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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE OF MEASUREMENT METHODS AND TEST PROCEDURES -
BASIC TESTS FOR POLARIZATION-MAINTAINING OPTICAL FIBRES

FOREWORD

1) 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
interpational co-operation on all questions concerning standardization in the electrical and>~electronic felds. To
this 3 ifications,

Techpical , i i ificati i ¢ as “IEC
Publjcation(s)”). Their preparation is entrusted to technical committees; any IEC Nati mi interested
in the subject dealt with may participate in this preparatory work. gti € nd non-
governmental organizations liaising with the IEC also participate in this prepakation. [k g$ closely
with |the International Organization for Standardization (ISO) in accorda \ iti ined by
agre¢ment between the two organizations

2) The formal decisions or agreements of IEC on technical matters exp ible, i national
consensus of opinion on the relevant subjects since each technica Aittee, he [ i from all
intergsted IEC National Committees

3) IEC National
Com ) t of IEC
Publ cations |s accurate, z ible in “whi for any

lications

tran egional publications. Any dijyergence
betwgen any IEC Publication and the corre egional publication shall be clearly indjcated in
the latter.

5) IEC |tself does not provide & i ) ity. Independent certification bodies provide cqgnformity
assepsment services and, 3 ; s of conformity. IEC is not responsiblg for any

services carried out by iR

6) All ugers should ensure tha
7) No lipbility shall 4 , employees, servants or agents including individual experts and
mempers of its te atftonal Committees for any personal injury, property dgmage or
othel damage of ah her direct or indirect, or for costs (including legal fges) and

expenses arising o b icat ge of, or reliance upon, this IEC Publication or any ofher IEC
Publjcations.

8) Atterftion i 2 e references cited in this publication. Use of the referenced publicptions is
indis ion of this publication.

9) Atterjtion s to. thre’ possibitity that some of the elements of this IEC Publication may be the spibject of
patentr ) & held responsible for identifying any or all such patent rights.

The mai IEC\technical committees is to prepare International Standards. Howgver, a
technidal committee_may propose the publication of a technical report when it has cqllected

data of| aldifferent kind from that which is normally published as an International Standard, for
example. “stato nfthe art"

IEC/TR 62349, which is a technical report, has been prepared by subcommittee 86A: Fibres
and cables, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2005. It constitutes a
technical revision.

In this edition, guidance of measurement methods and test procedures for dimensional
characteristics, cut-off wavelength, mode field diameter and beat length of polarization-
maintaining optical fibres have been added. Thus, the title of the technical report is changed
to “Guidance of measurement methods and test procedures — Basic tests for polarization-
maintaining optical fibres” from “Guidance for polarization crosstalk measurement of optical
fibre”.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting

86A/1488/DTR 86A/1507/RVC

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

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

The cdmmittee has decided that the contents of this publication will re
the stgbility date indicated on the IEC web site under "http://webstg

related| to the specific publication. At this date, the publication will be

* recpnfirmed,

e withhdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be iss(e

sochanged until

e data

IMPORTANT - The “colour inside” lpgon th &@age of this publication ing
that it contains colours ich areco si to be dseful for the correct underst
of its gontents. Users should\therefore\pri hi blication using a colour print

icates

nding

r.

>
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GUIDANCE OF MEASUREMENT METHODS AND TEST PROCEDURES -
BASIC TESTS FOR POLARIZATION-MAINTAINING OPTICAL FIBRES

1 Scope and object
This technical report applies to polarization-maintaining (PM) optical fibres.

The ohject of this report is to define test procedures to be used in establishing uniform
requirgments for the geometrical and transmission properties of PM fibres

2 Nagrmative references

The following documents, in whole or in part, are normatively re

undated references, the Ilatest edition of the
amendments) applies.

IEC 60Pp68-1, Environmental testing — Part 1: Getre

IEC 60[f93-1-20:2001, Optical fibres — edures

— Fibrel geometry

IEC 60[f93-1-44, Optical fibkes — Part — Cut-
off wayvelength

IEC 60[F93-1-45:2001, edures
— Modg field dia r

IEC 60 ures —
Polariz

3 Te

For the

NOTE IE

3.1

polarization-maintaining optical fibre

PM fibre

optical fibre capable of transmitting, under external perturbations such as bending or lateral
pressure, both independently of or either of the polarization modes HEX,; and HEY; whose
directions of electric field vector intersect orthogonally with each other and which have
different propagation constants

1 Numbers in square brackets refer to the bibliography.
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3.2
phase beat length

one cycle of the periodical coupled polarization state by the phase difference of two linear-

polarization modes intersecting orthogonally in the PM fibre

Note 1 to entry: Small beat length results in high polarization maintaining capability

3.3
group beat length

one cycle of the periodical coupled polarization state by the group delay difference of two

linear-polarization modes intersecting orthogonally in the PM fibre

Note 1 t§ enfry: Small beat length results in high polarization maintaining capability-

3.4
polarization crosstalk

strength of coupling of the two polarization modes intersecting or
within & polarization-maintaining optical fibre, representing the ratiQ i o
the fible of one polarization mode launched at the input end to the opdi
polarization mode exiting the fibre when only the former pg
9.2.2.4(2)

4 Testing conditions

Unless| otherwise specified, the test I
IEC 60068-1. However, when it is diffic
the test can be conducted in conditio
doubts|will arise about judgments.

5 Guyidance for dimens
maintaining opt i

5.1

Clause]
charac

5.2

This te|
which

e clafldingdiameter;

N other
exiting
b other

see also

ified in

ditions,

hat no

nsional

M fibre

e cladding non-circularity;

e core concentricity error.

Two methods are described for measuring dimensional characteristics of PM fibre:

e Method A: Refracted near-field;
e Method B: Grey-scale technique of near-field light distribution.

Information pertaining to each individual method is given in Annexes A and C of IEC 60793-1-

20:2001. Only notes for PM fibre are described below.

For a general optical fibre, a circle-fitting is used to determine the core centre. However, as
for the PM fibre, in particular the elliptical core PM fibre, the core centre cannot be

determined if an ellipse-fitting is not used, because the fibre has an oval core.
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Method B is the reference test method (RTM), which is the one used to settle disputes.

6 Guidance for cut-off wavelength measurement of polarization-maintaining

6.1

optical fibres

Object

Clause 6 describes a measurement method and a test procedure for the cut-off wavelength,
A of PM fibres.

6.2 Dverview of method

The me ng the
cut-off ndition
(Ae)-

Information pertaining to each individual method is given S g tes for
PM fib

As sho tion to
excite ly than
the cutt

The re¢ ibre cut-
off way

7 Guyidance for m neasurement of polarization-maintaining

71

Clause]
(MFD)

optical fibres

Methoed B: variable aperture in the far field;

ar-field scan;

hods and test procedures for the mode field digmeter

Method C: near-field scan.

Information pertaining to each individual method is given in Annexes A, B and C of
IEC 60793-1-45:2001. Only notes for PM fibre are described below.

The MFD of the PM fibre is non-axisymmetric in principle. The MFD is measured in the same
directions by rotating the fibre around the axis properly. The azimuthal dependence of the
MFD of a stress induced PM fibre and an elliptical sheath PM fibre are relatively small. On the
other hand, the azimuthal dependence of the MFD of an elliptical core PM fibre is relatively
large. The MFD of a stress induced fibre and an elliptical sheath PM fibre may be measured
without rotating the fibre complying with the demand of a required accuracy of the customer
depending on the measurement method.
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In Method A, the MFD of a stress induced PM fibre and an elliptical sheath PM fibre may be
measured without rotating the fibre complying with the demand of a required accuracy by the
customer.

In Method B, the MFD of a stress induced PM fibre and an elliptical sheath PM fibre may be
measured complying with the demand of a required accuracy of the customer. The MFD is
measured as an axisymmetric electromagnetic field in Method B. Therefore, the MFD of the
PM fibre cannot be measured in Method B. However, the MFD of a stress induced PM fibre
and an elliptical sheath PM fibre may be measured in Method B because of the relatively
small azimuthal dependence of the MFD. Method B cannot be used to measure the MFD of an
elliptical core PM fibre.

In Method C, a two-dimensional detector is used. The fibre is rotated arou roperly

on megsurement with a one dimensional detector.

8 Guidance for beat length measurement of polarization-n 3 ) cal
fibres

8.1 Dbject
Clause| 8 describes measurement methods and tes beat length|of PM
fibres.

8.2 Dverview of methods

This tef mea e beat length of the PM fibre
e Method A: Phase beat le n@:g ' Direct measurement method);
e Me : ent methagds (Indirect measurement method).

Phase [beat length, Lg|pna A length, Lg (qroup) @re measured in Method A and
B, respectively. h peat lengths obtained by Methods A and B are
based pn differe i and- Wl o ken~give different results depending on the typg of PM
fibre. Di f ve been reported [2]. Therefore, the definition of the
measuf &r (phagse or group) and the measurement method neegd to be
stated beat length. Mentioning of the measurement meth¢d may

be exc ement between the customer and the supplier.
8.3
Method A i eference test method (RTM), which is the one used to settle disputes.

8.4 Bpecimen

A specimen length is the minimum necessary to set up the test apparatus. If the specimen is
extra long, care shall be taken that no stresses will be induced in the specimen.

8.5 Beat length measuring method

8.5.1 Method A: Phase beat length measurement method

8.5.1.1 General

The phase beat length measurement method is based on applying a point-like perturbation

along a short length of the fibre under test, and either monitor the changes in output power, or
monitor changes in output SOP at one wavelength versus travel distance.

The perturbation can either be a lateral force or an electromagnet.
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In this technical report, the test method using an electromagnet and the monitoring of output
power versus travel distance is described in detail. Examples of other test methods expected
to give similar measurement results are described e.g. in [3], [4] and [5].

8.5.1.2 Apparatus
a) General apparatus: See Figure 1 for a diagram of the test set-up.

An electromagnet is moved along the optical fibre longitudinal axis for Faraday rotation.

Driving modulation Reference

Electromagnet oscillation Power Signal signal

amplifier generator
Retardation \ I
Lens  plate Polarizer Analyzer /\(
Light tectgr\ ock-In
source amgllifier
| Pulse stage |
Sample fib 1 Measurement
Control sigrfal \signa

S

IEC 0416/14

Figure 1 — Apparatus of'beat leng surement — Method A

b) Light source

A light source, which ha F: idth, such as a DFB laser, is usefl.
c) Refardation plate
A ratardatioe :
fibre even whep/the

inci

e input of certain level of optical power into the
tion of

d) Pol

AT
cer
polar

ving a
fate of

the|optical power emitted from the output end of the optical fibre.

f Elekt 4+ £ - | $od:
etormagnetr o Taratayrotaton

An electromagnet for Faraday rotation rotates the polarization of the light in the fibre by
applying an electromagnetical field along the fibre longitudinal axis. The polarization
rotation is modulated by an electrical signal from outside to improve measurement
sensitivity. See Annex C.

g) Pulse stage

A pulse stage needs to be able to move the electromagnet along the fibre longitudinal
axis. The pulse stage has the moving range and pitch which are sufficient to measuring
the beat length of the sample fibre.

h) Lock-in amplifier

A lock-in amplifier is used to improve measurement sensitivity. The lock-in amplifier has
response time enough to respond the modulation speed of the electromagnet.

i) Signal generator
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A signal generator provides modulated signal to the lock-in amplifier an
electromagnet.

Power amplifier

d the

A power amplifier may be used as necessary. The power amplifier provides enough power
for the electromagnet.

k) Computer
A computer controls the pulse stage and processes the output signal from the lock-in
amplifier.
[) Output device
An output device is used to output a measurement profile processed by the computer.
The output device may directly output the signal level of the lock-in a i Kample
on |a plotter.
8.5.1.3 Procedure
a) Prgparation and adjustment
Prepare a V-groove or bare fibre adapter to connect the to the
polarizer and analyser. Remove the primary coating fra er test,
and cleave the ends into mirror surfaces perpendi onnect
ong end of the fibre to the polarizer using the V-g e fibre
to the analyser, and connect the analyser with the all the input light can
be feceived.
Rotate the polarizer and analy output power through the
andlyser. Next, adjust the analyser Itage of the lock-in amplifier.
b) Mepsurement
Move the electromagnef by driving\the emorize a relationship between the
ele¢tromagnet travel mplifier output V. The relationghip as
shgwn in Figure 2 es the travel distance AZ; which i$ a half
perjod of the sequegn x
60
%ﬁ kA ol AZs | AZa | AZs o
= < bl <
1 il
10 20 30 40
Travel distance of stage (mm)
IEC 0417/14
Figure 2 — Example of measurement profile by electro magnet
8.5.1.4 Calculation

The phase beat length Lg (onase) IS given by:
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N
2y 47,

LB(phase)= i:;v (1)
where
Lp phase)  is the phase beat length;
AZ; is the travel distance of the stage where the lock-in amplifier output changes by

the half period,;

N is the number of the half period.
8.5.2 Method B: Group beat length measurement method
8.5.2.1 Apparatus and procedure
In this|method, differential group delay (DGD) or group modal bitefNng 8 i red for
calculation of beat length. It is measured by a method of folarization hersion
measufement (i.e. fixed analyser or wavelength scanning, S S evaluation,
interfejometry). Information pertaining to each individual me is O i 1-48.
8.5.2.2 Calculation
A group beat length can be calculated from resu

The gr

where

c is-the-velocitv of light in-vacuum-
J - T

(2)

(3)

L is the fibre length;

At is the differential group delay (DGD).

8.6 Results

8.6.1

Information available with each measurement

Report the following information on each measurement:

e date and title of measurement;

e length of specimen;

e identification of specimen;

e measurement wavelength;
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e Dbeat length;
e measurement method.

8.6.2 Information available upon request
The following information is available upon request:

e description of measurement apparatus arrangement;
e details of measurement apparatus;

e relative humidity and temperature of measurement;

° date-oflatest calibration-of eguipment:
N Il o T

e type of optical source used and its spectral width (FWHM) in the casg o

9 Guyidance for polarization crosstalk measurement of pg
optical fibres

9.1 Dbject

Clause| ire: the

power [

Polariziation crosstalk occurs when th is img i isolati izations in
a PM fibre.

9.2
9.21 General
fibres.

output
nalysis

Subclause 9.2 describes
Methog
power pt a specj
of the Poincaré sphere

Details|

Crosst

The crpssta ) i i ! asured

9.2.2

9.2.2.1 Overview of the method

Method A is applicable to PM fibres, and connectors attached to one or both ends of the
fibres, and to two or more such entities joined in series. Adjust the optical output to the
minimum by rotating both the polarizer and analyser, and measure the optical output as P
Rotate the analyser 90°and measure the optical output as P

min-
max-

Calculate the polarization crosstalk with the second set of values and take the average of the
two values as the measured value.

9.2.2.2 Application

This measuring method is applied to the measurement of polarization crosstalk using the
maximum and minimum values of optical output at a specified wavelength.
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9.2.2.3 Test apparatus

Figure 3 shows an example of test apparatus.

Sample fibre
Light source Depolarizer Polarizer Analyser Detector

IEC 0418/14

Figure 3 — Example of test apparatus for polarizatio
crosstalk measurement (power ratio method)

a) Ligpt source

dwidth
super-

The light source to be used is one with specified wavelength
(20 nm or more at FWHM). A LED (light emitting diode)
luminescent diode) light source is recommended for thi hall be
kegt below the level required to induce non-linear propa ¢ cally a
safe limit. For a LED light source, whose power is Jow, N letector
shall be used.

b) Defector

The power
emitted from the output end of the optical fi c letector
and

The jpment such as a lock-in amplifier)

shqll be linear to withi { q er and
independent of the input po S

c) Depolarizer
When the inputNig L enable
the|input of -@ in Qf opticalNpower into the optical fibre even when the polgrizer is
rotgted.

d) Polarizer and

The ving a
cerjain dixection 2 zation.
Thd ari 3 ization
crogsta

9.2.2.4

9.2.2.4{1 Preparation

Prepare a V-groove or bare fibre adapter to connect the polarizer, the analyser and the optical
fibre under the test. Remove the primary coating from both ends of the known length of the
optical fibre under the test, and cleave the ends into mirror surfaces perpendicular to the axis
of the optical fibre. Connect the polarizer with one end of the optical fibre, using a V-groove or
similar means. Connect the other end of the optical fibre to the analyser, and connect the
analyser to the detector, so that all the output light can be received.

Set the fibres on a V-groove or similar device, taking care that no stresses will be induced in
the optical fibre, especially in the cladding. For example, when fixing the optical fibre with a V-
groove, place soft cloth, such as gauze, between the optical fibre and the cladding holder so
that the cladding holder may not cause any stress directly to the cladding. Also, the bare fibre
adapter, when used, is a type that does not cause stresses in the sheath of the optical fibre
core.
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9.2.2.4.2 Measurement and calculation

Adjust the optical output to the minimum by rotating both the polarizer and analyser and
record the optical output as P,;,4- Rotate only the analyser 90°and record the optical output
as P, .- Rotate only the polarizer 90°, and record the optical output as P,;,,. Then rotate

only the analyser 90°and record the optical output as P, 0.

Two sets of the polarization crosstalk are derived from the measurement.

CT»] =10 IOg(Pmin1/Pmax1) (dB) (4)

CT5 =10 10g(Pmin2/Pmax2) (dB) (5)
The pojarization crosstalk CT, is given by:

9.2.3 Method B: In-line polarimetric method

9.2.3.1 General

Method B is applicable to single section®
interconnected with optical devices, 0 polarization-maintaining
compohents that lack PM fibre pigtails, 1 rement is performed oh a PM
fibre jumper connected to the output of At porent\The method requires gently stretching
or healing approximately 0,1 m to 0,3 i der to generate at least a frag¢tion of
a cycle

M fibres, and to PM fibres

Lo

apyl

9.2.3.2 Limitations

The optical sour@ .g., DFB laser or tunable laser source).

The crosstalk at af i s tenation of PM fibres and/or components|is the

instantaneous regult © res and mechanical stresses acting at all upstream
elemernts. Th th~a 'worst case' local crosstalk value, it is necesgary to
sufficiintly pérturh t path. This is simple for concatenations of a few elements but
is moreg ti s that contain a large number of PM fibre and/or comlponent

interfa¢é

9.2.3.3 remegnt process

The fibre\is’ gently stretched or heated in the region in which the crosstalk is to be measured.
This stmhrpmﬁm*hewmhaﬂmr%mm-splmw ; ; 2 ; amm .
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Poincaré sphere

Data
trace

Fitted

circle

Figure 4a — Front view of data
arc and fitted circle

Points |A and B represent the polarization modes (eigg

A circle is fitted to the arc and the radius r of the ei
calculated from the radius according tg

CTg is

(7)

9.2.3.4 Mathematical'basis

The following derivatig

The rafio of pow@t S

& sphere representations shown in Figure 4.
is given by

_ 1-cos@

= (8)
Py 1+4cosé
The rag¢lius o sie IS rel to 6 by
6 =sin"\(r) 9)
Therefpré;
cos8 = \1-r? (10)
The crosstalk value is given by
1—y1— 2
CTg =10logq————— (11)
1+1-r2
Alternatively, in terms of the angular length of the arc, crosstalk is given by
CTB:10|091—0036 (12)

1+ cosé@
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Annex A
(informative)

Cut-off wavelength of PM fibre and SM fibre — Profiles and bend

dependence of cut-off wavelength

A refractive index of a core of a PM fibre varies according to the polarization mode. Also the

cut-off

wavelength varies according to the polarization mode.

The cut-off wavelength profile of te PM fibre and the SM fibre are shown in Figure A.1. Due to

a separation of the | P., mode, the cut-off wavelength profile of the PM fibre typically has two
peaks pf LP,, mode and the cut-off wavelength profile results are broadey that of fhe SM
fibre.
5
SM fibr \ 3
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ength (nm)
IEC 0420/14
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Figure A. 2 — Cut-off wavelength profile of PM fibre with extra bending
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Due to a separation of the LP4 mode, even if a maximum attenuation of LP,, mode is equal
to or greater than 2 dB as defined in IEC 60793-1-44, it is possible that the longer wavelength
side of LP44 mode is not sufficiently excited. The longer wavelength side of the LP,; mode of
the PM fibre is sensitive to the bending relative to that of SM fibre. Therefore, measurement
requires special attention not to impose an extra small bending.

It is not enough to take care only of a maximum attenuation of the LP4, mode for the cut-off
wavelength measurement of the PM fibre. The LP,, mode separation is varied by a refractive
index difference between the x- and y-axis by birefringence such as stress induced fibre or
core non-circularity such as elliptical core fibre. If the cut-off wavelength profile is separated
into two peaks, the higher cut-off is the reported one.

@%
S
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Annex B
(informative)

Difference of beat length by measurement method

B.1 Modal birefringence and beat length

The refractive index difference of two orthogonally polarized modes of a PM fibre results from
the core shape and the stress distribution. The difference is the phase modal birefringence
and is given by:

Bphase = nx — 1ty (B.1)

where

phase is the modal birefringence;

ny, n

x "y

The ph the birefringgnce of
the op S which
has a length of L.

(B.2)

The ph
longitufi
and is

bng its
ngth is a length in which the phase difference becomes 2,

A

(B.3)
Bphase

LB(phase) =

where
Ly(phase) is the phase beat length;
A is the wavelength;

B hase is the phase modal birefringence.

Method A measures the beat length directly.

B.2 Beat length defined by Method B

In principle, Method B measures the polarization mode dispersion. A modal birefringence and
a beat length measured by Method B, which are defined on the bases of differential group
refractive index, are different from a model birefringence and a beat length measured on the
bases of the definition of Equations (B.1) and (B.3).
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A modal birefringence measured by Method B is calculated from the wavelength dependence
of the phase difference. The phase difference is expressed as

AA N 27 x L dBphase

Ap=-2rXB X L X
¢ phase /12 2 dA

yays (B.4)

where
Ag is the phase difference between two polarized modes;
Bphase is the phase modal birefringence in Method A;

L IS the fibre fength;
A is the wavelength;
A is the wavelength shift.
Assumg that the wavelength dependence of the modal birefrj pll, the
second term in Equation (B.4) is negligible. The group modal jefined
by

(B.5)
where
A¢g is the phase difference betweg
Byroup is the modal birefringence in\Me
L is the fibre leng
A is the wavele
AL is the@el
The group modal bir

(B.6)
where
Byroup is'the g modal birefringence in Method B;
L is the fibre length;
A is the wavelength;
A/ip_p is the wavelength shift which corresponds to A¢ = 2m.
The beat length measured in Method B, Lpgroyp) Is defined by substituting By, in
Equation (B.3).

A
Lp(group) = 3 (B.7)
group

where
L(group) is the group beat length measured in Method B;

A is the wavelength;
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