensqg to
eagily get good dynamic range, although attenuation may be required using neutral density
(ND) filter(s). The acquired image shall be shown in the PC display as in Bigure 5. The picture
maly be displayed with false colour in Figure 6.

IEC

Figure 5 — Acquired far field image
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IEC

Figure 6 — Acquired far field image with false.colour

8.3 Removal of background noise

The dark current of the camera which is acquired by obseuring the input light beforehand sIaII
be removed from the acquired image, or 0,5 % intensity‘of the peak power in the acquired image
shall be set as a background level.

8.:] Centre determination
8.4.1 General

Ong of the two methods shall 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 7, the centroid of the acquired image shall be determined with the usg of
Formula (1).
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' IEC
Figure 7 — Optical centre determination
ZX'ZI(X',)/') Zy'zl(x':y')

O(X=0,y=0)=0'(x':0,y'=0)— X

Y , Y (1)
Z ’ I(x',y') ZZI(x',y')
Xy

x oy
whegre
o’ is the origin of FFP optical system;
(0] is the calculated ceniroid of the acquired image;

x7)y) is the x-y coordinates based on the FFP optical system origin;
I(x|, ) is the light intensity at coordinate (x’, y’).

8.4.3 Method B:)Mechanical centre determination

The encircled~angular flux is computed with respect to the optical central axis of the
mejasurement optics. The optical central axis of the measurement optics, O, shall|be

defermined by measuring the far field pattern of a reference waveguide. The referenmce
wayeguide shall be a single-mode fibre, and the end-face of the fibre should be perpendicylar

to erontical axis
} pHGa+—aX1S-

i (xim) D D (X i)
Om(xmzo’J’m:O)ZO,:n(x,'n=0,y,fn:O)— al 24

S o) xzzy — (2)
L [(xm)ym) L ](xm’)’m)
xy Xy

where
O'm is the origin of direct imaging;
On is the calculated centroid of the acquired image;

(*'m» »'m) s the x-y coordinates based on the direct imaging origin.
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I(x’, ¥'m) is the light intensity at coordinate (x',, ¥’ n)-

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 » and ¢ as shown in Figure 8 (b). Figure 8 (a) shows the side view of the fibre
and the emitted beam. Applying r and ¢ to encircled flux equation, light intensity distribution on
an FFP screen is described in Formula (3).
5
4

N
)Y“Q

A

A

FFP screen

IEC

a) Side view b) Image sensor plane

Figure 8 — Transformation of x-y to polarcoordinates on the image sensor plane

J427L‘ J~r’ I(r.p)-rdr-d
’/" .}/’. r-
0 0 @ @
"max

bk

EF(r)=

(3)
I(r,p)-r-dr-dp

itial

He
for

e is a simple Formula{(4) to show the relationship between r, 6 and df, and its differen
m, Formula (5):

r=ds-tan(6) (4)
r-d, =d? -sin(9)-cos™3(0)- db (5)
Replacing r withé using Formula (4) and Formula (5), Formula (6) is obtained. This shows EAF
value E (6.
2r 0’ sin(6
j j I(r,0)- é ) dody
, 0 J0 cos® ()
E(0') = . (6)
2r  bmax sin(d)
[ [ " 1m0 >S5 dody
0 Jo cos’(0)

where

is the radial distance from the origin corresponding to an angle between one ray
emitted from the multimode waveguide and the optical axis of the multimode
waveguide;
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"max is the radial distance from the origin corresponding to the maximum ray angle, which
is approximately 30° for category A3 multimode fibre for example;

® is a circular angle in polar coordinates;

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

O rmax is the maximum ray angle, which is approximately 30° for category A3 multimode

fibre for example;

ds is the distance between the end of multimode optical waveguide and FFP screen;

O gnd O,, are the calculated centroids discussed in 8.4.
Anlexample of EAF is shown in Figure 9.

A

EAF

1,0

0,8

0,6 VA

04 ~

02 QD

0,0 ) >
0 10 20 30
Angle 6 (degrees)
IEC

Figure'9 — Typical encircled angular flux chart

9 | Results

9.1 Information available with each measurement
Report the following with each measurement:

e |dateand time of measurement;

e identification of source;
e nominal wavelength of source;
e method of centre determination;

e the encircled angular flux at each angle shall be reported after a series of measurements is
completed;

e EAF as a graph as a function of angle 8 (Figure 9), including any specified template limits.

For method B, specify the single-mode fibre and multimode fibre connectors and their lateral
and angular tolerances, if the measurements are referenced to the connector.
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9.2 Information available upon request
The following information shall be available upon request:

e date of most recent calibration of equipment;

method of calibration of equipment;

the integration limit parameters (larger than the angle corresponding to the NA of the
specimen and less than the field of view);

the original images used in the computations;

e |the derived centre, and if different, the centroid image;

¢ |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:

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 0 at which the EAF is to be reported;

o |[the EAF template used to report results;

e |measurement uncertainty.
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Annex A
(informative)

System recommendations —
Measurement method 1: far field optical system

A.1 General

port. Figure A.1 shows an example of an optical system using 78 lens.

f0 objectivelens
/—

N,
! /_—Jj ' Field lens

— _ SN g
2\ | #) ' P —— Imaglng relay lens
a0\ -
:1—/& -t

____._.___;‘._—.L.',‘. e ’, é~‘_ PV VSIS Sy——

CCD

¢ e
Filter port r A J

Figure A.1 — An example of an optical system using an f@ lens

IEQ

A.2 Recommendations

Refommended specifications of the far field optical system are:

M
Rahge of measurement angle to the optical axes: 140° (NA = 0,64)

Q

in lens system: 19 objective lens

Regolution of measdrement angle: 0,1° or less
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Annex B
(informative)

System recommendations —
Measurement method 2: direct imaging

B.1 General

B.1

photodiode or CCD or CMOS detector apart from the case of the integrating sphere wh
tiple internal reflections are permitted.

P Recommendations

The¢ distance L between the imaging device and the waveguide endfacet is much larger than

the
cor
the
stit

Re

core size of the waveguide, so the field captured is the far figld)distribution. It should
firmed that all of the light distribution is detected by the CGD, camera, which may reqy
camera to be moved closer to the light source or altermatively multiple images may
ched together.

commended setup specifications are:

Distance of detection surface from waveguide endfacet: L > D2/i

Ra
Re

nge of measurement angle to the optical axes: 140° (NA = 0,64)
solution of measurement angle: 0,1° or less

be
ire
be
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Annex C
(informative)

Shading effect of CCD devices: incident ray angular sensitivity

C.1 General

Fig

Fig

cture causes the incident angle dependent sensitivity. When FFP image is gotten with
jirect imaging method with CCD camera, the higher angle image data may be affected
shading effect. The shading effect is strongly dependent upon the actual CCD<{prod
cture and the tester should consult the CCD camera manufacturer shading characterist
n adjust the measurement result using the data, although self-correction fungtion may
uded in some CCD devices.

.2 Scheme of shading and example of the characteristics
ure C.1 shows a scheme of shading effect of a CCD device.
ure C.2 shows an example of shading characteristics.
~ ~ A lens of micro Iens array
~
~
. ~
~ ~ CCD device
Principal incide:g
J¥ angle o ~ - /
= N
J / ':0:§
~N
N \L

Peripheral low sensitivity zone of the pixel IEC

Figure C.1 — Scheme of shading effect
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Shading (%)

60 —

40—

30—

20 —

15

Figure C.2 — Example.-of shading characteristics

25
Principal incident ray angle (degreds)

[EC
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Annex D
(normative)

Launch optics for the EAF template compliance test

D.1 General

IEC 61300 1: 2016 Clause 10 specifies an EAF template for A3e optical fibre. However some

Launch fibre shall be wrapped 5 times with a diameter of 10 mm as ‘shown in Figure 0).1.
Wrapping the fibre on a round bar of 10 mm diameter should keep thelrequired state.

Wrapped launch fibre with
a diameter of 10 mm and 5 times

( EAF
measurement

system
e

Launch light

IEC

Figure D.1 — Schematic view of the setup for the EAF compliance test
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS D'INTERCONNEXION
~ ET COMPOSANTS PASSIFS FIBRONIQUES -
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B 3- st mesures — Méthode de mesure du flux angula
d’un guide d’ondes multimodal (fibre incluse)

AVANT-PROPOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compo
He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEG). L’IEC a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation” dans les domaines|
‘électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie;des Normes internation
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration estconfiée a des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison.avec I'lEC, participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon
conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesurg
bossible, un accord international sur les sujets étudiés, étantddonné que les Comités nationaux de I'lEC intéres
sont représentés dans chaque comité d’études.

| es Publications de I'lEC se présentent sous la forme.de recommandations internationales et sont agré
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que |
5'assure de I'exactitude du contenu technique de sés publications; I'lEC ne peut pas étre tenue responsablé
'éventuelle mauvaise utilisation ou interprétatian\qui en est faite par un quelconque utilisateur final.

Pans le but d'encourager l'uniformité interndtionale, les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nation
et régionales. Toutes divergences entre ‘toutes Publications de I'lEC et toutes publications nationales
Fégionales correspondantes doivent.éfre indiquées en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune- attestation de conformité. Des organismes de certification indépend

conformité de I'IEC. L’IEC nlest'responsable d'aucun des services effectués par les organismes de certifical
ndépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité-he doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'l
pbour tout préjddice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que_ce’soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les déper
Hécoulant.de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'l
bu au_crédit qui lui est accordé.

'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat

crit (EAF) fondée sur les données bidimensionnelles de champ lointgi
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ournissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marques| de

tion

Fes,
EC,
que
ses
EC,

ons

referéncées est obligatoire pour une application correcte de la présente publication.

9)

L'attention est attirée sur le fait que certains des éléments de la présente publication de I'lEC peuvent faire I'o

bjet

de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de

propriété et averti de leur existence.

La Norme internationale IEC 61300-3-53 a été établie par le sous-comité 86B: Dispositifs
d’interconnexion et composants passifs a fibres optiques, du comité d’études 86 de I'l|EC: Fibres
optiques

Cette deuxiéme édition annule et remplace la premiére édition parue en 2015. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)

c)

Le

Le

abguti a I'approbation de cette Norme internationale.

Ce

Un

d'interconnexion et composants passifs fibroniques — Procéduresfondamentales d'essais ef
mejsures peut étre consultée sur le site web de I'lEC.

la portée des guides d’ondes applicables, ainsi que la fibre et le guide d’ondes optiques

multimodaux a gradient d’indice ont été inclus;
restructuration de 5.3;

ajout de I'Annexe C et de I'Annexe D.

texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
86B/4343/FDIS 86B/4373/RVD

rapport de vote indiqué dans le tableau ci-dessus donne toute information surile’vote ay|

document a été rédigé selon les Directives ISO/IEC, Partie 2.

b liste de toutes les parties de la série IEC 61300, publiées sous le titre général, Dispos

Ant

tifs
de

Le comité a décidé que le contenu de ce document ne sera,pas modifié avant la date de stabiflité
indjquée sur le site web de I'lEC sous "http://webstofe.iec.ch" dans les données relatives|au
dog¢ument recherché. A cette date, le document sera
e |reconduit,
e |supprimé,
e [remplacé par une édition révisée, ou
e |amendé.
PORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cetfte

= cT =

blication indique qu'elle contient des couleurs qui sont considérées comme utiles| a

e bonne compréhension de son contenu. Les utilisateurs devraient, par conséquer
primer cette publication en utilisant une imprimante couleur.

t,
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Partie 3-53: Examens et mesures — Méthode de mesure du flux angulaire
inscrit (EAF) fondée sur les données bidimensionnelles de champ lointain
d’un guide d’ondes multimodal (fibre incluse)

1 | Domaine d’application

La |présente partie de I'lEC 61300 définit la mesure du flux angulaire inscrit"de sources|de
rayonnement lumineux dotées d’'un guide d’ondes multimodal, pour lequel la plupart des moﬂes
trapsversaux sont excités. On considére que le terme "guide d’ondes" inclut/@la fois des guides
d’ohdes de canal et des fibres optiques, mais pas des guides d’ondes rectangulaires rigides.

Les types de fibres applicables sont les suivants:
o |A1 spécifié dans I'lEC 60793-2-10;

e |A3 spécifié dans I'lEC 60793-2-30;
o |A4 spécifié dans I'lEC 60793-2-40.

2 | Références normatives

Les documents suivants sont cités dans le téxte de sorte qu’ils constituent, pour tout ou paftie
de|leur contenu, des exigences du présent document. Pour les références datées, selule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document|de
réference s'applique (y compris les éventuels amendements).

IEQ 60793-2-10, Fibres optiques — Partie 2-10: Spécifications de produits — Spécification
intgrmédiaire pour les fibres.multimodales de catégorie A1

IEQ 60793-2-30, Optical.fibres — Part 2-30: Product specifications — Sectional specification|for
cafegory A3 multimode fibres (Disponible en anglais seulement)

IEG 60793-2-40;\"Fibres optiques — Partie 2-40: Spécifications de produits — Spécification
int¢rmédiairepour les fibres multimodales de catégorie A4

IEQ 60825-1, Sécurité des appareils a laser — Partie 1: Classification des matériels et exigenges

IEC 61300-1:2016, Dispositifs d’interconnexion et composants passifs fibroniques —
Procédures fondamentales d’essais et de mesures — Partie 1: Généralités et lignes directrices

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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3.1

flux angulaire inscrit

EAF

fraction de la puissance optique totale rayonnée par le coeur d’'un guide d’ondes multimodal
dans un certain angle solide

Note 1 a l'article: L’abréviation "EAF" est dérivée du terme anglais développé correspondant "encircled angular
flux".

3.2
champ lointain de Fraunhofer
chdmp lointain apparaissant lorsque

L > D212

ou
L |est la distance du plan de détection par rapport a la facette d’extrémité‘du’guide d’ondeg;

est le diamétre du coeur du guide d’ondes multimodal, ou au sens,strict, le diametre|du
champ de modes;

A |est la longueur d'onde.
3.3
lentille f0

lentille convertissant 'angle d’incidence du faisceau d’entrée, 6, en hauteur du faisceau|de
sortie, A

Notg 1 a I'article: La relation entre ces deux grandeurs est\i = f0, ou f est la longueur focale de la lentille.

3.

digtribution de puissance modale

MPD

puissance modale relative dans chaqueé groupe de modes d’une fibre multimodale

Notg 1 a l'article: L’abréviation "MPD" est dérivée du terme anglais développé correspondant "mode pdgwer
distfibution".

[SOURCE: IEC 62614-2:2015, 3.5, modifié¢e — Les mots "souvent représentée de manigre
grdphique" ont été supprimés.]

3.5
ouyerture numeérique
NA
sinps du demi-angle au sommet du plus grand céne de rayons méridiens pouvant entrer dans
le ¢ceur-d’Un guide d’ondes optique ou le quitter, multiplié par I'indice de réfraction du miljeu
davI\s lequel est situé le céne

Note 1 a I'article: L’abréviation "NA" est dérivée du terme anglais développé correspondant "numerical aperture".

3.6

diagramme de champ lointain

FFP

distribution angulaire de la lumiére rayonnée par le coeur d’un guide d’ondes, qui correspond a
la distribution de la puissance optique sur un plan normal a 'axe du guide d’ondes a une
certaine distance de sa facette d’extrémité

Note 1 a l'article: La distance dépend de la plus grande section du guide d’ondes, a, de la longueur d’onde, 4, et
de I’angle, ¢ par rapport a I'axe optique. Dans la région de champ lointain, la forme de la distribution ne change pas
lorsque la distance par rapport a la facette d’extrémité du guide d’ondes augmente; la distribution est simplement
mise a I’échelle avec la distance, L.
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image de champ lointain

dia

gramme de champ lointain formé sur un dispositif d’imagerie

L’abréviation "FFP" est dérivée du terme anglais développé correspondant "far field pattern”.

3.
filt
filt
filty

Not
4

Leg
I'l B}
cor

5

5.1

Le
les
un
ext
sol
exe

e a densité neutre
re ND
e qui atténue de maniére égale le rayonnement lumineux de toutes les couleurs

e 1 a l'article:  L’abréviation "ND" est dérivée du terme anglais développé correspondant "neutral density".
Conditions de mesure

fibres optiques qui sont appliquées a cette mesure sont spécifi€es dans I'lEC 60793-2-
C 60793-2-30 et I'lEC 60793-2-40. Les conditions ambiantes de mesure doiy
respondre aux conditions atmosphériques normales spécifiees dans I'lEC 61300-1.

Appareillage
Généralités

modes de gaine soient extraits en traversant le guide d’onde. Le revétement de la fibre
revétement protecteur serré suffit souvent pour remplir cette fonction. En variante,

rce. Un extracteur de modes de gaine type convenant pour une fibre optique est obtenu
mple avec un nombre suffisantd’enroulements de la fibre autour d’'un mandrin d’un diam§

approprié. Les enroulements.ont’ également un effet essentiel plus important en ce qu

ren
Il g
exd
de
FF
cor

5.2

5.2,

plissent entierement les.modes transversaux sur le diamétre maximal des champs de mo
onvient de vérifier qué_tous les modes transversaux de la fibre sont suffisamment b
ités. Voir I'Annexe D. Ceci peut étre réalisé en comparant les FFP pour différentes longue
la fibre d’injectionfou’ différentes sources de rayonnements lumineux. Lorsque la forme
P ne varie plus-a.mesure que la longueur de la fibre d’injection augmente, il est inutile
tinuer a augmenter la longueur.

Méthode de mesure 1: imagerie de lentille f0

1 Généralités

10,
ent

guide d’ondes optique source multimodal doit étre d'une longueur suffisante pour que tpus

ou
un

racteur de modes de gaine doit étre utilisé dans la fibre optique multimodale d’injecfion

bar
tre
ils
de.
ien
urs
du
de

En

theorie, celle methode de mesure qui est effectivement une methode oplique cohere

te

pour effectuer une transformation de Fourier du champ proche en champ lointain en utilisant
une lentille, ne fonctionne pas bien si I’on utilise des sources optiques a trés large bande. Il a
été démontré expérimentalement qu’elle fonctionnait suffisamment bien pour des sources d’une
largeur de bande allant jusqu’a 30 nm, qui sont les plus couramment utilisées.

La Figure 1 ci-dessous représente la configuration de I'appareillage. Le systéme de mesure est
constitué d’un micropositionneur, d’'un systéme optique a large bande de champ lointain, d’un
dispositif d’imagerie (par exemple une caméra) et d’'un ordinateur (module analyseur d’EAF).
Un type de caméra (dispositif d'imagerie) approprié doit étre choisi en fonction de la longueur

do

nde soumise a essai.
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Guide d'ondes Systeme optique de FFP Caméra
optique a fibre (dispositif d’imagerie)
incluse [-
) *

Micropositionneur

Ordinateur
(module analyseur d’'EAF)

IEC

Méthode de mesure 1: imagerie de lentille f0

5.2.2 Micropositionneur

Le |micropositionneur doit maintenir la source optique (guide d’ondes inclus)/ et pouvoir|se
aplacer dans trois directions (X, Y, Z). Un mouvement angulaire du systéme optique lest
mmandé.

le
nnement lumineux, provenant du guide d’ondes multimodal, en une image de chaI:p
p

lointain pour adapter le détecteur d’'image du dispositifrd'imagerie et de régler l'intensité
ineuse pour empécher une saturation. Le systéme.optique de FFP est choisi de manierg a
fonictionner a la longueur d’onde de mesure sur teute la largeur de bande de mesure exigée

pour correspondre a celle du systéme de détection. Voir I'"Annexe A pour de plus amples
informations.
Lentille d’objectif 16 Lentille de champ Lentille relais d'imagerie
: e B
A U Dt I ,
? — '/ %

. ' " 7
I AT s ) E N SN DN %_

IEQ
Figure 2 — Schéma du systéme optique de champ lointain

5.2.4 Dispositif d'imagerie

Un| dispositif d'imagerie comprend une caméra, un dispositif de transfert de charge (CCD,
charge-coupled device), un dispositif & semiconducteur complémentaire a oxyde métallique
(Cl'lOS, L,umpicmcntaly metatoxide bclllibunduutw), etc: qui peut détecter—des illlagcb. Le
détecteur est habituellement un CCD ou un CMOS. Le type de dispositif d'imagerie doit étre
choisi en fonction de la longueur d’onde de mesure. Une mesure de l'intensité absolue n’est
pas exigée.

5.2.5 Ordinateur (module analyseur d'EAF)

Puisque I'image acquise contient des milliers de pixels et que la conversion de I'image en flux
angulaire inscrit nécessite d'importants calculs, un ordinateur est nécessaire. L’ordinateur doit
étre raccordé au dispositif d'imagerie par I'intermédiaire d’'une carte d’acquisition d’'image (ou
avec un circuit d’acquisition d’image incorporé), et un logiciel d’analyse de faisceau qui permet
a l'ordinateur de fonctionner comme un module analyseur d'EAF doit étre installé.
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5.3 Méthode de mesure 2: imagerie directe
5.3.1 Généralités

Avec cette méthode, les images de champ lointain sont directement acquises par un dispositif
d’'imagerie sans aucun systéme optique. La distance entre le guide d’ondes optique source
soumis a essai et le dispositif d'imagerie doit étre d'une longueur suffisante pour atteindre le
champ lointain de Fraunhofer.

NOTE Un dispositif CCD est généralement constitué d’'une pointe semiconductrice de CCD et d’un réseau de
microlentilles permettant d’obtenir une grande sensibilité en pratique. Puis, la structure génere en conséquence un
effeft dombrage qui correspond a Ta sensibilité en fonclion de Tangle d’incidence. Pour de plus amples informatipns,
voirllI'Annexe C et la Figure 3.

Se|reporter a I'Annexe B pour les informations détaillées de la configuration du_dispositif
d'imagerie.

Lonsque I'image de champ lointain est plus grande que la zone couvertépar le dispositif
d’imagerie, plusieurs images doivent étre prises et assemblées afin de former une image|de
champ lointain compléte.

5.3.2 Micropositionneur

Le |guide d’ondes source multimodal d’entrée et le détecteur\a) photodiode (DP) doivent tpus
dedix étre montés sur des éléments de translation motorisés.‘Ces éléments doivent fonctionper
tanI! pour un alignement grossier avec un déplacement pafr.échelons de dixiemes de millimétfres
podir la position large, que pour un alignement Qrécis avec un réglage par échelpns
submicroniques permettant d’augmenter au maximum)la lumiére traversant le guide d’ondes.

5.3.3 Dispositif d'imagerie

Un|dispositif d'imagerie comprend une caméra, un dispositif de transfert de charge (CCD),|un
dispositif a semiconducteur complémentaire a oxyde métallique (CMOS), etc. qui peut détegter
deg images. Un plan de dispositif d’imragerie sans aucun systéme de lentille doit étre installé
suffisamment loin de la facette du guide d’ondes multimodal d’injection de la source optique
pour se trouver dans le champ lointain de Fraunhofer.

Le [dispositif d’imagerie peut étre, par exemple, une caméra CCD dont la lentille a été retirge,
de |sorte que la distribution de lumiére tombe directement sur la puce CCD. La position latérale
pal rapport a I'axe optigue dans le champ lointain doit étre convertie en angle de divergence
pall rapport a I'axe.optique. L’angle est I’'arc tangent du rapport de la position latérale X oy Y
surlla distance L. Une mesure précise de L exige donc le plus grand soin.

5.3.4 Ordinateur, régulateur de position et acquisition d’image

L’ordinateur régule la position du dispositif d'imagerie (caméra) de maniére a acquérir la ou|les
images-adéquates. Sil'image de champ lointain est trop grande pour qu’une seule image puisse
étre—Tapturée,teTégutateur imformatise deptace e dispositif—d*immagerie dans—différemntes
positions pour acquérir plusieurs images qui sont ensuite réunies en une seule image de champ
lointain.
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