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International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC ,is. 10 p
rnational co-operation on all questions concerning standardization in the electrical and electronic fie
end and in addition to other activities, IEC publishes International Standards, Technical ‘Specifig
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter feferred to a
lication(s)”). Their preparation is entrusted to technical committees; any IEC National-Committee int
he subject dealt with may participate in this preparatory work. Internationalp governmental an
ernmental organizations liaising with the IEC also participate in this preparation, I[EC collaborates
the International Organization for Standardization (ISO) in accordance awith "conditions determi
Eement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interr
sensus of opinion on the relevant subjects since each technical committee has representation f
rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
nmittees in that sense. While all reasonable efforts are made{ to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or

brder to promote international uniformity, IEC National* Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their* national and regional publications. Any divg
iveen any IEC Publication and the corresponding-national or regional publication shall be clearly indid
latter.

provides no marking procedure to indicate its approval and cannot be rendered responsible f
ipment declared to be in conformity with @n-IEC Publication.

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

liability shall attach to IEC or its-directors, employees, servants or agents including individual expe
mbers of its technical committees-and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of the-publication, use of, or reliance upon, this IEC Publication or any oth
lications.

bntion is drawn to the Normative references cited in this publication. Use of the referenced publica
spensable for the ‘cofrect application of this publication.

bntion is drawn:to the possibility that some of the elements of this IEC Publication may be the su
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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IEC 61292-5, which is a Technical Report, has been prepared by subcommittee 86C: Fibre
optic systems and active devices, of IEC technical committee 86: Fibre optics.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
86C/579A/DTR 86C/608/RVC

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.
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IEC 61292 consists of the following parts, under the new general title Optical amplifiers:

Part 1:
Part 2:

Part 3:
Part 4:

Part 5:

Parameters of amplifier components

Theoretical background for noise figure evaluation wusing the electrical
spectrum analyzer

Classification, characteristics and applications.

Maximum permissible optical power for the damage-free and safe use of optical
amplifiers, including Raman amplifiers!)

Polarization mode dispersion parameter — General information

Futurgstandards in this series will carry the new general title as cited above. Titles or existing

standprds in this series will be updated at the time of the next edition.

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

The qommittee has decided that the contents of this publication will remain’ unchanged until
the maintenance result 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

* reponfirmed;

* withdrawn;

placed by a revised edition, or
+ amended.

<o

D

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

1) To be published.
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OPTICAL AMPLIFIERS -

Part 5: Polarization mode dispersion parameter —
General information

1 Scope

This part of TEC 61292, which is a Technical Report, applies o all commercially avdilable
opticgl amplifiers (OAs) including those using fibres (OFAs), semiconductors (SQAs], and
waveguides (POWA), as classified in IEC 61292-3.

This Technical Report presents general information about polarization mode. dispersion (PMD),
related to the application of the two commonly used methods to test PMDyin OAs, the Jones
matrix eigenanalysis (JME) and the Poincaré sphere analysis (PSA); "which have|been
demohstrated to be formalistically equivalent [4,5]2).

This feport is complementary to the International Standards ,describing the JME procedure
(IEC $1290-11-1) and the PSA procedure (IEC 61290-11-2).

2 ormative references

The fpllowing referenced documents are indispensable for the understanding of this dociment.
For dated references, only the edition cited applies. For undated references, the latest gdition
of thelreferenced document (including any amendments) applies.

IEC §1290-11-1, Optical amplifier testanéthods — Part 11-1: Polarization mode dispersion —
Joneg matrix eigenanalysis method (JME)

IEC $61290-11-2, Optical fibreloamplifier test methods — Part 11-2: Polarization |mode
dispetsion — Poincaré spheré_analysis method 3)

IEC 6[1292-3, Optical amplifiers — Part 3: Classification, characteristics and applications

3 Alcronyms-and abbreviations

ASE amplified spontaneous emission
BBS broadband source

DGD differentiatgroup detay

DOP degree of polarization

JME Jones matrix eigenanalysis

OA optical amplifier

OFA optical fibre amplifier

OSA optical spectrum analyser

PDG polarization dependent gain
PDL polarization dependent loss

2) Numbers in brackets refer to the Bibliography.
3) To be published.
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PMD polarisation mode dispersion
PMF polarization-maintaining fibre
POWA planar optical waveguide amplifier
PSA Poincaré sphere analysis

PSP principal states of polarization
RBW resolution bandwidth

RMS root mean square

SMSR side mode suppression ratio
SOA SemTiconductor opticatamptifier
SOP state of polarization

TLS tuneable laser source

4 General Information

PMD
(PSP
devic
polari
Stoke
dispe

The following clauses will discuss some of these caoneepts as specifically applied to OAs

4.1

OAs
medid

Some
deper
or if
(PMF
instal
inves

Most

4.2
In OA

refers to how the polarized light and in particular the principal “states of polari
5) from a short pulse of a narrowband light source are modified when going thro

zation
ugh a

b such as an OA. This process is mathematically explained by the concepts of

zation transfer function, the Jones vector and the polarization dispersion matri
s vector and the Poincaré sphere, the PSPs and their mode coupling, the polari
sion vector and the differential group delay (DGD),

Principal states of polarization and moede coupling

are usually defined by a combination "of optical components (passive or activs
m); in some cases, an optical fibre ig used as the active gain medium (see IEC 6129

K, the
ration

gain
2-3).

components have a deternrinistic behaviour while others behave stochastjcally,

ding on their complexity and design. An optical fibre is deterministic if its length is
ts birefringence axis is fixed, such as in the case of a polarization-maintaining
. The fibre will have- a“stochastic behaviour if it has a long length such as thg
ed in cable plant.<The length from which the fibre behaves stochastically is still
igation.

DAs are expected to behave in semi-random mode coupling.

Differential group delay and polarization mode dispersion

si\.the DGD may vary as a function of wavelength (or frequency) even if this varia

short
fibre
fibre
under

ion is

SmMoo

OAs t

h, small or sometimes predictable. Tn that case, the concept of PMD expressed as the
RMS value or average value of the variation of the DGD as a function of wavelength (or
optical frequency) and the concept of maximum value of that DGD variation can be used. For

he DGD and PMD are reported in ps.

In OAs, PMD together with polarization dependent loss (PDL) and polarization dependent gain
(PDG) may introduce waveform distortion, leading to unacceptable bit error rate increase.
Figure 1 illustrates the case where at the output of the DUT the bits are not only broadened
(in absence of PDL/PDG) but also distorted (in presence of PDL/PDG). In presence of PDL,

there

is a loss of degree of polarization (DOP) for one PSP.
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Ef
Key

t timg

z dirgction of propogation along the fibre
HRigure 1 — Effect of PMD on transmission of an information bit pulse in a devic
5 Test method calculations

The mpathematical formulation, as well as examples of calculation of JME and PSA, are
in [IEG 61290-11-1 and IEC 61290-11-2, respectively.

6 Measurement issues
The fpllowing clauses pertain specifically to PMD measurement issues for OAs

6.1 Source degree of polarization and amplified spontaneous emission

C 1064/04

found

The tgst methods requireta polarized signal at the input of the polarimeter. Although the test

sourck is highly polarized, the DOP at the output of the OA may be significantly reduc
polarized amplified spontaneous emission (ASE).

ource DOP-"and measured signal DOP should be at least 25 % within the ¢
idth of.the SOP measurement. This is of particular concern when using a tuneable
source (TES) without a tracking optical filter at the OA output, because the total ASE
out of the”OA, i.e. the ASE spectrum integrated over all wavelengths, impinges o

ed by

ptical
laser
bower
n the

photo!

litions

must be ensured in order for the DOP at the output port of the DUT to be high enough, e.g.

>30 %, for accurate measurement.

Figure 2 shows a typical OFA output spectrum from a TLS input as viewed on an optical

spectrum analyser (OSA) with a resolution bandwidth (RBW) of 0,5 nm (~65 GHz a
1 550 nm).

round


https://iecnorm.com/api/?name=067e814f532122eeb046ace576b61838

-8- TR 61292-5 © IEC:2004(E)

Amplified signal

Power dBm

40 /
1525 1575
Wavelength nm

IEC 1065/04

Figure 2 — Spectrum of optical fibre amplifier output

The qource DOP requirement is less of a concern when using a"BBS and spectral anjalysis

(which acts as a narrowband filter centred about the selected _wavelength, such as

vith a

typicqdl implementation of the PSA method shown in IEC 61290<41-2), or a TLS with a tracking

narroywband filter at the output of the OA. In this case the ASE power, within the RBW
spectfal analysis, or output-filter bandwidth, remains law Wwith respect to signal power

broader range of saturation conditions.

of the
for a

Assurhing that the signal is highly polarized and.the ASE is unpolarized, the DOP is given by

the fojlowing equation:

P

DOP= 5
P+ IN(i)dﬂ

(1)

wherg P is the amplified signal\power and N(4) is the power spectral density of the ASE. The
integral in the denominator is-the total ASE power. For an OFA the value of N at the gignal
wavelength can be calculated as follows:

N = FGhv (2)
wherg F is theyOA noise factor, G is the gain, i is Plank’s constant, and v is the gptical
frequéncy. Typical values for a heavily saturated OA are:

F 4 (6 dB)
G =100 (20 dB)
Ps=10mW  (+10 dBm)
For hv= 1,28 x 10~19, N is calculated as follows:
N=4x100x1,28x10"19=512x 1017 W/Hz ~ 6,4 x 106 W/nm = -21,9 dBm/nm
Assuming a 30 nm bandwidth, the total ASE power is 0,19 mW = -7,2dBm. Using

Equation (1), DOP is calculated as 10/(10 + 0,19) = 98 %. This value is very adequate for

making DGD measurements.


https://iecnorm.com/api/?name=067e814f532122eeb046ace576b61838

TR 61292-5 © IEC:2004(E) -9-

However, if the signal level is lowered, the ASE rises. Here are typical values for an OFA at a
lower level of saturation:

F=4 (6 dB)

G =1000 (30dB)

Py =1mW (0 dBm)

N=4x1000x1,28x10"19=512x 10-16 W/Hz ~ 6,4 x 10~ W/nm = -11,9 dBm/nm
Again, assuming a 30 nm bandwidth, the total ASE power is 1,9 mW = +2,8 dBm. Using

Equation (1), DOP is calculated as 1/(1 + 1,9) = 34 %. This is marginally adequate for the
JME grethodusimga 1 LCS-

In the case of JME, it is therefore critical to adequately saturate the OFAte obfain a
sufficlently high DOP, e.g. >30 %, and a reliable measurement result.

6.2 The use of a broadband source

It is possible to characterize OAs with the use of BBS and tuneable“optical filter (such as
OSA)| Some filters (analysers) have <10-pm RBW (<1,5 GHZ ‘around 1 550 nm)| The
differ¢gnce here is the power measurement range. Strong ASE sources of 20 dBm/nm wi|l give
approximately —20 dBm (including filter loss) in a 20 pm window,; whereas laser sourcgs are
generally more than 0 dBm, thus a 25-dB difference in measurement range. It is worth noting
that some ASE sources can give more than +20 dBm/om in some wavelength rgnges.
Nonetheless, if the sensitivity of the detectors is —80.dBm to —90 dBm, this still gives, in
generjal, 60 dB to 70 dB of measurement range, suffiCient for many measurement applications.

If a BBS is used together with a tuneable filter onOSA after or before the OA and the Fpurier
transform is performed on the OSA output sighal, the interferogram or the time signatlre of
the signal is obtained. This approach may be-used for instance to perform PMD measurgment
using|[the PSA method (see IEC 61290-11=2). In that case, the RBW is the setting parameter.
In fact any measure has a RBW, TLS.included, which must be known, including the shape of
the filter used, if the results need to. be accurately determined and properly analysed.

In the case of the interferogranyythe cut-off delay or the coherence time (in the time dgmain)
or thg RBW (in the frequency-domain) must be specified. This corresponds to specifying the
bandwidth of a filter, in_ordér to properly reduce the noise level: the spectrum of the pignal
(the inpterferogram) is loeked at and is cut-off from the point or area where there is excgssive
noise| spurious or non-interesting, irrelevant information. In fact the cut-off frequency pf the
filter |(or its coherence time) is carefully selected by analysing the signal spectrum (the
interf¢rogram).

6.3 |[Coherence interference effects and multiple path interferences

Thesa effects are also called Fahry-Pprnt effects or Fahry-Pnrnf etalaon effects

OAs may contain bulk optical elements, fibre-waveguide splices, and fibre-lens interfaces etc.
that can give rise to reflections due to optical index mismatch between elements.

The transfer function measurements are sensitive to cavity effects if the lengths of these
cavities are shorter than the coherence length of the TLS if a TLS is used. The longer the
range between two reflections, the larger could be the instability of the transfer function
measurements due to the fluctuation of the cavity effects. For instance, if two parasite
reflections are separated by three metres of fibre, a fluctuation of a quarter of a wave of the
cavity length will be enough to go from a maximum to a minimum in the transmission
spectrum, approximately 0,25 um in the fibre. A temperature fluctuation of the order of
0,01 °C may also be enough to generate such effects.


https://iecnorm.com/api/?name=067e814f532122eeb046ace576b61838

-10 - TR 61292-5 © IEC:2004(E)

The effect of these reflections may also be to induce multi-path dispersions that are either
PMD-related (i.e. the path difference is polarization sensitive) or not (polarization insensitive
path differences) [6].

Reflections and multiple delay paths that are not polarization sensitive can be separately
removed from DGD. Any kind of polarization-sensitive differential delay (birefringence effects),
however, will be recorded as DGD.
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