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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES

AND PASSIVE COMPONENTS -
BASIC TEST AND MEASUREMENT PROCEDURES -

(E)

Part 3-387 Group delay and chromatic dispersion
FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organizatio ising
all national electrotechnical committees (IEC National Committees). The< object\ of ote
nternational co-operation on all questions concerning standardization in th To
this end and in addition to other activities, IEC publishes International ipns,
Technical Reports, Publicly Available Specifications (PAS) and Guid 1EC
Publication(s)”). Their preparation is entrusted to technical committegs ted
n the subject dealt with may participate in this preparatory wo on-
governmental organizations liaising with the IEC also participat sely
with the International Organization for Standardization (IS@ by
agreement between the two organizations
The formal decisions or agreements of IEC on techmcal m ional
consensus of opinion on the relevant subjé all
nterested IEC National Committees.
IEC Publications have the form of recommehdatio ipnal
Committees in that sense. While all reason IEC
Publications is accurate, IEC cannot be any
misinterpretation by any end user.
in order to promote interndtion ons
transparently to the maximu nce
between any IEC Publicgtion and the [ole din
the latter.
IEC provides ng” maqrki any
equipment declared 16
All users should ensg
No liability shall atta £ and
members of its teshnical 2 EC National Committees for any personal injury, property damagg or
other damage © S oever, whether direct or indirect, or for costs (including legal fees) fand
expenses aisi jcation, use of, or reliance upon, this IEC Publication or any other [|[EC
Publicat
Attention_is draV he Nopmative references cited in this publication. Use of the referenced publicationfs is
ndispensable foRthe\correct application of this publication.
Attention istdrawn_to the possibility that some of the elements of this IEC Publication may be the subjedt of
patent rights. IEC shetl not be held responsible for identifying any or all such patent rights.
PAS\is a technical specification not fulfilling the requirements for a standard but made
available to the public.

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

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting
86B/2337/PAS 86B/2380/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of three years starting from
2007-04. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.

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

Part 3-38: Group delay and chromatic dispersion

(E)

1 Scope

Theg purpose of this PAS IS t0 define the measurement methods necessary 10 characierize the
grqup delay properties of passive components. From these measurements further parameters
like group delay ripple, linear phase deviation, chromatic dispersion, and ion slope ¢an
be|derived. In addition, when these measurements are made with resoly the
differential group delay (DGD) can also be determined as an ate
melasurement with the dedicated methods of IEC 61300-3-32.

2 | Normative references

The following referenced documents are indispensablé forthe.applicationvof this document.
For dated references, only the edition cited applies. S es, the latest edition
of the referenced document (including any amendn

IEC 60050-731:1991, International V) — Chapter 731: Optical
fibfe communication

IEC 60793-1-42:2001, Optical fibres -
Chfomatic dispersion

IEC/TR 61282-9:2006] Ki l atiory system design guides — Part 9: Guidapce
on|polarization mode dj } ¢ g

IEC 61300-3-29:;0 sic
tegt and measupesn -
Measurement teés of
DWDM compgn

IEC 61300>3- sic
tegt ana -
Polarization

3 | Terms, definitions and abbreviations

For—the—purposesof thisdocument, mmany of the—terms;,defimitionrs—anmd—abbreviations—are

described in IEC 60050-731 and IEC 61300-3-29; some terms, definitions and abbreviations
specific to this measurement method are given below.

BW bandwidth: spectral width of a signal or filter

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

o) step size of the VWS during a swept measurement

Ac centre channel or nominal operating wavelength for a component

RF frequency of electrical driving signal of intensity modulator
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GD group delay: time required for a signal to propagate through a device

SSE source spontaneous emission: broadband emissions from a laser cavity that bear
no phase relation to the cavity field. These emissions can be seen as the baseline
noise on an optical spectrum analyser

SW spectral width: spectral width of a given filter in relation to the pass band (i.e. —
25dB SW). It differs from BW in that it is always defined by the outermost
crossings in the event that there are more than two

GOR group-delay-ripple

LPV linear phase variation

MHS modulation phase shift

O phase delay

JRF modulation frequency

SWI swept wavelength interferometry

VWS variable wavelength source

DWDM dense wavelength division multiplexi

4 | General description

Th{s document covers transmission \ S ive
components. In order tQ/in jhe
ampplitude spectral measu Iso
coyered to the extent

The methods d@) [ afe intended to be applicable in any wavelength
band (C, L, O, e¥c. 1 lesy may be shown only in the C band for illustrafive
purposes.

The docume i arated into different sections, one concentrating on fhe
melasureme P 2 other on analysis of the measurement data.

The measureme covered in this document are the modulation phase shift method
ang the swept ength interferometry method. The modulation phase shift method| is
comsidered~the referegnce method. The methods are selected particularly because of their
ab]i:ty touprovide spectrally resolved results, which are often necessary for passive
compohents and especially for wavelength-selective devices.

5 Apparatus

5.1

Modulation phase method

The measurement set-up for the characterization of the GD properties of optical components
is shown in Figure 1. A detailed explanation of the various components of this system and
their functions is given below.
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Figure 1 — MPSr method apparatus
5.1.1 Variable wavel
The VWS is a light sp pecific output wavelength and can be tuned

er stability at any of the operating wavelengths
f"the amplitude measurements for insertion Igss.
of wavelength, as determined by the VWS gnd

acfoss a specifiedw
shall be better 4@
The relative acctwa

walelength monitg

and the absolut€ y should satisfy the wavelength specifications of the
deyice under dy be obtained by having the wavelength monitor feedback
to the VWS <The e source shall be less than 100 MHz. The tuning range of the
VWS shag ntice spe€ctral region of the DWDM device and the source shall also|be
freg of g oveithat tuning range. The output power of the VWS shall be sufficient
to provide 3 with an order of magnitude more dynamic range than the device
exhibits (i.e.ctheumeasurement apparatus shall be able to measure a 50 dB notch filter if the
deyice is a(40°'dB h).

5.1.2 Tracking filter

The tracking filter may be used for any notch filter measurements if the dynamic range of the
VWS and the detector does not allow for measuring a depth of at least 40 dB due to the
shape of the device under test (DUT) and the broadband SSE of the VWS. The filter must
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 dB to 50 dB dynamic range at the
transmission detector.

5.1.3 Reference branching device (RBD1, 2)

The configuration of the RBD is 1x2 or 2x2. If its configuration is 2x2, one port of the RBD
shall be terminated to have a back-reflection <-50dB. 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
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of attenuation, if this is to be measured. The directivity shall be at least 10 dB higher than the
maximum return loss, if this is to be measured. 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.

514 Wavelength monitor

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, the wavelength
monitor shall be required. For this measurement method, it is necessary to measure the
spe¢ctral peak of any input signal within the device BW to an accuracy of 2 ppm. Acceptaple
wapelength 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 accura e VWS mpust
be[sufficient to resolve the absorption lines. The VWS must be suffici between the
absorption lines.

Indluded under this specification, is the wavelength repeatability~of\the onitor. It
should be understood by the operator that if the test apparatus\has 0 ppte with a|30
pm period, then a random 3 pm wavelength variation fro 2 S device scan ¢an
reqult in as much as 0,03 dB of attenuation noise.

5.1.5 Device under test (DUT)

hall be@s' “input-output” path. The
\_to ‘obtain g single measurement system
i bhe“terminated in either pigtailg or
ntsN\are very sensitive to reflections, and

easuring GD is to reveal such cavitieg in

components are temperature-dependent. Tlhis
uch device is held at a constant temperatlre

. accuracy of the measurement may be limited by fhe
5. O coo' device used to maintain a constant temperature. For
e a temperature dependence of 0,01 nm/°C and the
eld to a set temperature 1 °C, then any spectral results
yncertainty of 0,02 nm due to temperature.

The detectors~eonsist of an optical detector, the associated electronics, and a means| of
comnecting to' an optical fibre. The use of detector D2 is considered optional, but provides
cofrection-for any instability in the GD of the instrument setup between the modulator and fhe
DUT ,between Step 3 and Step 4 of 6.1.3. The optical connection may be a receptacle for|an
oplical’connector, a fibre pigtail, or a bare fibre adapter. The back-reflection from detectprs
D1 and D2 shall be minimized with any precautions available. 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.

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 r.f. 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.
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5.1.7 RF generator

The r.f. generator delivers an electrical signal that is used for driving the intensity modulator.
Also, the signal is delivered to the phase comparator in detectors D1 and D2 as a reference
signal. The r.f. generator produces a waveform with a single dominant Fourier component, for
example, a sinusoidal, trapezoidal or square wave modulation. Typically, a sinusoidal signal
with a frequency in the range of 100 MHz up to 3 GHz is used. The r.f. 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.

5.1-8—Amplitude-meodtHater

The amplitude modulator uses the modulated signal from the r.f. genera the
equivalent amplitude modulation on a continuous wave optical signal. T rts
thg modulated signal from the r.f. generator to a modulated optical sig § hall
haye sufficient linearity to produce a good sinusoidal modulation.

5.1.9 Phase comparator

The phase comparator is built in the detector D1 and D2{ wh 3 the
oplical signal and the r.f. reference signal. Typically, a petw e ris
us¢d as a phase comparator. A method known as pltase se
ou{ the component of the signal at a specific referentce f(eq
freguencies other than the reference frequency are reje ahd do not affect the phase
melasurement. The r.f. signal level sha

5.1.10 Temporary joints (TJ1-TJ2)

Temporary joints are specified to connect i gnal to the device under test to the
deyice output to the transmissi Due tonthe high sensitivity to back reflections, it

Examples of tempor
su¢h as vacuu@ s may be applied. The loss of the TJ shall|be
staple and shall =&

onnectors or splices. However, other meth]ds
b least 20 dB less than the maximum back-reflection

to be measured. Ipntk tors are used, it is preferred to use angled ones.
5.1.11

The mod gnal“is optionally sent to a polarization controller, wherein fhe
po'lariza iQn C ed to the 4-Mueller-states located on the surface of the Poincpré
sphere, thre he equator of the Poincaré sphere and separated by 90° consisting
of [the 0°, §° linear polarization states, and the fourth state on the pole of the

Po|ncaré sphere for€ircular polarization. If the DUT exhibits polarization mode dispersion,| as
theg polarization controller varies from 0° to 90° linear polarization states, the GD average oper
all input-polarization states can be determined. From a set of GD measurements at all thq 4-
Mueller-states, the DGD can be calculated. The polarization controller shall be able to provide
satisfactory polarization stability over the wavelength range of the measurement.

5.1.12 Reference jumper

The reference jumper is a simple length of optical 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

The measurement setup for this method is shown in Figure 2. A detailed explanation of the
various components of this system and their functions is contained below. The setup shown
illustrates a transmission measurement of a DUT with two optical ports. The reflectance
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spectrum of the DUT can also be measured, for instance by using a 2x2 coupler at RB2 and
attaching TJ2 to the additional port on the left side of RB2.

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 like temperature, pressure, and
mechanical stress. Therefore, a setup for measuring GD should provide for stability against
fibore 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.

trumentatiopn
Control

Qwecﬁo h
§ utation

I
I
/ Detector _I
2\ (D1)

L — — — — —

Detector

Polarization (D2)

Controller RBD Q
3

TLS

Figure 2 — SWI measurement method apparatus

5.2.1 Tunable laser source (TLS)

The<SWI method uses coherent interference, so a tunable laser source is necessary| to
provide the varrabte wavetength—signat.—1he 1S shalt pbe tunmabte 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 10 m, including patch
cords, will give an interferogram period of about 20 MHz. Accurate characterization of this
requires a substantially smaller resolution. Typically, a high spectral density of measurements
is 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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5.2.2 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.

5.2.3 Reference branching devices (RBD1, 2, 3)

The branching devices, RBD2 and RBD3, are used to establish the interferometer by splitting
the optical path so that part of the light passes 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
defectors. 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 monitar. These should|be

1x2 or 2x2 configuration. Unused ports of the RBD shall be termina i 50
dB|back-reflection.

5.2.4 Detectors

The detectors are used to trace the optical power with re RV ed
below, the recommended configuration produces twog f ight nal
polarization states. The traces will generally yield/ osgilationsti ort
wapelength period, as explained in 5.2.1, so tha i i BUS

walelength will be required. Therefore G cquisition detection system is
signal corresponds to optical
poyer. Since relative changes in powe i s ¢ detectors should have ggod

lingarity, and care should be taken to ayord appxoa

5.2.5 Polarization co

To|obtain sufficient inte i FrQM_the interferometer, it shall be assured that light
from the two paths ¢ i i polarization, since signals with orthogopnal

polarization will p6 i \Sinte in general the polarization state of the light at
thg DUT outpute . sontrol of the polarization is required. The polarizatjion
comtroller and poldriZatiohs 5,2.6 combine to satisfy this function, as described in
Clguse 5. Genersg oitroller is used to establish the polarization at the DUT

input and to 3 power _at the two detectors from the reference path of fhe

intgrferometer”. ion
stapility ovek the 'w der
retarding Q the

The polarization analyser is the second part of the configuration to assure favouraple
erference conditions, based on polarization. A practical realization is to use the polarizing

s A ‘"G ton vith 1€ WO S—vrAen B LvA VAV i . O o€ O 25
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.

6 Measurement procedure

This clause covers the steps required to obtain the GD properties of the DUT with the two
apparatus described above
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6.1 Modulation phase shift method
6.1.1 Measurement principle

GD, 14, is defined as the derivative of the optical phase ®,, with respect to its angular
frequency wept = 2T\, according to

. (a)o)= d® ot (Wopt ) _
g dawppt o 2m dvey |,
In the MPS method, a wavelength tunable source is modulated in amplitude wi dal

Hz.
the

RF1,
ies

wapeform at a radio (r.f.)/microwave frequency frr, typically in a range ©Of
The modulated optical signal is transmitted to the device under
redeiver. The phases of the r.f. signal relative to the referenc
Pri2, --- Qrrn are recorded at wavelengths A4, Ay, ... A, corres
Vopl, Vopt2s --- Voptn- From the r.f. phase ¢gr, the GD is calculat

SRAP AR SOSRSE

271RF |a0 WRF |ao

whEre T opt(ao - arr) and & gn(ag - € g ) ver

sideband of the amplitude modulated signal a i ted
from the carrier by the modulation freguency wré at
twg adjacent wavelengths

~Orr( )~ Pre(A)

27RF
6.1.2
The r.f. modu be selected carefully. A trade-off shall be made betwgen
GO noise o ace and the spectral resolution of the curve. Table 1 displays
reqommended A\ .f. mgdulation frequencies for a certain required spectral resolutign.
Pafticular atte d be paid to the wavelength sample spacing and the modulatjon
freguency. In’ps ar, for devices showing high dispersion, the GD difference over the

wapelength_sampling spacing limits the maximum modulation frequency that can be used
without-risking phase shifts of more than 360°, which lead to ambiguous results due to phage-
erp errors. The modulation frequency should satisfy

1

<_1
JRF AT

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 frg¢, because the phase
contributions from the upper side-band of one acquisition are cancelled by the equal but
opposite phase contributions of the lower side-band of an adjacent acquisition.
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Figure 3 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 3fre and an effective central wavelength equal to A, (i.e. mean of (A¢ Ay Asz) ).

Table 1 — Modulation frequency versus wavelength resolution

Modulation Wavelength
frequency resolution
GHz pm

3fre 3frF

Figure 3 — Sampling at the modulation frequency
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6.1.3 Test sequence

Using the setup of Figure 1, the following steps shall be taken.

1. A sinusoidal waveform is generated by an r.f. generator. The frequency fgre is typically
selected in a range of 100 MHz to 3 GHz. This sinusoidal waveform will be used to drive
the amplitude modulator and to synchronize phase detector D1 and D2. Optionally, the
frequency fgrr is selected to be the same as the wavelength sample spacing.

2. Optionally, the polarization controller is adjusted to be at 0° linear polarization.

3. | With no DUT attached, a fibre patch-cord shall be connected between TJ1 and TJ2. \The
wavelength of the TLS shall be scanned, recording the wavelengths @nd phases from |D1

and D2 for points with the selected wavelength sample spacing. Thelresults g ray
of values (A;, ¢Ref(D1)l~, ¢Ref(D2)l~). This provides a “zero-loss” ref S izing
the phase of the DUT signal

4. | The DUT shall be attached at TJ1 and TJ2. The waveleng R of th s ed,
recording the wavelengths and phases from D1 ang’ Ds o] ted

wavelength sample spacing. The results are an arra < A : 2);).
This provides a phase of the DUT signal.

5. |Steps 3 and 4 can be repeated individuatly ¢ andom noise in the phase

the
the

6. | Optionally, as described in 6.1.2
wavelength sample spacing, a
measurements as if it were acquir

can be applied to achieve
tion frequencies.

steps 3-6 can be duplicated with the
This allows determination of the [GD

zergAoss” reference and the phase measurements of the QUT

i ~9Rre s (D2);) = (¢puT (D1); — ¢Rre r (D1);)
27RF

1012

where ¢ is the pha radius, frr is the modulation frequency in Hz and GD is in ps.

6.1.5 Measurement window

The—SWof themeasurement—window is—typicatty giverm—imthe—specificatiomof 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 4 for a multiple channel DUT. Each channel is plotted against the corresponding ITU
frequency.

Secondly, it may also 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 5. The dispersion
measurement will be carried out afterwards in a window that ranges from Ay to A,. Ay and A,
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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Inserion Loss (dB)

Average Insertion Loss  [dE)

-2487

-2488

-2489

Group Delay (ps)
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Figure 4 — Measurerient wi h.
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Figure 5 — Measurement window determined by the insertion loss curve at 3dB
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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,

He the
oplical frequency expressed in radians. For example, the electrical\{i ght
pra

Eo,

wh
is ;f

No y”,
for hat
M the

ing
rce

opfical length of the arm ipcluding the
components like filters reguiriqg pigr
is meeded to provide good xesoh

The interferometerme ative ght
from the DUT g i 4dgh the reference path. When the phase is slich

thgt the light comb ght
fro er.

Ge se
ad ve
different opt ater the path length difference, the more rapidly the detecfed
po \ . The period of the oscillation, AA is given by

M =N /AL,

where @ALis the optical path length difference. Note that for a difference of 1 m, this givep a
pefiod of only 2,4 pm. If the difference is 10 m, then the period is only 0,24 pm. Thus, it ¢an
be oCCI1 “Iat d actup ﬂc)\ibic clluugh tU measurc diffclcllt UIUVibe vvithuut ICbUIIﬂgUIdL'On
should be able to measure with a wavelength resolution smaller than 0,1 pm.

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

6.2.2 Test sequence
Using the setup of Figure 2, the following steps shall be taken.

1. With no DUT attached, so that TJ1 and TJ2 are not connected, the polarization controller
shall be adjusted to obtain equal power at D1 and D2. This establishes the first input state
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of polarization. It is recommended to make this adjustment with the TLS set to the middle
of the wavelength range to be measured.

2. The DUT shall be attached at TJ1 and TJ2. The reflectance spectrum of the DUT can also
be measured, for instance, by using a 2x2 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. The wavelength of the TLS shall be scanned , recording the wavelengths and signals from
D1 and D2, for points with a spacing of 0,1 pm or smaller, as required by the length of the
DUT. The result is an array of values (A, P1, P2,)

4. |Optionally, a normalization measurement with a fibre patch-cord between TJ1 and TJ2\.¢an
also be made. This provides a “zero-loss” reference for normalizing fhe amplitude)of the
DUT signal, allowing accurate measurement of the attenuation. Thig measuxemeént also

data arrays of Steps 3 and 4.
6. [As an optional but recommended extension, Step

6.2.3 Calculations of group dela

The result of Step 3 above actually yields twoNinte given by the arrays (A;, P1;) and
(AilP2). (Including the results of Step 6 h interferograms in total.) These pre
seiarately processed |n t e same wa calculations. Each will yield a GD
sp if

The interferogram, which\ ' sof ¢ =27¢/ A as P(w), has values

where R is the powek a from the reference path, D is the power at the detegtor
from the DUJ and_¢& isthe al phase difference between the two optical paths. All of thg¢se

i< e third term of this equation with the phase information, The
intgrfersgransp 1schighypass filtered. The cut-off of the high-pass filtering can be estimated
sfofm to identify the interferogram frequencies related to the GD of the
ansform of this term is then used to obtain the w-dependent valueg of

2./R(@)D(w) and ¢(a ), respectively.

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:

GDE az+12+ 9 Ez dazj)- o)

1 -4

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,
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which may then be expressed as a function of w or A. 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 21/Rfa,/DN(a)i as the

amplitude from the Hilbert transform of the corresponding N(w) data. Then the polarization-
averaged transfer 7,,. of the DUT is given by

where the summation is over values from the two, or four if
reqolved interferograms.

The average insertion loss of the device is then given™h
intg¢rferograms of both detectors, expressed in dB.

1L(2<101 g

- 20
-
. =1
A - 0 "
& =
) o
- G0
=1

T 0 T . T 0 T
1538.9 1539 15391 15302
favelength [nm]

Figure 6 — GD and loss spectra for a 50 GHz-channel-spacing DWDM filter

Sample results for the GD and IL spectra of a 50 GHz band pass filter are shown in Figure 6.
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7 Analysis

Having acquired the GD data, there are several derived or alternate parameters that can be
used. The following subclauses deal with methods for extracting this information.

71 Noise reduction of group delay measurement

Various methods are used to reduce the noise on the measurement traces.

7.1.1 Averaging

Mulltiple measurements of the phase difference between the reference sigpal and the detec

opfical signal may be averaged. If the noise is non-deterministic the no
by [the square root of the number of averages. Averaging does noi sa
reqolution, but has a time trade-off.

7.1.2 Spectral filtering

applied filter is averaging over a defined spectra > case
commponents are characterized, typical widths of such wird 010

nly
where DWDM
pm. Broadband

commponents may allow window widths of up to 1n !N _shall’be taken into account
that the optical signal is spectrally brogdened d dulgtion and therefore already
prqvides a spectrally averaged meastre . sons it is required to stpte

the applied r.f. frequency and the width ing window in th
prqtocol.

Fo

reg
defai

7.2

If t
dis

The

§(vopt) = ¢(Vopto ) - 2ZTg(VOpt " Vopto)

e measuremgent

ints
by
ant

no

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

andl«{hen this linear curve is subtracted from the original phase. The remaining phase vaIueF is

thedeparturefromtinmear prrase:

7.3 Chromatic dispersion

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

dz,(1o)

dAg

cp(dg) =

Ao

However, in practice, this derivative shall be performed numerically.
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r, (/]i+1) - T, (/]i—i)
A — Ay

cD(A,) =

where i = 1,2, ..., n. AN = Aisq1 — A = Aj — A4 represents the wavelength sample spacing. If
the wavelength sample spacing AA is relatively small, a GD noise will be amplified in the CD
calculation. There are many ways to minimize the calculated CD noise. Normally, two
methods are recommended.

7.3.1 Finite difference calculation

The spectral filtering (or averaging) method is applied to reduceg the } bre
pefforming the CD calculation. It is normally applied for narrowband de : of
melasurement points filtered (or averaged) over a spectral window depe i ise
improvement, not averaging out relevant details of the measgre storting the

prqcessed GD curve.

7.3.2 Curve fit

A ¢urve shall be fitted, by least mean squares proced re. fnt
window defined in 6.1.5. The CD is ¢ ve
with respect to wavelength in orde a
brqadband device, i.e. a long spool of pth
in fhe measurement window, this method cah alsa pIy ' ice. ne
example of a multiple channel DUT ig i ing
wals for each channel.

2. | The offset freguent
to minimize
data.

3. |The CD is : differentiation of the fitted GD curve with respect| to
wavelength. . p used for calculation is 6 pm.

a5t mean squares procedure, to GD dpta
quency as shown in Figure 8.

U grid frequency is used for the frequency gxis
or good fit. The fit is within +0,5ps of the faw
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CD (psinim)

15

entiation of the fitted GD curve
agth

i i i
- 0 5 10 15
Frequency (GHz)

0.5
-15 -10

Figure 8 — Fitting of 6th order polynomial curve by least mean squares procedure
to GD data over a 25GHz optical BW centred on the ITU frequency


https://iecnorm.com/api/?name=9f80778f9dd8f45610853c9604c760e5

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviations
	4 General description
	5 Apparatus
	5.1 Modulation phase method
	5.2 Swept wavelength interferometry method

	6 Measurement procedure
	6.1 Modulation phase shift method
	6.2 Swept wavelength interferometry method

	7 Analysis
	7.1 Noise reduction of group delay measurement
	7.2 Linear phase variation
	7.3 Chromatic dispersion

	8 Test results
	Annex A (informative) Calculation of differential group delay  
	Figure 1 – MPS measurement method apparatus
	Figure 2 – SWI measurement method apparatus
	Figure 3 – Sampling at the modulation frequency
	Figure 4 – Measurement window centred on an ITU wavelength with a defined width
	Figure 5 – Measurement window determined by the insertion loss curve at 3 dB
	Figure 6 – GD and loss spectra for a 50 GHz-channel-spacing DWDM filter
	Figure 7 – Calculation of CD from the differentiation of the fitted GD curve with respect to wavelength
	Figure 8 – Fitting of 6th order polynomial curve by least mean squares procedure to GD data over a 25 GHz optical BW centred on the ITU frequency
	Figure A.1 – Mueller states on Poincaré sphere
	Figure A.2 – DGD spectrum for a 50 GHz bandpass filter measured with 30 pm resolution BW
	Table A.1 – Example of Mueller set

