IEC IEC 61300-3-38

(]
®

Edition 1.0 2012-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

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

Part 3-38: Examinations and measurements — Group delay, chromatic dispersion
and phase ripple

Dispositifs d’interconnexion et composants passifs a fibres optiques —
Procédures fondamentales d'essais et de mesures —

Partie 3-38: Examens et mesures — Retard de groupe, dispersion chromatique et
fluctuation de phase

%//{A / / //? ‘/'/'Z///

////%// 7 7 / / //Z/Z ///
il 77
y w7

IEC 61300-3-38:2012

Full docu


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

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

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2012 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite ni
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et les
microfilms, sans l'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEIl de votre pays de résidence.

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

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you 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 on-line 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
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) on-line.

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.

A propos de la CEI

La Commission Electrotechnique Internationale (CEIl) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

Liens utiles:

Recherche de publications CEI - www.iec.ch/searchpub

La recherche avancée vous permet de trouver des
publications CEI en utilisant différents criteres (numéro de
référence, texte, comité d’études,...).
Elle donne aussi des informations sur les projets et les
publications remplacées ou retirées.

Just Published CEI - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications de la CEI.
Just Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne au monde de termes
électroniques et électriques. Il contient plus de 30 000
termes et définitions en anglais et en frangais, ainsi que
les termes équivalents dans les langues additionnelles.
Egalement appelé Vocabulaire Electrotechnique
International (VEI) en ligne.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur
cette publication ou si vous avez des questions
contactez-nous: csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/justpublished
http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

IEC 61300-3-38

Edition 1.0 2012-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

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

Part 3-38: Examinations and measurements — Group delay, chromatic dispersion
and phase ripple

Dispositifs d’interconnexion et composants passifs a fibres optiques —
Procédures fondamentales d'essais et de mesures —

Partie 3-38: Examens et mesures — Retard de groupe, dispersion chromatique et
fluctuation de phase

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE X
CODE PRIX

ICS 33.180.10 ISBN 978-2-83220-115-2

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

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un dismbuteur agréé.
DoOCuUlIn

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale

Full document details: IEC 61300-3-38 2012

ents

Document Sharing Hub



http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

-2- 61300-3-38 © IEC:2012

CONTENTS

O T L @ ]I S 5

LS Yo oY o 1= PPN 7

2 NOIMALIVE FEFEIENCES ..ot et e e 7

3 Terms and abbreviations ... 7

4 General desCriPtioN ... e 8

LT N o] o - 1 = (U 9

5.1 Modulation phase shift method ... 9

DT GENEIAl e 9

5.1.2 Variable wavelength source VWS ..., 9

5.1.3 Tracking filter (Optional)......c.oooniiiii 9

5.1.4 Reference branching device RBD1, RBD2 ... 10

5.1.5 Wavelength monitor (optional) ..........cooiiiiii 10

5.1.6 Device under test DUT ... e 10

5.1.7  DeteCtors DA, D2 ..o 10

5.1.8  RF GeNerator ... 11

5.1.9 Amplitude modulator.. ... ... 11

5.1.10 Phase COMParator ..o 11

5.1.11 Temporary joints TJ1, T2 . 11

5.1.12 Polarization controller (optional) ..........cooeiiiiiiiiii 11

5.1.13 REfEreNCE JUMPET ...t 12

5.2 Swept wavelength interferometry method ... 12

B5.2.1  GBNEIAL i 12

5.2.2 Tunable laser source TLS. ... 12

5.2.3 Wavelength MoNIOr.. ..o 13

5.2.4 Reference branching devices RBD1, RBD2, RBD3 ... 13

5.2.5  DeteCtors D, D2 .. 13

5.2.6 Polarization Controller...... ... 13

5.2.7 Polarization @analyzer ... ..o 13

5.3 Polarization phase shift method.............cooiiii 13

.31 GENEIAl e 13

5.3.2 Tunable laser source TLS ... .o 14

5.3.3  RF GeNerator .o 14

5.3.4 Amplitude modulator.. ... ... 15

5.3.5  Polarization Controller...... ... 15

5.3.6  Polarization splitter.... ... 15

5.3.7  Detectors D, D2 ... 15

5.3.8 Amplitude and phase comparator ..........cocooiiiiiiii 16

6  Measurement PrOCEAUIE .. ... e e 16

6.1 Modulation phase shift method ... 16

6.1.1  Measurement PrinCiple ... 16

6.1.2 RF modulation freQUENCY ... 16

B.1.3 TSt SEQUENCE i 18

6.1.4 Special notice for measurement of GDR .............cooiiiiiiiiiiii i 19

6.1.5 Calculation of relative group delay .........ccoooiiiiiiiii 19

6.2 Swept wavelength interferometry method ... 19
6.2.1 Measurement prinCiple ... Docu.ments

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

61300-3-38 © IEC:2012 -3-

B.2.2 TSt SEQUEBNCE i e 20
6.2.3 Special notice for measurement of GDR ..........ccooiiiiiiiiiiii 20
6.2.4 Calculation of group delay .......ccoiiiiiiiii 20
6.3 Polarization phase shift method............. 21
6.3.1 Modulation frEQUENCY .. ...iiiie e 21
6.3.2 Wavelength inCrement ... 22
6.3.3 Scanning wavelength and measuring CD ..........cccooiiiiiiiiii i, 22
6.3.4  Calibration . ... 22
6.3.5 Calculation of relative group delay and CD .........coooiiiiiiiiiien 23
6.4 Measurement window (common for all test methods)............ccooiiiiiiiiiiii, 23
N g - 71 1P 25
7.1 Noise reduction of group delay measurement...........ccooiiiiiiiiiiiiin e 25
A P B N V=T - T 1 T PPN 25
7.1.2  Spectral fillleriNg ....oouiiii e 25
7.2  Linear phase variation ... 25
7.3 Chromatic diSPeIrSiON .. ... e e 25
T.3.1  GENEIAl e 25
7.3.2 Finite difference calculation ... 26
7.3.3  CUIVE fil o e 26
A S o =TT 4T 0 o = 27
T4 GENETAL i 27
T.4.2  SIoPe fittiNg ..o 27
7.4.3 GDR eStimation .....oouiii 27
7.4.4 Phase ripple calculation............ooiiiiii 28
8 Examples of MeasuUremMent ... e 28
8.1 50GHz band-pass thin-film filter ... 28
8.2 Planar waveguide filter COmpoNeNnt..........ooiiiiiiii e 29
8.3 Tunable dispersion compensator (fiber bragg grating) ...........c.coooiiii L 30
8.4 Random polarization mode coupling deviCe ..........ciiiiii i 30
9  Details to be SPECITIEA ...iveii 31
Annex A (informative) Calculation of differential group delay ............cooiiiiiiiiiiiie, 32
Bl O g AP Y e e 40
Figure 1 — MPS measurement method apparatus............cooiiiiiii i 9
Figure 2 — SWI measurement method apparatus............coooiiiiiiii e 12
Figure 3 — PPS measurement method apparatus ... 14
Figure 4 — Sampling at the modulation freqQUENCY........c.oiiiiiiiii e, 18
Figure 5 — Measurement window centred on an ITU wavelength with a defined width ........... 24
Figure 6 — Measurement window determined by the insertion loss curve at 3dB.................... 24
Figure 7 — Calculated CD from fitted GD over a 25 GHz optical BW centred on the ITU
B U CY e 26
Figure 8 — A 6th order polynomial curve is fitted to relative GD data over a 25 GHz
optical BW centred on the ITU freqQUENCY .. ..o 27
Figure 9 — Estimation of the amplitude of the GD ripple and the period ..............c.ccooiiiinnni. 28
Figure 10 — GD and loss spectra for a 50 GHz-channel-spacing DWDM filter........................ 28
Figure 11 — Measured GD and loss spectra for planar waveguide filter ...........c...coocoiiiis 29
Figure 12 — Measured CD and loss spectra for planar waveguide filter ........ -.......Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

-4 - 61300-3-38 © IEC:2012

Figure 13 — Measured GD deviation of a fibre Bragg grating ...........ccoooiiii 30
Figure 14 — Measured phase ripple of a fibre Bragg grating ...........ccoooiiiiiiiii i, 30
Figure 15 — Measured GD for a device with random polarization mode coupling ................... 31
Figure 16 — Measured CD for a device with random polarization mode coupling ................... 31
Figure A.1 — Mueller states on Poincaré sphere ..., 32
Figure A.2 — DGD spectrum for a 50 GHz bandpass filter, measured with 30 pm

FE SO UL ON BV e 35
Figure A.3 — DGD versus wavelength for a random polarization mode coupling device
(0237 14T o1 = PPN 37
Figure A.4 — DGD versus wavelength for a fibre Bragg grating filter (example) ..................... 37
Table 1 — Modulation frequency versus wavelength resolution for C-band............................. 17
Table A.1 — Example of Mueller set. .. ... e 33

Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

61300-3-38 © IEC:2012 -5-—

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3-38: Examinations and measurements —
Group delay, chromatic dispersion and phase ripple

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
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.

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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 61300-3-38 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics.

This first edition cancels and replaces the IEC/PAS 61300-3-38 published in 2007. This edition
constitutes a technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting
86B/3394/FDIS 86B/3438/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.
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The list of all parts of IEC 61300 series, published under the general title, Fibre optic
interconnecting devices 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

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amended.

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 3-38: Examinations and measurements —
Group delay, chromatic dispersion and phase ripple

1 Scope

This part of IEC 61300 describes the measurement methods necessary to characterise the
group delay properties of passive devices and dynamic modules. From these measurements
further parameters like group delay ripple, linear phase deviation, chromatic dispersion,
dispersion slope, and phase ripple can be derived. In addition, when these measurements are
made with resolved polarization, the differential group delay can also be determined as an
alternative to separate measurement with the dedicated methods of IEC 61300-3-32.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050-731, International Electrotechnical Vocabulary — Chapter 731: Optical fibre
communication

IEC 61300-3-29, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 3-29: Examinations and measurements — Measurement
techniques for characterizing the amplitude of the spectral transfer function of DWDM
components

3 Terms and abbreviations

For the purposes of this document, the terms and definitions given in IEC 60050-731 and
IEC 61300-3-29 apply, together with the following.

BW Bandwidth: the spectral width of a signal or filter.

CD Chromatic dispersion (in ps/nm): change of group delay over wavelength:
CD=d(GD)/dA

D Detector

DGD Differential group delay (in ps): difference in propagation time between two
orthogonal polarization modes

DUT Device under test

DWDM Dense wavelength division multiplexing

) Step size of the VWS during a wavelength swept measurement

frE Modulation frequency

GD Group delay (in ps): time required for a signal to propagate through a device

GDR Group delay ripple (in ps): the amplitude of ripple of GD

LN LiNbO3 Documents
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LPV Linear phase variation (in deg)

Ae Centre channel or nominal operating wavelength for a component
MPS Modulation phase shift

PBS Polarising beam splitter

PMD Polarization mode dispersion (in ps): average value of DGD over wavelength
PPS Polarization phase shift

PSP Principle state of polarization

(0] Phase delay

RBD Reference branching device

SOP State of polarization

SSE Source spontaneous emission

SWI Swept wavelength interferometry

AO Phase ripple

TDC Tunable dispersion compensator

TJ Temporary joint

TLS Tunable laser source

VWS Variable wavelength source

4 General description

This document covers transmission measurements of the group delay properties of passive
devices and dynamic modules. In order to interpret the group delay properties, it is essential
to also have the amplitude spectral measurement available. For this reason, loss
measurements are also covered to the extent that they are required to make proper
dispersion measurements.

The methods described in this procedure are intended to be applicable in any wavelength
band (C, L, O, etc.) although examples may be shown only in the C band for illustrative
purposes.

This document is separated into two sections, one concentrating on measurement methods,
and one concentrating on analysis of the measurement data. The measurement methods
covered in this document are the modulation phase shift method, the swept-wavelength
interferometry method and the polarization phase shift method. The modulation phase shift
method is considered the reference method. The methods are selected particularly because of
their ability to provide spectrally resolved results, which are often necessary for passive
components and especially for wavelength-selective devices.

The appropriate measurement parameter to evaluate the group delay ripple, and the method
of estimating the phase ripple from the measurement result of GDR are shown in 7.4. The
phase ripple is important as a measure of the influence that GD of an optical device has on
the transmission quality since many tunable dispersion compensators use the interference
effect where ripple is a significant effect.

Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

61300-3-38 © IEC:2012

5 Apparatus

5.1 Modulation phase shift method

5.1.1 General

The measurement set-up for the characterisation of the group delay (GD) properties of optical
components is shown in Figure 1. A detailed explanation of the various components of this
system and their functions is contained in 5.1.2 to 5.1.13.

| ' |: |
. RF . : Detector
— generator | : DUT : (D1)
_'D— —D_‘— Phase — _I
I II'J 1 TJ2 comparator I
. I 1
I - l
. . tect
Tracking RBD1 | Amplitude Polarization e — ?Sg)or !
wWs | filter ™4 modulator [=] controller f—] } Phase | —
(optional) (optional) RBD2 comparator |
(optional) |
|
|
Wavelength Data coII_ection, :
monitor | @ o e e e e e e e o ——— = = = = —— o qomputatlon gnd -
instrumentation
control 1
1
! |
e o e o -
_—— Electrical control and data interface
----------- Temporary reference optical connection
Optical connection
- — Electrical RF connection
IEC 986/12
Figure 1 — MPS measurement method apparatus
5.1.2 Variable wavelength source VWS

The variable wavelength source (VWS) is a polarized light source that can select a specific
output wavelength and can be tuned across a specified wavelength range. The power stability
at any of the operating wavelengths shall be sufficient so as not to cause significant errors in
the phase comparators. The relative accuracy and repeatability of wavelength, as determined
by the VWS and wavelength monitor together, shall be accurate to 3 pm for each point in the
measuring range and the absolute wavelength accuracy should satisfy the wavelength
specifications of the device under test. The linewidth of the source shall be less than 100 MHz.
The tuning range of the VWS shall cover the entire spectral region of the device and the
source shall also be free of mode hopping over the tuning range. The output power of the
VWS shall be sufficient to provide enough signal to ensure good comparison of the phase.

The minimum increment of the wavelength of the VWS should be adjusted to one tenth of
expected GDR period of the DUT.

5.1.3 Tracking filter (optional)

The tracking filter may be used for any DUT measurements if the dynamic range of the VWS
and the detector does not allow for measuring dynamic range of at least 40 dB [J@cumhaents
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shape of the DUT and the broadband source spontaneous emission (SSE) of the VWS. The
filter shall track the VWS so as to provide the maximum SSE suppression and the maximum
transmitted power as the VWS is scanned across the measurement region. The spectral
shape of the filter shall provide enough out of band attenuation to allow for 40 to 50 dB
dynamic range at the transmission detector.

514 Reference branching device RBD1, RBD2

The configuration of the RBD is 1 x 2 or 2 x 2. If its configuration is 2 x 2, one port of the RBD
shall be terminated to have a return loss better than 50 dB. The splitting ratio of the RBD shall
be stable with wavelength. It shall also be insensitive to polarization. The polarization
sensitivity of transmission attenuation shall be less than one tenth of the device wavelength
dependency of attenuation or less than 0,1 dB. The directivity shall be at least 10 dB higher
than the maximum return loss. The split ratio shall be sufficient to provide the dynamic range
for the measurement of the transfer function and the power necessary for the wavelength
monitor to operate correctly.

5.1.5 Wavelength monitor (optional)

In this test procedure, the wavelength accuracy of the source needs to be closely monitored.
If the tuning accuracy of the VWS is not sufficient for the measurement, a wavelength monitor
is required. For this measurement method, it is necessary to measure the spectral peak of any
input signal within the device BW to an accuracy of 3 pm. Acceptable wavelength monitors
include an optical wavelength monitor or a gas absorption cell (such as an acetylene cell). If a
gas absorption cell is used, the wavelength accuracy of the VWS must be sufficient to resolve
the absorption lines. The VWS must be sufficiently linear between the absorption lines.

Included under this specification, is the wavelength repeatability of the VWS + monitor. It
should be understood by the operator that if the test apparatus has 0,1 ps of ripple with a
30 pm period, then a random 3 pm wavelength variation from reference scan to device scan
can result in as much as 0,03 ps of GD noise.

5.1.6 Device under test DUT

For the purposes of this document, the test ports shall be a single “input-output” path. The
method described can be extrapolated to obtain a single measurement system capable of
handling an m x n device. The device shall be terminated on either pigtails or with connectors.
Because this measurement set up is very sensitive to reflections, and is useful for detecting
reflections in the DUT it is important that reflections are not introduced by the measurement
system.

In many cases, the characteristics of DWDM components are temperature dependent. This
measurement procedure assumes that any such device is held at a constant temperature
throughout the procedure. The absolute accuracy of the measurement may be limited by the
accuracy of any heating or cooling device used to maintain a constant temperature. For
example, if a device is known to have a temperature dependence of 0,01 nm / C, and the
temperature during the procedure is held to a set temperature + 1 °C; then any spectral
results obtained are known to have an total uncertainty of 0,02 nm due to temperature.

5.1.7 Detectors D1, D2

The detectors consist of an optical detector, the associated electronics, and a means of
connecting to an optical fibre. The use of a detector (D2) is considered optional, but provides
correction for any instability in the GD of the instrument setup between the modulator and the
DUT between Step 3 and Step 4 of 6.1.3. The optical connection may be a receptacle for an
optical connector, a fibre pigtail, or a bare fibre adapter. The back-reflection from detectors
D1 and D2 shall be minimised. The preferred option would be to use an APC connector. It
should be noted that the use of an APC connector would contribute approximately 0,03 dB of
PDL to the measurement if terminated in air.
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The dynamic range and sensitivity of the detectors shall be sufficient for the required
measurement range, given the power level provided by the modulated source. The linearity of
the detectors shall be sufficient to provide accurate representation of the modulated signal.
The detector shall transfer the optical modulation phase to the RF output phase with good
stability and little dependence on the optical signal level.

Where during the sequence of measurements a detector shall be disconnected and
reconnected the coupling efficiency for the two measurements shall be maintained to at least
the accuracy of the mated connector.

5.1.8 RF generator

The RF Generator delivers an electrical signal that is used for driving the intensity modulator.
In addition, the signal is delivered to the phase comparator in detectors D1 and D2 as a
reference signal. The RF Generator produces a waveform with a single dominant Fourier
component, for example, a sinusoidal wave modulation. Typically, a sinusoidal signal with a
frequency in the range of 100 MHz up to 3 GHz is used. The RF generator shall have
sufficient frequency accuracy and stability for the required measurement accuracy,
considering that the frequency provides the time base for the GD measurement.

5.1.9 Amplitude modulator

The amplitude modulator uses the modulated signal from the RF generator to induce the
equivalent amplitude modulation on a continuous wave optical signal. The modulator converts
the modulated signal from the RF generator to a modulated optical signal. The modulator
shall have sufficient linearity to produce a good sinusoidal modulation. The modulation
amplitude should be matched to the dynamic range of the detector system.

5.1.10 Phase comparator

The phase comparator is built into the detectors D1 and D2, which compare the phase of the
modulated optical signal and the RF reference signal. Typically, a network analyser, or lock-in
amplifier is used as a phase comparator. A method known as phase sensitive detection is
used to single out the component of the signal at a specific reference frequency and phase.
Noise signals at frequencies other than the reference frequency are rejected and do not affect
the phase measurement. The RF signal level shall not affect the phase measurement.

5.1.11 Temporary joints TJ1, TJ2

Temporary joints are specified to connect the test input signal to the device under test to the
device output to the transmission detector (D1).

Examples of temporary joints are typically connectors or splices. However other methods
such as vacuum chucks, or micromanipulators may be applied. Due to the high sensitivity to
back reflections, it is necessary to ensure that all of these joints have back-reflection <-50 dB.

5.1.12 Polarization controller (optional)

The modulated laser signal is optionally sent to a polarization controller, wherein the
polarization can be adjusted to the 4-Mueller-states located on the surface of the Poincaré
sphere, three of them on the equator of the Poincaré sphere and separated by 90 degree
consisting of the 0°, 45° and 90° linear polarization states, and the fourth state on the pole of
the Poincaré sphere for circular polarization. If the DUT exhibits polarization mode dispersion,
averaging results from orthogonal polarization states allows the GD average over all input
polarization states to be determined. From a set of GD measurements at all the 4-Mueller-
states, the differential group delay (DGD) can be calculated. The polarization controller shall
be able to provide satisfactory polarization stability over the wavelength range of the
measurement.
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5.1.13 Reference jumper

The reference jumper is a single-mode fibre. The optical connection may be an optical
connector, a fibre pigtail, or a bare fibre. The reference jumper must have the same optical
connection as the DUT.

5.2 Swept wavelength interferometry method
5.2.1 General

The measurement set-up for this method is shown in Figure 2. A detailed explanation of the
various components of this system and their functions is contained in 5.2.2 to 5.2.7. The
setup shown illustrates a transmission measurement of a DUT with two optical ports.

The measurement of GD is usually of interest to determine its dependence on wavelength and
polarization. However, the GD of optical fibre and other components of optical fibre networks
is also sensitively dependent on outside parameters such as temperature, pressure,
mechanical stress, and noise. Therefore a setup for measuring GD should provide for stability
against fibre movement and external changes during the measurement. Since the SWI
method relies on tracing the optical phase, which is very sensitive to GD and GD changes in a
fibre, such provision is particularly important for this method.

Arerrsrrssrassrasneas .
: : Detector |_ _ _ _ _
DUT - (D1) |
TJ1 TJ2 Data
RBD1 computation,
TLS Polarization Detector collection and
-+ controller (D2) instrumentation
RBD2 RBD3 control
PBS
1
Wavelength | & @ o o o e e e e e e e e e e o o e e e e M a
monitor

= = == = Electrical control and data interface

------------ Temporary reference optical connection

Optical connection
IEC 987/12

Figure 2 — SWI measurement method apparatus

5.2.2 Tunable laser source TLS

The SWI method uses coherent interference, so a tunable laser source is necessary to
provide the variable wavelength signal. The TLS must be tunable across the required
wavelength range. Considering typical coherence and wavelength resolution requirements,
the line-width shall be less than 1 MHz. A typical device length of about 10m, including patch
cords, will give an interferogram period of about 20 MHz. Accurate characterization of this
requires a substantially smaller resolution. Typically closely spaced measurements are
required (depending on the length and GD range of the DUT as discussed in 6.2.1), so it is
highly recommended to perform the measurements during continuous wavelength scanning by
the source. Therefore the setup shall provide specified control and monitoring of the
wavelength while sweeping.
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5.2.3 Wavelength monitor

If the TLS does not itself provide adequate wavelength accuracy, this shall be achieved with
the wavelength monitor. The monitor improves absolute wavelength accuracy and relative
wavelength accuracy for each measurement point during the wavelength scan.

5.2.4 Reference branching devices RBD1, RBD2, RBD3

The branching devices, RBD2 and RBD3, are used to establish the interferometer by splitting
the optical path so that part of the light passes through the DUT and the other part passes
along a reference path. The light from the two paths is then recombined so that it interferes at
the detectors. These couplers will typically have a 50:50 coupling ratio. Further branching
devices may be used to tap light for monitoring, as for the wavelength monitor. These should
be selected to provide adequate signal for the monitoring function. The branching devices
have 1 x 2 or 2 x 2 configuration. Unused ports of the RBD shall be terminated to give less
than -50 dB back-reflection.

5.2.5 Detectors D1, D2

The detectors are used to trace the optical power with respect to wavelength. As described
below, the recommended configuration produces two such traces for light at two orthogonal
polarization states. The traces will generally yield oscillations in power with very short
wavelength period as explained in 5.2.1, so that a high density of measurements vs.
wavelength will be required. Therefore a high-speed data acquisition detection system is
recommended. The discussion below assumes that the output signal corresponds to optical
power. Since relative changes in power will be evaluated, the detectors should have good
linearity, and care should be taken to avoid approaching saturation.

5.2.6 Polarization controller

To obtain sufficient interference signal from the interferometer, it must be assured that light
from the two paths combines with the same polarization, since signals with orthogonal
polarization will not produce interference. Since in general the polarization state of the light at
the DUT output will be unknown, some control of the polarization is required. The polarization
controller and polarization analyzer of 5.2.6 combine to satisfy this function, as described in
Clause 5. Generally the polarization controller is used to establish the polarization at the DUT
input and to “balance” the power at the two detectors from the reference path of the
interferometer. The polarization controller shall be able to provide satisfactory polarization
stability over the wavelength range of the measurement, for example by using zero-order
retarding plates. The combination of polarization controller and analyzer also permits the
calculation of DGD from a set of GD measurements at different polarization conditions.

5.2.7 Polarization analyzer

The polarization analyzer is the second part of the configuration to assure favourable
interference conditions, based on polarization. A practical realization is to use the polarising
beam splitter (PBS) in combination with the two detectors. When the polarization controller of
4.2.5 assures that similar power from the reference arm is present at both detectors, then the
light from the DUT will also be split into two respective components with the same polarization
at the detector as the reference light. This assures a good interference signal.

5.3 Polarization phase shift method
5.3.1 General
Figure 3 shows a block diagram of the polarization phase shift method (PPS). A detailed

explanation of the various components of this system and their functions is contained in 5.3.2
to 5.3.8.

Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

-14 - 61300-3-38 © IEC:2012

RF
generator ___________I '''''''''' Detector
(D1)
[ . P Amplitude | _ _ _ _
. I and phase !
I comparator 1
. |
| | |
1
I :...........L...'..:..'..:_ D R Detector Data
TLS Amplitud Pol t |:| but E S ey Colection ant
mplitude olarization D : [ i
| mogulator | controller :I’?(;p[!\lrt]:iee 7 Ir?gtl:‘ﬁﬁ’tlgr?t:t?gn
TJ1 TJ2 comparator control
Polarization
splitter

= = = = Electrical control and data interface
------------ Temporary reference optical connection
Optical connection

— « = Electrical RF connection
IEC 988/12

Figure 3 — PPS measurement method apparatus

5.3.2 Tunable laser source TLS

A tunable laser source is used as the light source. The wavelength tuning range of the laser
shall be sufficient to cover the wavelength range to be measured. To obtain a good SNR and
wavelength resolution of the measurement result, the laser should have sufficient power for
the required signal-to-noise ratio (SNR) of the result and the spectral line width should be
narrow enough for the required wavelength resolution. Generally, the completely self-
contained temperature controlled and current controlled wavelength stabilized external cavity
laser unit is employed. The output of the tunable laser source is connected to an optical
intensity modulator by a polarization maintaining fibre.

The wavelength increment of the VWS shall be optimized for the period of the group delay
ripple (GDR) of the DUT.

5.3.3 RF generator

The RF generator provides a modulated pattern for the optical intensity modulator. Some of
the modulated pattern is sent to the amplitude and phase comparator as a reference signal.
The RF signal source requires a broadband characteristic because it is necessary to provide
a sinusoidal modulated pattern whose frequency range is typically from 50 MHz to 3 GHz. In
the selection of the modulation frequency undesirable influences of modulation sidebands and
the CD measurement resolution shall be considered.

The sidebands are generated on both sides of the optical signal with a frequency difference of
f, which is the modulation frequency. This represents the optical spectrum spread. The

effective wavelength resolution, A1 (nm), is restricted by the sidebands, and is generally given
as:

22 xf
c

AA =2x

(1)
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where

A is wavelength (nm)

f is the modulation frequency (GHz), and
c is velocity of light in vacuum (m/s)

In addition, the GD measurement resolution, AGD(ps), is also restricted by the modulation
frequency, f, and is typically given as:

Apx10°3
21f

AGD = (2)

where
A¢ is phase resolution of the phase comparator (radians)
f is modulation frequency (GHz)

5.3.4 Amplitude modulator

The optical intensity modulator modulates the intensity of light from the tunable laser source
synchronized to the modulated pattern from RF signal source. The optical performances such
as insertion loss, on-off extinction ratio and polarization extinction ratio shall satisfy the
required value over the wavelength range to be measured. In order to achieve these
performances, generally a LiINbO5 (LN) modulator is used. A polarization maintaining fibre is
used as an input fibre in order to connect with a tunable laser source. A driving voltage is
generally determined from the half-wavelength voltage (V1) of the LN modulator, and the
output power of the RF signal source is adjusted so that the degree of optical intensity
modulation will be approximately 20 %.

5.3.5 Polarization controller

The polarization controller is used to launch light of specific states of polarization (SOP) to
the DUT. The polarization controller consists of three components: a polarizer, a 1/4-wave
plate, and a 1/2-wave plate. Rotating the set of two retardation plates can generate any
polarization state. The angle-adjustable resolution shall be less than = 0,1 degree and the
polarization extinction ratio shall be more than 20 dB over the wavelength range to be
measured.

5.3.6 Polarization splitter

The polarization splitter is placed after the DUT. The output light is separated into two
orthogonally polarized signals, P- and S-polarised lights. Each signal is led to the optical
detectors. The polarization splitter consists of a non-isotropic crystal such as a calcite prism
possessing a high polarization extinction ratio of more than 20 dB. The insertion loss shall be
less than 1 dB. The optical performances such as polarization extinction ratio and insertion
loss of the polarization splitter shall satisfy the required value over the wavelength range to
be measured.

5.3.7 Detectors D1, D2

The optical receivers convert the modulated light from the DUT into an electrical signal. A PIN
photodiode, with a good linearity and a low noise density of approximately 10 pA/(Hz)”Z, is
generally used. The PIN photodiode must have response characteristics sufficient to respond
to the modulation frequency of the RF signal source. In addition, to ensure a high signal to
noise ratio, a broadband and low noise amplifier shall be used after the optical detectors.
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5.3.8 Amplitude and phase comparator

The amplitude and phase comparator measures amplitude and phase by comparing the
signals for each polarized wave with the reference signal from the RF signal source. The GD
tau (ps) is calculated from the phase using the following equation:

3
.- ¢2;? (3)
where
) is phase (radians) and
f is the modulation frequency (GHz)

The reference signal, which is a part of the modulated pattern of the RF signal source, is
provided to the amplitude and phase comparator. The reference signal shall be synchronised
to the modulated pattern. The total phase accuracy including the frequency stability of the RF
signal source shall be less than + 0,3 degree or sufficient to ensure adequate measurement
precision.

6 Measurement procedure

6.1 Modulation phase shift method
6.1.1 Measurement principle

GD, Tgs is defined as the derivative of the optical phase Dt with respect to its angular
frequency o, = 2nf; according to

_ 1 Ao {fopt)

_ d®qpt (wopt)
(wO) B B 277,' dfopt

d a)opt

(4)

Tg

@0 (0]

In the MPS method, a wavelength tunable source is modulated in amplitude with a sinusoidal
waveform at a radio (RF) /microwave frequency frg, typically in a range of 100 MHz to 3 GHz.
The modulated optical signal is transmitted to the device under test and detected in the
receiver. The phases of the RF signal relative to the reference modulation source o¢ggy,
ORrf2, --- PR, are recorded at wavelengths A4, Ay, ... A, corresponding to optical frequencies
fopt1s fopt2r --- Foptn- These measurements are used to determine relative group delay, that is
the change in group delay over a wavelength interval. From measurements of the RF phases

at two adjacent wavelengths A, to Ay the change in GD, Arg(xi,xj) can be obtained as

2 )— .
Arglina;)= ‘”RF(;LRTF(J“) (5)

6.1.2 RF modulation frequency

The RF modulation frequency has to be selected carefully. A trade-off has to be made
between GD noise on the measurement trace and the spectral resolution of the curve. Table 1
displays recommended maximum RF modulation frequencies for a certain required spectral
resolution.

Particular attention should be paid to the relation between wavelength sample spacing and
the modulation frequency. In particular, for devices showing high dispersion, the GD
difference over the wavelength sample spacing limits the maximum modulation frequency that
can be used without risking phase shifts of more than 180 degrees, which lead to ambiguous
results due to phase-wrap errors. The modulation frequency should satisfy Documents

Document Sharing Hub

Full document details: IEC 61300-3-38 2012


http://avadocuments2026.com/doc/iec-61300-3-38-2012
http://avadocuments2026.com/doc/iec-61300-3-38-2012

61300-3-38 © IEC:2012 -17 -

1

Ammax

(6)

fRF <

where At is the maximum GD difference over the sampling spacing.

In the case where the spectral resolution due to modulation is equivalent to the wavelength
sample, the measurements acquired at successive wavelengths can be averaged to
synthesize (i.e. to give a result similar to the use of) a higher value of fzg, because the phase
contributions from the upper side-band of one acquisition are cancelled by the equal but
opposite phase contributions of lower side-band of an adjacent acquisition.

Figure 4 illustrates an example case of three acquisition points where the wavelength sample
spacing is equal to the modulation frequency. Each ellipse depicts the optical spectrum at
each wavelength snapshot. As described above, the three successive snapshots can be
averaged resulting in a single equivalent snapshot with an effective modulation frequency
equal to 3fgr and an effective central wavelength equal to %, (i.e. mean of (L4 A, 13) ).

Table 1 — Modulation frequency versus wavelength resolution for C-band

Modulation Frequency Wavelength resolution
(GHz) (pm)
0,1 1,6
0,2 3,2
0,3 4,8
0,5 8,0
1,0 16,0
2,0 32,1
3,0 48,1
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Figure 4 — Sampling at the modulation frequency
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6.1.3 Test sequence
Using the setup shown in Figure 1, follow these steps:

(1) A sinusoidal waveform is generated by an RF generator. The frequency fgg is typically
selected in a range of 100MHz to 3GHz. This sinusoidal waveform will be used to drive the
amplitude modulator and to synchronise phase detector D1 and D2. Optionally, the
frequency fzg is selected to be related to the wavelength sample spacing such that
consecutive samples overlap as shown in figure 4.

(2) Optionally, the polarization controller is adjusted to be at 0° linear polarization. The actual
orientation of this polarization is arbitrary, but usually refers to the state generated in the
polarization controller. Further SOP are referenced to this one in Step 7.

(3) With no DUT attached, connect a fibre patch-cord between TJ1 and TJ2. Scan the
wavelength of the TLS, recording the wavelengths and phases from D1 and D2 for points
with the selected wavelength sample spacing. The results are an array of values (i,
Prer (D)., 9rer (D2),). This provides a “zero-loss” reference for normalizing the phase of
the DUT signal.

(4) Attach the DUT at TJ1 and TJ2. Scan the wavelength of the TLS, recording the
wavelengths and phases from D1 and D2 for points with the selected wavelength sample

spacing. The results are an array of values (&, @pyr(D1);, @ou1(D2),). This provides a
phase of the DUT signal.

(5) Steps 3 and 4 can be repeated individually to reduce random noise in the phase
measurements by “averaging” the multiple scans. Documents
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(6) Optionally, as described in 6.1.2, if the modulation frequency fzg is equal to the
wavelength sample spacing, a boxcar smoothing can be applied to achieve the
measurements as if it were acquired at higher modulation frequencies.

(7) As an optional but recommended extension, steps 3 to 6 can be duplicated with the
polarization controller at 45° and 90° linear polarization states, and the fourth state on the
pole of the Poincaré sphere for circular polarization. This allows determination of the GD
average over all input states of polarization.

6.1.4 Special notice for measurement of GDR

The wavelength resolution shall be chosen carefully to optimize for the period of group delay
ripple (GDR) of DUT. The wider wavelength resolution reduces the group delay noise but
degrades ability to resolve group delay ripple due to smoothing.

6.1.5 Calculation of relative group delay

In 6.1.3, step 3 and step 4 provide a “zero-loss” reference and the phase measurements of
the DUT signal. The relative GD at the wavelength A; can be calculated as shown

(¢out (D2); - prer (D2)) - (PouT(D1) - Prer (D1)i)1012
2nfxF

Tg(/li): (7)

where ¢ is the phase in radians, frg is the modulation frequency in Hz and GD is in ps.

6.2 Swept wavelength interferometry method
6.2.1 Measurement principle

This method uses an optical interferometer and a tunable coherent light source to measure
the dependence on wavelength of the optical phase of the light, ¢, transferred by the DUT.
The absolute GD is then calculated according to its definition as the derivative of phase with
respect to optical frequency,

cp-3¢ (8)
do

Here the phase ¢ refers to the phase of the optical (electromagnetic) wave, and o is the
optical frequency, expressed in rad/s. For example, the electrical field strength of light
propagating in vacuum in the x-direction could be expressed as

E(x,t)= Eocos(z;zej - th (9)

where the argument of the cosine function is the phase, ¢, and the amplitude of the field E is
proportional to the square root of the optical power.

Note that this method is different to Method D of IEC 60793-1-42, called “interferometry”, for
measuring the CD of optical fibres, in which a low-coherence light source is used. In that
Method D, it is the length of the reference arm of the interferometer that is varied to match the
optical length of the arm including the DUT. That method is not appropriate for measuring
components like filters requiring high wavelength resolution, because a broadband light
source is needed to provide good resolution of GD.

The interferometer measures the relative change vs. wavelength in the phase of the light from
the DUT with respect to the light through the reference path. When the phase is such that the
light combines constructively, the power is higher at the detector than when only Iivgwﬁjents
reference path is present. When the light combines destructively, the power™ iS To .
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Generally the power level will oscillate as the wavelength is scanned, because the phase
advances at different rates in the two paths as the wavelength is changed, if they have
different optical length. The greater the path length difference, the more rapidly the detected
power changes with wavelength. The period of the oscillation, AL is given by

AL =A2/AL (10)

where AL is the optical path length difference. Note that for a difference of 1 m, this gives a
period of only 2,4 pm. If the difference is 10 m, then the period is only 0,24 pm. Thus it can be
seen that a setup flexible enough to measure different devices without reconfiguration should
be able to measure with a wavelength resolution smaller than 0,1 pm.

After recording the trace of power vs. wavelength, the interferogram, the dependence of
phase on optical frequency can be extracted, which then allows calculating the absolute GD.
The GD is then also a function of frequency or wavelength.

6.2.2 Test sequence
Using the setup shown in Figure 2, follow these steps:

(1) With no DUT attached, so that TJ1 and TJ2 are not connected, adjust the polarization
controller to obtain equal power at D1 and D2. This establishes the first input state of
polarization. It is recommended to make this adjustment with the TLS set to the middle of
the wavelength range to be measured. Directivity should be better than 50 dB for the
branching device.

(2) Attach the DUT at TJ1 and TJ2. The reflectance spectrum of the DUT can also be
measured, for instance by using a 2 x 2 coupler at RBD2 and attaching TJ2 to the
additional port on the left side of RBD2. For measurements with low uncertainty, it is best
to wait a few minutes after attaching for the temperature and position of the fibre pigtails
to stabilize.

(3) Scan the wavelength of the TLS, recording the wavelengths and signals from D1 and D2,
for points with spacing 0,1 pm or smaller, as required by the length of the DUT. The result
is an array of values (i;, P1;, P2;).

(4) Optionally, a normalization measurement with a fibre patch-cord between TJ1 and TJ2 can
also be made. This provides a “zero-loss” reference for normalizing the amplitude of the
DUT signal, allowing accurate measurement of the attenuation. This measurement also
produces an array of values (A;, N1;, N2,), where N is the power trace from each detector.

(5) Steps 3 and 4 can be repeated to reduce random noise in the spectra by “averaging” the
multiple scans. Because it is not desired to smooth out the interference oscillations in this
process however, the averaging should be performed with the results of analysis on the
raw data arrays of steps 3 and 4.

(6) As an optional but recommended extension, steps 2 to 5 can be duplicated for the second
polarization state adjusted to the orthogonal state compared with the first polarization
state, using the polarization controller. This allows determination of the GD averaged over
all input states of polarization and of the DGD.

6.2.3 Special notice for measurement of GDR

The wavelength resolution shall be chosen carefully to optimize for the period of group delay
ripple (GDR) of DUT. The wider wavelength resolution reduces the group delay noise but
degrades ability to resolve group delay ripple due to smoothing.

6.2.4 Calculation of group delay

The result of step 3 above actually yields two interferograms, given by the arrays (;, P1,) and
(2; P2;). (Including the results of step 6, there are four such interferograms in total.) These are
separately processed in the same way in the following calculations. Each will ﬁd GD
spectrum, which may differ if the DUT has non-zero DGD. Ocuments
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The interferogram, which is here expressed in terms of w =27c/ 1 as P(w), has values

P(w) = R(w)+ D(w)+ 2y/R(w)y/D(w)cos(p(w)) (11)

where R is the power at the detector from the reference path, D is the power at the detector
from the DUT and ¢ is the optical phase difference between the two optical paths. All of these
are functions of w. To obtain the third term of this equation with the phase information, the
interferogram P(w) is high-pass filtered. The cut-off of the high-pass filtering can be estimated
by using a Fourier transform to identify the interferogram frequencies related to the GD of the
device. The Hilbert transform of this term is then used to obtain the w-dependent values of
amplitude and phase:

2\JR(w)/D(@w) and ¢(w), respectively. (12)

These arrays can then be averaged over repeated wavelength scans if required, as mentioned
in step 5 of 6.2.2. The high number of data points can now also be reduced to the desired
wavelength resolution, using boxcar averaging.

The GD is now obtained as:

GD((O'” +w.): ol@s1) - ple) (13)
2 D41 = O

This calculation is performed for the interferograms of both detectors and the results are

averaged to form the polarization-averaged GD spectrum for this input polarization state,

which may then be expressed as a function of ® or L. The fully averaged GD spectrum is

obtained by also averaging the results for GD obtained from the same analysis on the results

of step 6. Note that, given a zero length reference measurement, the GD values are absolute
and indicate the length of the device.

The insertion loss of the DUT can also be determined from these data, after performing a
similar analysis on the normalization results of step 4 to obtain 2{R(w),/Dy(w) as the

amplitude from the Hilbert transform of the corresponding N(®w) data. Then the polarization-
averaged transfer T,_, . of the DUT is given by

ave

Tave(w)=2% (1)

where the summation is over values from the two, or four if step 6 is used, polarization-
resolved interferograms.

The average insertion loss of the device is then given by the average of this from the
interferograms of both detectors, expressed in dB.

IL(e) = ~10/0g(Taye (@) (15)

6.3 Polarization phase shift method
6.3.1 Modulation frequency

The modulation frequency shall be chosen based on the required wavelength resolution and
GD or CD noise. For more information, refer to 6.3.2.
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The wavelength resolution shall be chosen carefully to optimize for the period of group delay
ripple (GDR) of DUT. The wider wavelength resolution reduces the group delay noise but
degrades ability to resolve group delay ripple due to smoothing.

6.3.2 Wavelength increment

Two wavelengths are required to obtain a CD value because the wavelength differentiation in
this wavelength increment, AL, is used when calculating a CD. The phase difference that can
be measured with the phase comparator is within + 180 degrees. Therefore, the maximum GD
difference, A1, that can be measured between the adjoining wavelengths is given by the
following expression.

+

ATmax <

16
360 2f (16)

180 10%| 103
fl

This wavelength increment, AX, will be called wavelength step size. To measure up to a
certain value, the wavelength step size is decided as follows.

AJ < | Almax (17)
CDmax
where
AL is wavelength step size (nm),
Atax IS the maximum GD of the DUT in ps,
f is the modulation frequency in GHz, and
CD,,sx is the maximum CD to be measured in ps/nm.

The minimum increment of wavelength of VWS shall be chosen to optimize for the period of
the group delay ripple (GDR) of DUT.

6.3.3 Scanning wavelength and measuring CD

The tunable laser source is used to perform a wavelength sweep along the desired
wavelength range, and the GD value is calculated at each wavelength. In addition, the CD
value of the DUT can be calculated from the wavelength differentiation of the GD value in
each measurement wavelength based on the GD value that has been obtained.

This method uses a pair of orthogonal polarized waves (the 0-degree and 90-degree linearly
polarized waves). The 0-degree and 90-degree linearly polarized waves are launched into the
DUT and the output is separated into two polarized wave components by the polarization
splitter. After that, the amplitude and GD for each of the polarized waves (the P- and S-
polarized light) at a specific measurement wavelength are measured. That is, the P- and S-
polarized light amplitudes (|T44|*nea» @nd |To¢1°mear Fespectively) and the GDs (d@44/dw e,
and d@,4/dw .4, respectively) for the 0-degree linearly polarized wave are measured. For the
90-degree linearly polarized wave, the P- and S-polarized light amplitudes (|T12|2mea and
IT2o1°mea) @nd the GDs (d@45/dw e, and d@,,/dw,,e,) are measured.

6.3.4 Calibration

A calibration is performed on a single-mode fibre whose length is less than 1 m before the
DUT measurement. First, adjust the 1/4- and 1/2-wave plates to generate the 0-degree
linearly polarized wave that matches the P-polarized wave of the polarization splitter. Next,
generate the 90-degree linearly polarized wave that matches the S-polarized wave of the
polarization splitter. After that, at a specific measurement wavelength, measure the_amplitude
and GD characteristics for each of two polarized waves (the P- and S-polarized Iigmnwments
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separated by the polarization splitter while the 0-degree and 90-degree linearly polarized
waves are alternately launched. That is, the P- and S-polarized light amplitudes (|T11|an| and
ITo41%cas respectively) and the GDs (d®,4/dwg, and d®,,/dw., respectively) for the O-
degree linearly polarized wave are measured. For the 90-degree linearly polarized wave, the
P- and S-polarized light amplitudes (|Tq5/°%ca and [Ty5l°%ca) and GDs (dd4,/dw., and
d®,,/dw.,) are measured. The CD value is calculated from the measured values using the
expression described in 6.3.5.

6.3.5 Calculation of relative group delay and CD

The P- and S-polarized light GDs are calculated using measured values from 6.3.3 and 6.3.4.

P-polarized light GD: APy _ 4P _9P11 - 49 and 12
0] do mea do cal
[dq’ﬂ N d®12]
Average GD in P-polarized light: %: do  do 5
[0
S-polarized light GD: APmn _9Pmn P2 0 24 and 22 (18)
® do mea do cal
(d®21+d®22j
Average GD in S-polarized light: dq;ﬂz do  do 5
w

The GD and CD values on each wavelength are calculated by the next expressions.

(dq)ave1 + dCDaver
GD,yerage that does not depend on polarization: GD(1) = de de 5 (19)
(GD(A + AL)— GD(A — AL))

2xAA

The error of measurement caused by PMD can be excluded from the measurement result by
obtaining averaged GD and CD that doesn't depend on the polarization.

CD

average that does not depend on polarization: CD(4) =

6.4 Measurement window (common for all test methods)

The spectral width of the measurement window is typically given in the specification of the
DUT. Generally, the measurement window is defined in two different ways. First, the
measurement window is centred on an ITU wavelength with a defined width. For example, the
GD is required to be analysed within a 25 GHz optical BW centred on the ITU frequency as
shown in Figure 5 for a multiple channel DUT. Each channel is plotted against the
corresponding ITU frequency.

Secondly, it also may be required to analyse the dispersion properties of the DUT in a
measurement window that is defined by the loss properties of the DUT. For example, the DUT
is a filter with a wavelength dependent loss as given in Figure 6. The dispersion measurement
will be carried out afterwards in a window that ranges from A4 to A,. A4 and i, are given by the
minus x dB points of the loss curve. Typical values for x are in the range 0,5 dB to 5 dB.
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Figure 5 — Measurement window centred on an ITU wavelength with a defined width
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Figure 6 — Measurement window determined by the insertion loss curve at 3dB
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7 Analysis

71 Noise reduction of group delay measurement
711 Averaging

Multiple measurements of the phase difference between the reference signal and the detected
optical signal may be averaged. If the noise is non-deterministic the noise level will decrease
by the square root of the number of averages. Averaging does not sacrifice the wavelength
resolution, but has a time trade-off.

7.1.2 Spectral filtering

Filter methods may be applied for reducing the measurement noise. The most commonly
applied filter is averaging over a defined spectral window. Where DWDM components are
being characterized typical widths of such windows are 5 to 10 pm. Broadband components
may allow window widths of up to 1 nm and more. It has to be taken into account that the
optical signal is spectrally broadened due to the RF modulation and therefore already
provides a spectrally averaged measurement value. For these reasons it is required to state
the applied RF frequency and the width of the spectral filtering window in the measurement
protocol.

For DWDM components, when averaging over a spectral region, multiple measurement points
over a spectral window are averaged. This delivers smoother measurement curves by
reducing the spectral resolution. Particular care has to be taken not to average out relevant
details of the measurement.

7.2 Linear phase variation

If the phase response of a linear phase system is strictly linear, it will cause a delay, but no
distortion. Any deviation from linearity within the BW of the signal will distort the signal.

The linear phase system is expressed as
¢(fopt ) = ¢(fopt0 )+ 27ty (fopt - foptO) (20)

where the GD T, is a constant. For most components, a linear fit to the phase is performed,

and then this linear curve is subtracted from the original phase. The remaining phase value is
the departure from linear phase.

7.3 Chromatic dispersion
7.3.1 General

It is well known that CD is the derivative of the GD as a function of wavelength.

CD(2)= d%ﬂ) (21)

However, in practice, this derivative must be performed numerically.

) _ z'g(/iiﬂ)_ Tg (/li—1)

CD(4
& Ais1 = Aig

(22)

where i = 1,2, ..., n. Ak = ki1 — A = A, — A4 represents the wavelength sample spacing. If the
wavelength sample spacing AL is relatively small, the GD noise will be amplifiedJoguenents
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