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Polarization Mode Dispersion Measurements using LovCoherence
Interferometry

Luis M. N. Amaral, O. Frazéo, M. B. Marques, Mdtima, Antonio Teixeira

Resumo — Foi testado um sistema interferométrico de
medicdo de dispersdo dos modos de polarizacdo (PMBin
fibra dptica. Usando uma técnica de baixa coerénciem um
interferémetro de Michelson para determinar os valoes da
PMD em duas bobinas de fibra, partindo do valor datraso
de grupo diferencial (DGD). O valor minimo mensurael do
atraso de grupo esta limitado pela fonte de baixaoeréncia a
0,13ps, tendo sido medido um valor minimo aproximado de
0,14ps. Ao longo de intervalos de tempo diferentes parsada
bobina foram obtidos os seguintes valores médios &MD -
0,0405+0,0008 ps/kif , e 0,0463+0,0004 ps/kii. Foi
observado um comportamento estocastico e aleatdrida
PMD.

Abstract — An interferometric setup for measuring
Polarization Mode Dispersion (PMD), was tested. luses a
low-coherence technique in a Michelson interferomet to
determine the PMD values in two reels, measuring th
Differential Group Delay (DGD). The low-coherence sarce
bounds the minimum value of DGD detected to 0,13s,
leading to a minimum value detected around 0,14s. The
measured PMD mean value for one reel, in a periodfo
several days was 0,0405+0,0008 ps/Kf and for the other
was 0,0463+0,0004 ps/k?ﬁ. Stochastic and random behavior
of PMD was observed.

|. INTRODUCTION

As the amount of traffic transmitted through optica
networks all over the world increases, higher &ies over
long distances are required. Polarization Mode &nsipn
(PMD) became more visible and its effects more
significant for those long haul transmission systenith
high bit rates (10Gbits, 40Gbits and higher).

PMD emerges as a direct outcome from the factttiet
propagation of the optical power in a single-moteerf
occupies two orthogonal polarization modes witlfiedént
velocities of propagation. The difference betwewms tivo
modes is caused by optical birefringence. Any
perturbation (imperfections in the fiber, mechahsteess,
temperature fluctuations) that alters the circslanmetry
of a homogeneous fiber will create two orthogonal
polarization states, in a way that any wave, with a
indiscriminate state of polarization (SOP), profaga
through the fiber will have components on thosdesta

with two different velocities. The difference betwmethe
two propagating times leads the original pulsepread.
The difference between arrival times is describgdHe
Differential Group Delay (DGD).

This leads to a variation of PMD value with timedan
fiber length in a random way.

1. Principle:

As mentioned, PMD has a random behavior over time
and is dependent on the length of the optical filso
when determining PMD two cases are considered:Ismal
and long optical fiber sections.

In small sections of optical fiber, disturbances dze
assumed as constant throughout the propagatiorhleng
The derivative of the birefringence, that is deteed
from the difference between propagation constahthe
two orthogonal modes, in order of frequency, giueghe
differential group velocityAt, per unit length[1]
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The DGD is a temporal effect of PMD.

In long sections of optical fiber the disturbancasnot
be considered as a constant over the whole leifigtian
be considered as a junction of small uniform omash
with its random displacement of the polarizatioesaxSo,
as the signals in each mode (slow and fast) areqsa
from one smaller section to the next one, a cogpdiffiect
between the polarization modes occurs. This mode
coupling, despite preventing DGD from accumulating
linearly with the distance, also causes a variatbrits
value according to a Maxwell distribution over tinTéhis
implies that the mean value of DGD increases wlith t
square root of the fiber length.

To distinguish between small and long fibers thisra
parameter callectorrelation length I, defined as the
length of the fiber in which the mean power in dapiaed
orthogonal mode, drops tgd of the initial power[2].

For fiber smaller thanl, DGD varies linearly with
distance, whereas for fiber longer thanthe random
variation of the SOP leads to a statistical Maxwell
distribution of DGD. Then the PMD value is detergdn

by[3]
(ar)
=L 2
N (2)
where L is the propagation distance, addz> is the
expected time differential delay.
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Several techniques exist for measuring the PMDceffe other, the parametekt is not constant over the source
on optical fibers, in this work Low-Coherence spectrum, causing the broadening of the peak wiith t
Interferometry was selected. DGD variation with the wavelength.

2. Low-Coherence Interferometry: [l. PROPOSEDSYSTEM
This technique is a convenient and widely usedrtiegle
for measuring PMD effects stemming from the DGD in The Figure 2 presents the system used for measuring
the fiber[4-6]. It uses a low-coherence sourceatimth a  the Polarization Mode Dispersion using the
beam through the Fiber Under Test, FUT, and in® th Interferometer Method mentioned earlier. The used
Michelson interferometer. There, as the free arnvesp  source was a Super Luminescent-Diode, SLD, with a
interference fringes are generated when the ovérad- nominal wavelength of 155m with a measured
delay difference between the two arms and the delaycentral wavelength equal to 15528 and having a
generated by the FUT are lower than the sourcerenbe estimated coherence length, of approximately 38,5
time. pm which limits the DGD resolution to 0,143 The
In the non-coupled case there are only two non-Quarter Wave Plate (QWP) is used to control the
degenerate paths for which light can travel throtig polarization in the fixed arm of the interferometer
FUT, along the fast axis, or along the slow axig, the making possible the identification of the three
value of the difference between the propagatiore twh envelopes used in the DGD determination. The
flight on the FUT will be 0 oe<Az> (Fig.1). In the high ~ components catalog include: a non-polarizing 50:50
mode-coupling case, the interference pattern has arbeam-splitter, an amplified InGaAs photodiode with
indistinguishable number of peaks that are relati¢l the increase responsivity at 1550 and a data acquisition
number of mode-coupling sites on the fiber. board. The system is fully controlled by LabVigly
Even though the temperature was approximately
constant in the laboratory over the acquisitionetirthe
- Autocorrelation peak measurement setup was isolated to avoid external
disturbances.
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Fig.1 Interferogram envelope example for non-maalgped devices.

The central peak, which is the autocorrelation pefake
source, stems from the interference between theofas -
slow axis with themselves in the two interferometans.
This peak corresponds to the coherence functiothef
source in the absence of interference or chromatic
dispersion from the side lobes. The side lobes are
generated when the polarization in the fast axéelayed,
in a way that it will coincide with the polarizationode in
the slow axis. This implies that their distanceniréhe
central peak is equivalent t&xAr>. The temporal

resolution limit is determined by the source coheee After the implementation of the system, several

time that is given by the width of the central pesio acquisitions were taken in both reels. A typical

when PMD has a very small value, the side lobes A Cinterference pattern detected is shown in Fig. 8 T

added coherently with the central peak, makingrthei . o . o
) o oo . convert this pattern to one similar to Fig. 1sinecessary
identification difficult. Therefore, it must be aatleoff . . .

to find out the absolute value in relation to theam

between bandwidth and DGD resolution, which implies . . . .
that narrow bandwidth sources allow better DGD intensity, Fig. 4. Then the envelopes are adjuitieaach

detection but, at the expenses of having less DGDpattern, allowing the determination of the inst&®&D

. - . : . from the scanned distan@:=2l/c.
resolution. The finite width of the side lobes pedk . . . :
: . Comparing these interference patterns with the ione
caused by two main mechanisms. On one hand, theesou _. . .
: Fig.1 it can be assumed that we were in the preseha
coherence time of the source broadens the peatheln

Fig.2 Experimental setup.

Two optical fiber reels with 5km of the same
manufacturer, factory rolled, were tested.

I1l. RESULTS ANDDISCUSSION
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non-coupled case, because it clearly shows thantiae-

coupling effect during the acquisitions did notatedevels

high enough to be considered a high mode-couplasg.c
So it was used the non-mode coupling approach.
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Fig.3 Typical Interference pattern.

As each interference pattern was slightly differiean
the previous one, to validate the statistical asiali3] the
acquisition of several sets of patterns to caleula¢ PMD
measurements was needed.
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Fig. 4 Aproximation envelopes for the interferepedtern, where | is the
difference of paths travelled by the beam in therferometer.

For each reel, the acquisitions taken show a clexistic
curve that closely resembles a Maxwell distributidrihe
expected time differential delayAz>, Fig. 5. Using this
value it is possible to determine the PMD valuengsi
equation (2).

For Reel 1, the acquisitions were made over a ltinge
interval of 32 days. Whereas for Reel 2, the adtis
were made over a much smaller time frame, of jutays,
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between PMD mean values for the two reels, could be
explained by the differences between their intdnsi
properties in association with initial environmdnta
conditions, temperature in particular, over a lontjme
frame for Reel 1when compared to the 5 days tiramér

for Reel 2.
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Fig. 5 Histogram of determined PMD values for Reéei a 32 days time
interval, with its normal representation.
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The PMD values can be straightforward determined
using this setup and starting from the interference
patterns. In the case of well defined envelopeshin
interference pattern (Fig. 3), it implies that ttime
delay between the two polarizations is greater ftien
coherence time of the source. When this condit®on i
met, it is easy to determine the DGD from the
interference pattern obtained with this setup.
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Fig. 6 Histogram of all DGD values for Reel 2.

One limitation to PMD measurement can become

having however a greater number of measurements. Invisible when, small and unpredictable variationsof
both cases the PMD value was determined using iequat states of polarization during the acquisition cause
(2), with the expected DGD value obtained from the coupling between the fast and slow axis insideréwe,

interference patterns. The mean PMD value for Reel

was 0,040540,0008 ps/km while for Reel 2 the
determined mean PMD value wa946320,0004 ps/km
The existence of extreme PMD values very distaonfr
the mean PMD value, confirms that small variatiohthe

initial parameters that affect birefringence

unpredictable variations on PMD value. The diffex@n

cause model

altering the interference pattern profile.
IV. CONCLUSIONS
The proposed Low-Coherence Interferometry based

for PMD measurement, is limited by the
coherence time of the source to determinations of
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minimum DGD values of 0,1®s In this work, the [2]
minimum measured value was 0 gl
As expected, probabilistic behavior of the firster 3
PMD was observed in the two %on optical fiber reels
used. This reveals the influence that environmental
factors have on PMD. One of these factors could be
temperature, and its variation can cause serioanggs
in the output states of polarization of the fiber.
(5]
V. ACKNOWLEDGMENTS

MOTION (PTDC/EEA-TEL/73529/2006) FCT project is
acknowledged. [6]

REFERENCES

[1] Kaminow, Ivan P., and Koch, Thomas LOptical fiber
telecommunications IllIALondon: Academic Press, 1997.

ELECTRONICA ETELECOMUNICAGOES VOL. 5,Ne 2, JuNHO 2010

I. P. Kaminow, “Polarization in Optical Fibetsleee Journal of
Quantum Electronicssol. 17, no. 1, pp. 15-22, 1981.

] C. D. Poole, “Statistical Treatment of Polatiza Dispersion in

Single-Mode Fiber,"Optics Letters,vol. 13, no. 8, pp. 687-689,
Aug, 1988.

] P. Williams, “PMD measurement techniques anevfio avoid the

pitfalls,” Polarization Mode Dispersigrpp. 133-154, 296, 2005.

E. Simova, I. Powell, and C. P. Grover, “Biaspdshifted low-
coherence interferometry for measuring polarizationode
dispersion (PMD),"Optical Fiber Technologyyol. 8, no. 1, pp. 4-
23, Jan, 2002.

N. Cyr, “Polarization-mode dispersion measuratn&eneralization

of the interferometric method to any coupling regjtrJournal of
Lightwave Technologyol. 22, no. 3, pp. 794-805, Mar, 2004.



