IEC 61300-3-47:2014-07(en)

IEC 61300-3-47

Edition 1.0 2014-07

INTERNATIONAL
STANDARD

colour
inside

Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures —

Part 3-47: Examinations and measurements — End face geometry of PC/APC
spherically polished ferrules using interferometry

und usym pajjonuodun “papiwiad si uonnquasip Jo uononpoidal Jaylny ON “UOSIPeN Sawer AQ 4 T0Z-2Z-A0N UO PapeOjUMOp ‘W02192.1Syda)'suonduasgns “au| ‘(aynusios) siainay uoswoy ] Aq owaq ¥g 01 pasuadl| [euarew pajybuAdod



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing more than 30 000 terms and
definitions in English and French, with equivalent terms in 14
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

More than 55 000 electrotechnical terminology entries in
English and French extracted from the Terms and Definitions
clause of IEC publications issued since 2002. Some entries
have been collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

juLId usym pajjonuodun "paniwiad Si uonnguisip 1o uononpoJdal Jayuny oN "UuosIpe sawer Aq $T0Z-/Z-A0N UO Papeojumop ‘Wwod°19a1syda)suonduasgns “auj ‘(aunualos) sisinay uoswoyl Aq owsg yg 01 pasusl| eusrew pajybuidod


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

IEC 61300-3-47

Edition 1.0 2014-07

INTERNATIONAL
STANDARD

colour
inside

Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures —

Part 3-47: Examinations and measurements — End face geometry of PC/APC
spherically polished ferrules using interferometry

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION PRICE CODE Q
ICS 33.180.20 ISBN 978-2-8322-1708-5

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

® Registered trademark of the International Electrotechnical Commission

wd usym pajjosuodun paniwiad si uonnguisip Jo uononpoldal Jayunj oN "UOSIPRN sawer Ad $T0Z-/Z2-A0ON UO papeojumop ‘wod-19alisyoarsuonduasgns oul ‘(d1nuaios) sisinay uoswoyl Ag owsq Hg 01 pasuadl| [euarew paybuAdod



-2- IEC 61300-3-47:2014 © IEC 2014
CONTENTS

L@ T T @ T I L PP 3
s Lo o - 2 5
2 Terms and definitioNS ... e 5
3 Measurement by iNterferOmMEeter ... ..o 7
3.1 (€T =T o =T - | PP 7
3.2 Ferrule/connector NOIAET .. ... e 7
3.3 Optical interferomMetriC SYSEM ... ... 8
3.4 MICrOSCOPE WIth CAMBIA. ... e i e 8
4  Requirements for the iNterferOmMeter .. ... 8
4.1 XY calibration (radius Of CUMVAtUIE) .......oouiiiiiii e 8
4.2 Z calibration (fibre height) .......cooriii e 8

4.3 Alignment of ferrule axis with the interferometer’s optical axis (apex offset
CaAlIDIATION) .. e 8
4.4 Tilt @Nd KEY ANGIe .o 8
5  Measurement MEtNOA ... ....oiiriiii e 8
5.1 (€T =T o =T - | PP 8
5.2 MEASUIEMENT FEUIONS ...ttt e et ettt e e e e ea e eneens 9
5.3 Measurement procedure for the radius of curvature ... 9
5.4 Measurement procedure for the dome eccentricity (apex offset)............ccoeeevennneen. 10
5.5 Measurement procedure for fibre height....... .o 10
6  Details t0 he SPECITIEA ..ouuii i 13
Annex A (normative) Calibration for the interferometer............cooiii i, 14
Al XY CaliDIAtION Lo 14
A.2 Z CAlIDIALION . et 14

A.3 Alignment of the ferule axis with the optical axis of the interferometer (“apex

OffSEt CalIDratioN™) ...ie i 14
A4 Tt @Nd KEY ANgIe ..o 14

Annex B (informative) Measurement procedure for end face “angle error” of angled
(odo Y V2= D ql o o1 1] g =0 I 1= (01 =S 15
Annex C (informative) Formula for calculating ferrule end face geometry ..........cccccooeiiiinnnnn. 17
Figure 1 — Radius of curvature of a spherically polished ferrule end face ...........ccooevevinennnnn. 5
Figure 2 — Apex offset of a spherically polished ferrule end face..........ccoooviiiiiiiiinin e, 6
Figure 3 — Fibre height of a spherically polished ferrule end face ..........c.coooiiiiiiii, 6
Figure 4 — Ferrule end face angle for spherically polished ferrules.............ooooiiiii, 7
Lo OISR LN (=T =T o =1 (] e 7
Figure 6 — Ferrule end face and measurement regioNS .......cocuvveiiiiiiiiieie e 9
Figure 7 — Ferrule end face SUITaCE ..o e 11
Figure 8 — Fitting region and averaging region of the ferrule end face surface ...................... 11
Figure 9 — Converted end face surface of the ferrule..........cooviiiiii e, 12
Figure 10 — Converted ferrule end face surface without the extracting region........................ 12

Figure B.1 — Example of key error calculated from interference pattern for a convex
[aToTTE] g T=To I £ o U1 [P 15

uld usym pajjonuooun ‘panwiad si uonnguUIsIp 1o uonanpoidal Jaylny ON UoSIpeN sawer AQ #T0Z-2Z-A0N U0 PapeojuMOp ‘Wo9°1831syda)suonduasgns auj ‘(d41ualos) sisinay uoswoyl Aq owsag yg 01 pasusol| eusrew pajybkdo)d



IEC 61300-3-47:2014 © IEC 2014 -3-

1)

2)

3)

4)

5)

6)

7

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3-47: Examinations and measurements —
End face geometry of PC/APC spherically
polished ferrules using interferometry

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply |IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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 61300-3-47 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics.

This standard merges IEC 61300-3-15, IEC 61300-3-16, IEC 61300-3-17 and IEC 61300-3-23.
After publication of this standard IEC 61300-3-15, IEC 61300-3-16, IEC 61300-3-17 and
IEC 61300-3-23 will be withdrawn.
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The text of this standard is based on the following documents:

FDIS Report on voting
86B/3773/FDIS 86B/3805/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 procedures, can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
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 3-47: Examinations and measurements —
End face geometry of PC/APC spherically
polished ferrules using interferometry

1 Scope

This part of IEC 61300 describes a procedure to measure the end face geometry of a
spherically polished ferrule or connector. Within this standard the words “ferrule” and
“connector” can be used interchangeably.

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

2.1

radius of curvature

B

radius of curvature of the portion of the spherically polished ferrule end face which is domed
for physical contact

Note 1 to entry: It is assumed that the end face is spherical, although in practice the end face is often aspherical
(see Figure 1).

IEC

Figure 1 — Radius of curvature of a spherically polished ferrule end face

2.2

apex offset

C

distance between the axis of the ferrule and the line parallel to the axis which passes through
the vertex (or highest point on the dome), formed by spherically polishing the ferrule, as
shown in Figure 2
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Apex or highest

Apex offset (C) - j/ point on dome

L=

L. Ferrule

\/G

~ Axis of ferrule

IEC

Figure 2 — Apex offset of a spherically polished ferrule end face

2.3

fibre height

average distance between the fibre end face and a virtual spherical surface which is fitted to
the spherically polished ferrule end face (see Annex C)

Note 1 to entry: It is assumed that a circular region of the ferrule end face, which is centred to the ferrule axis, is
spherical although in practice the end face is often aspherical. A positive value indicates fibre undercut (see Figure
3a). A negative value indicates fibre protrusion (see Figure 3b).

Virtual spherical surface

Spherically polished
______________ / / ferrule end face

Fibre height

Ferrule Fibre Adhesive

IEC

Figure 3a — Fibre height +A

Figure 3b — Fibre height —A (protrusion)

Figure 3 — Fibre height of a spherically polished ferrule end face
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2.4

end face angle

angle (6) between the plane perpendicular to the axis of the ferrule, and the straight line
tangent to the polished surface at the fibre centre in the direction of the nominal angle (see
Figure 4)

Plane perpendicular
to this fibre axis A

Eerrule Fibre axis

Straight line tangent to
the polished surface

IEC

Figure 4 — Ferrule end face angle for spherically polished ferrules

3 Measurement by interferometer

3.1 General

A typical interferometer configuration is shown in Figure 5. The apparatus consists of a
suitable ferrule/connector holder, an optical interferometric system combined with a
microscope and a camera.

! I
|
I Mirror :
( —— '
: Camera :
|
! I
Holder " Object |
: Lens — :
: Beam :
: splitter |
I I
! I
! I
! I
! I
! — I
: I
Ferrule | Light :
1 source
. ! X
! I
L o o o e e o e e I
7 Y

Figure 5 — Interferometer

3.2 Ferrule/connector holder

This is a suitable device to hold the ferrule/connector in a fixed alignment position with
respect to the optical axis of the interferometer. The holder is designed such that the portion
of the ferrule closest to the end face is secured by the holder. The ferrule shall be aligned by
holding it over a distance of at least twice the ferrule diameter. The ferrules axis should be
adjustable in order to make it parallel to the optical axis of the interferometer. Alternatively,
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this can be carried out by positioning the reference mirror of the interferometer. For angled
polished ferrules adjustments are necessary to align the polish angle axis with the optical axis
of the interferometer.

3.3 Optical interferometric system

A suitable optical interferometric system (for example a Michelson interferometer) displays an
image with interference fringes of the ferrule’s end face.

3.4 Microscope with camera
The image of the end face is projected on to the camera with a minimum field of view of
250 um. Software processes the image(s) and calculates the required parameters.

4 Requirements for the interferometer

4.1 XY calibration (radius of curvature)

The interferometer shall have the ability to measure the radius of curvature with measurement
uncertainty better than £0,1 mm for radii from 5 mm to 30 mm. See Annex A.

4.2  Z calibration (fibre height)

The interferometer shall have the ability to measure the fibre height with measurement
uncertainty better than +£10 nm. See Annex A.

4.3 Alignment of ferrule axis with the interferometer’s optical axis (apex offset
calibration)

The interferometer shall have the ability to measure the apex offset with a maximum

difference of less than 5 um between two measurements where the second measurement is
made after rotating the ferrule by 180°. See Annex A.

NOTE This test is only possible with non-angled ferrules.
4.4  Tilt and key angle

When measuring angled connectors, calibration of the holder position is required.
Measurement of a flat polished ferrule should have a measurement uncertainty better than
+0,1° for the key angle and +0,03° for the tilt angle.

NOTE The key angle is the angular rotational misalignment between the ferrule mating surface of an angled end
face connector, and its design orientation angle with respect to its key (see Annex B).

5 Measurement method

5.1 General
For all measurements, the instrument should be adjusted such that

a) a sample is placed in the measurement holder,
b) the image of the ferrule end face in the fibre zone is seen on the monitor,
c) the interference fringes appear on the ferrule end face,

d) the ferrule axis is correctly aligned with the optical axis of the interferometer (“apex offset
calibration”),

e) all other instrument calibrations have been performed,
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f) the system is configured according to the type of measurement to be performed (e.g. PC
or APC ferrule/connector).

5.2 Measurement regions
Three regions shall be defined on the ferrule end face for the measurement (see Figure 6).

a) Fitting region: the fitting region is set on the ferrule surface, and defined by a circular
region having a diameter, D, minus a circular region having a diameter, E, (the extracting
region). The fitting region shall be defined in order to cover the contact zone of the ferrule
end face when the ferrule is mated.

b) Extracting region: the extracting region, which includes the fibre end face region and the
adhesive region, is defined by a circle having a diameter E.

c) Averaging region: the averaging region is set on the fibre surface, and defined by a
circular region “having a diameter F”. This region is used for fibre height A averaging.

The 3 regions should be concentric on the ferrule axis. For connectors with 125 um nominal
fibre diameter and a radius of curvature of nominally 5 mm to 30 mm, the values of the
diameters D, E and F are as follows:

D= 250 um
E= 140 um
F= 50pum
2D
OE
oF
L— 7
| —
Fitti .
Fibre endface \ itting region
» Extracting region
_
_ L Averaging region
—
Ferrule
Fibre endface
S~
Ferrule endface
Ferrule Fibre Adhesive

Figure 6 — Ferrule end face and measurement regions

5.3 Measurement procedure for the radius of curvature
The following steps shall be taken:

a) Measure the surface of the end face with the interferometer, recording the three-
dimensional surface measurement data on its surface data processing unit (see Figure 7).

b) Correct the surface data, taking into account the refractive indices and the absorption
coefficients of the fibre and the ferrule.
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Using the data from the fitting regions, calculate the “best fit” radius of curvature
(Annex C).

Measurement procedure for the dome eccentricity (apex offset)

The following steps shall be taken:

a)
b)

c)

5.5

Measure the surface of the end face with the interferometer, recording the three-
dimensional surface measurement data on its surface data processing unit (see Figure 7).

Correct the surface data, taking into account the refractive indices and the absorption
coefficients of the fibre and the ferrule.

From the analysis of the interference image(s) the normal distance between the centre of
the sphere (Annex C) fitted to the surface over the fitting region and the fibre axis shall be
measured. This value corresponds to the apex offset.

Measurement procedure for fibre height

The following steps shall be taken:

a)
b)

c)

Measure the surface of the end face with the interferometer, recording the three-
dimensional surface measurement data on its surface data processing unit (see Figure 7).

Correct the surface data, taking into account the refractive indices and the absorption
coefficients of the fibre and the ferrule.

Using only the data within the averaging region and the fitting region evaluate A (see
Figure 7 to Figure 10 and Annex C).

The calculation shall be as follows:

1)

2)

Create a converted surface from the corrected surface data by subtracting the “best fit”
radius of curvature from the spherical surface data between the fitting region. The fitting
region of the converted surface may be flat when the ferrule end face has an ideal
spherical surface (See Figure 9).

Calculate an average surface height on the fibre averaging region and an average surface
height on the fitted ferrule portion from the converted surface. The fibre height, A, is
measured as the difference between the two average surface heights, as shown in Figure
10. A positive value indicates fibre undercut. A negative value indicates fibre protrusion.
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Figure 7 — Ferrule end face surface

<
Fitting region
Figure 8 — Fitting region and averaging region of the ferrule end face surface
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Figure 9 — Converted end face surface of the ferrule
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Averaging region (F)

IEC

IEC

Figure 10 — Converted ferrule end face surface without the extracting region

The difference in refractive indices and the absorption coefficients between the ferrule and
the fibre should be taken into account when processing the measured surface data. If the
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procedure is done without consideration of the difference, the procedure described in this
clause may not accurately show the fibre undercut or protrusion.

6 Details to be specified

The following details, as applicable, shall be specified in the relevant specification:

— Type of interferometry;

— Nominal angle of tilt, e.g. PC/APC;

— Instrument configuration (keying adapter, ferrule holder etc.);

— Rotational tolerance of the ferrule position in the holder (key angular error);
— Any deviation from this method,;

— Measurement uncertainty.
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Annex A
(normative)

Calibration for the interferometer

A.1 XY calibration
An XY calibration is required when the requirements of Clause 4 cannot be met.

The interferometer shall be calibrated in XY directions (if a Z calibration has already been
performed beforehand), by measuring an artifact with a spherical surface — previously
measured with a mechanical method. Example: contact gauge.

Alternatively an etched wafer with a calibrated grid pattern for the XY calibration can be used.

A.2 Z calibration

If the interferometer is based on the monochromatic phase-shifting method: use a step height
artifact with a nominal step height less than one-quarter of the wavelength of the light source
used in the interferometer.

If the interferometer uses the white-light interferometry method, use step height artifact with a
nominal step height of approximately one-quarter to three-quarters of the Z scanning range of
the interferometer.

A.3 Alignment of the ferule axis with the optical axis of the interferometer
(*“apex offset calibration™)

The calibration for non-angled PC connectors is to measure the apex offset positions while
rotating the ferrule by (for example) 60° steps and calculating the centre made by the 6 apex
offset measurements by fitting a circle using the least-square fit method. Once calculated,
translate this point to the centre of the fibre by aligning the ferrule/connector holder or the
reference mirror of the interferometer. For angled connectors, see Clause A.4.

A.4 Tilt and key angle

Tilt and key angle calibration is required when angled connectors are measured and the
requirements of 4.4 cannot be met.

Two methods are used (reference procedure is b):

a) Calibrate the instrument as per Clause A.3 then rotate the connector holder or the optical
system by a calibrated nominal angle (e.g. 8°).

b) Calibrate the holder or mirror orientation with an artifact measured with a mechanical
method. Example: contact gauge. This artifact should simulate a connector with its
orientation key and compose of a flat tilted surface. For the key error compensation, a
software based compensation may be used.
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Annex B
(informative)

Measurement procedure for end face “angle error”
of angled convex polished ferrules

For a convex polished ferrule, the radius of curvature, B, and the apex offset component in
the direction of the angle K are calculated from the analysis of the interferometric fringes (see
Figure B.1). The value of the angle error is calculated from the value of B and K, (Equation
[B.1]). The value of the key error is calculated from the values of B and K,, (Equation [B.2]).
When measuring angled convex polished ferrules, in addition to tilting the connector with
respect to the interferometer, an adapter or keying mechanism should also be installed on the
interferometer. This keying mechanism is designed to constrain the rotational orientation of
the ferrule with respect to its key.

4

IEC

Figure B.1 — Example of key error calculated from interference pattern for a convex
polished ferrule

From the analysis of the image(s) the component in the angle direction K,, which is the
distance between the apex and the fibre centre shall be calculated (see Figure B.1). The
value of the angle, also called “angle error” shall be:

[B.1]

0= arctan(KXjH?o
R

From the analysis of the image(s) the component in the angle direction K,,, which is the
distance between the apex and the fibre centre shall be calculated (see Figure B.1). The
value of the angle, also called “key error” shall be:

K [B.2]
o = arctan ?y
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It is important to understand that key error is calculated from the vertical component of the
apex offset (K, in Figure B.1l) using Equation [B.2]. Although related, it should not be
confused with t%e physical rotational degrees of the ferrule. Due to the mechanical advantage
created by tilting the connector (or interferometer), repeatability of this measurement will be
determined by how accurately the key can be constrained and other factors, such as the
tolerances of the inner key components. This is especially true for “floating ferrule” connector
designs.
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Annex C
(informative)

Formula for calculating ferrule end face geometry

The ideal spherical surface being calculated for single fibre connectors is described by the
following formula:

(X-X0)? + (Y-Y) 2 + (Z-Z) 2 = B2 [C.1]

where (Xq, Yq, Zg) is the set of coordinates of the centre of the sphere and B is its radius.
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