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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

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

-ased

FOREWORD
The International Electrotechnical Commission (IEC) is a WorIdWlde [o) anlat|on fo Y ation comprising
aII natlonal eIectrotechnlcaI commlttees (IEC Natlonal ) i IEC is to promote

this end and in addltlon to other activities, ec¢hnical Specifications,

Technical Reports, Publicly Available Specifications i ter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical ¢com B National Committee interested
in the subject dealt with may participate in this prp por i , governmental and non-
governmental organizations liaising with th gi i ! pration. |IEC collaborates closely

with the International Organization for a ) 0 ¢e with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on ica express, as nearly as possible, an international
consensus of opinion on the relevant subjects since ®ach p
interested IEC National Committees.

In order to prom i
transparently to
D b F

between any IEC

the latter.

IEC itself does nt provi e ioh of conformity. Independent certification bodies provide conformity
assessment \ e areas, access to IEC marks of conformity. IEC is not responsible for any
services carfied ou ertification bodies.

All users that they Yiave the latest edition of this publication

No liabi o IEC or its directors, employees, servants or agents including individual experts and
members ofN > mittees and IEC National Committees for any personal injury, property damage or

other damage © yature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out 60f the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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.

A list of all parts in the IEC 61300 series, published under the general title, Fibre optic
interconnecting and passive components — Basic test and measurement edures, can be
found on the IEC website.

The committee has decided that the contents of this publication G
the stability date indicated on the IEC website under "http://webstore.i invthe data

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amended.

A bilingual version of this publication yb

understanding of its|co

colour printer. 0
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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

modes are
and optical

step index multimode waveguide light sources, in which mo
excited. The term waveguide is understood to include both
fibres but not slab waveguides in this standard.

are indispensable for itsa . ) references, only the edition cited applies. For
undated references, diti of the referenced document (including any
amendments) a.

For the 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
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, a, thé\wavelgng

, lampda and the
angle, ¢, to the optical axis. It is abbreviated to FFP. In the far field region the sh }

I~ 2a2(cos (0)2
A
3.5
far field image
far field 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

5 Apparatus

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 2

H )

Micro-positioner

\ Computer

(EAF analyser module)

IEC

Figure 1 — Apparatus configura nent method 1: f@lens imaging
5.2.2 Micro-positioner
The micro-positioner shal i g\ah optical waveguide and moving in three
directions (X, Y, Z). p rols are recommended.
5.2.3 FFP op@s
As shown in Figure lens can directly convert input the light from the
multimode wavegaide age, however, scaling the far field image in order to fit
the image senso nera~and adjustment of the light intensity in order to prevent

saturation

measurement\wavelerngth acrod$s the required measurement bandwidth to match that of the

detectiof syster. See Annex A for more information.
Field lens Imaging relay lens
. - -J-".: — _1;_——-_____|Ifﬁ ) e
// llll -‘--.-""--
el I T L e

=
/
/
/

IEC

Figure 2 — Far field optical system diagram

5.2.4 Camera

Although, the detector is typically a charge-coupled device (CCD) or a complementary 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 radiometric
measurement of flux (optical power flow) is not required.
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