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ABSTRACT

In this paper, the polarization mode dispersioright channel WDM system is evaluated by consideane
even channel and one odd channel performance pamarike BER and Q-factor. As PMD effects transiae at
high bit rates so it is compensated with the hélfiber bragg gratings at different distances bnteolling the polarising
angle with the help of polarization controller dfipticity =+45/-45, azimuth=0 corresponding to lmighand/left hand
circular polarization technique and analyse BERfaQer and eye diagram of WDM system. The overedlutts shows

improvements in performance of WDM system.
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1. INTRODUCTION

Due to the rapid increase in the demand for bantiwiavelength divison multiplexed WDM) systems éav
been widely deployed in trans-oceanic links as veall continental and metropoliton networks [1]. Ehare three
polarization effects that lead to impairments im tlong-haul optical fiber transmission systems:apphtion mode
dispersion (PMD), polarization dependent loss (PRDdnd polarization dependent gain (PDG) [2]-[4]. particular,
PDG can lead to excess noise in the polarizatidhogonal to the signal, and it therefore plays mpadrtant role in
determining the degradation and variance of theofaBy contrast, dense WDM systems whose chararelspread over a
large bandwidth rapidly change their relative piaktion states due to PMD so that the overall degfepolarization of
the system is nearly zero, and PDG is ineffectMethe same time, different channels experiencéediht amounts of
PDL, and, since the amplifiers maintain the toighal power nearly constant, individual channelslango a kind of
random walk so that it is possible for some chamtelfade. The index of refraction is changed kg diptical power,
resulting in a nonlinear birefringend®]. There are different manifestations of PMD depegdbn the view taken.
There exist special orthogonal pairs of polarizati the input and the output of the fiber calleel PSPs. Light launched
in a PSP does not change polarization at the otdirst order ino[6]-[8].

These PSPs have group delays, tg, which are themmexand minimum mean time delays of the time domai
view. The difference between these two delays iedahe DGD. The PMD vector describes both the #8Rd the
DGD in the fibre. Its PSPs are the polarizatiormnglthe principal axes of birefringence of thedilj@]. In this case the
two axes can be treated separately, and in gehens different phase shifis and different group delayde/do.
One can see that the different values @) will also produce changes in the output statpadérization as a function of

frequency unless the input is launched in one ®RBPs. The DGD grows roughly as the square rabedéngth of fibre,
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as is characteristic of a random walk problem [0je commonly accepted parameter used to charactegzZ°MD delay
is the mean DGD across a certain wavelength rafigednd is expressed in [ps].

PMD= <At>

The mean DGD is proportional to the square rodheflength of the fiber. The PMD coefficientrc [psAkm,
is used to express the PMD delay as a functiohefiber lengthAt = Atc x\L ; where L is length of the fiber[11].

2. DESIGN TOPOLOGIES
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Figure 1: Polarization Mode Dispersion Measuremenin WDM System

The system configuration consists of eight channetsich are originated with the help of PRBS getmta
continue wavelength laser and electrical signakgeior. In the WDM system, each channel is trariethiat the data rate
of 10Gbps. So the capacity of the system becon®8}180Gbps. Polarisation Transform is used torobiie polarising
angle at ellipticity +45/-45 and azimuth ® After multiplexing the signal is transmitted tbgh non linear fibre.
The differential group delay, which occurs due he polarization mode dispersion in the fibre is suead by using
polarimeter. In this model we measure the PMD mmteof differential group delay at various distaemd the system
parameters such as Q- factor, bit error rate ete.amalysed after being demultiplexing. Optical tipléxers and
demultiplexers are used here. The estimation of P°MBomparison of the effect of various polarizatistates in the
WDM system on the basis of performance metrics @ifactor, BER and Eye diagram is carried out alifis and at

various distances.
2.1 Polarization Mode Dispersion Compensation witlribre Bragg Gratings

In the above system it is observed that in theraton controller mode with ellipticity=+45 andienuth=0 the
PMD is less than in case of other cases of poléwizatates. So the polarization controller modehébetter polarization
mode among the other polarization modes. In omldurther reduce the polarization mode dispersiothe system eight
channel WDM system fibre bragg grating are employdtch helps to decrease the dispersion in the W&)/gtem.
Fibre Bragg Gratings could possibly replace DCF tlas standard solution for in-line dispersion congagion.
Chirped FBGs have a negligible nonlinearity, lowdrtion loss and small size [79]-[80]. This potalhyi allows simpler
erbium-doped fibre amplifier (EDFA) design by cadiog the FBG and transmission fibre without a ntalge amplifier,
resulting in a significant cost reduction. The mdrawback of FBGs is that they suffer from distums that is caused by

imperfections in the gratings fabrication procesd &mits the number of FBGs that can be cascattethe designed
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WDM system, | use FBG as a PMD compensator. At 78lgtance the non linear fibre exhibits dispers60.09e3 s/m3
which induce PMD in the WDM link. The fibre Braggaging of 1.65m long is used here with linear chifp0.3nm.
The apodisation pattern of grating is uniform faehr chirped gratings. An EDFA is also insertedupport the system so
as to improve its performance. At a distance ofkb®OFBG used for PMD compensation is 1.5m in lengttere the
linear chirp of 0.4nm is chosen. It greatly reduties PMD in the WDM system. EDFA with power gain Xifdb and
power saturation of 8db is used where as at 125kWbBM link, FBG of 2m long and 0.4nm chirp is apdi to

compensate PMD. An EDFA of suitable power gain poer saturation is used in the given system.
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Figure 2: WDM System to Compensate PMD with FBG

3. SIMULATION RESULTS
3.1 PMD at 75km in Polarization Controller Mode
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Figure 3.1a: PMD in Polarization Controller with Ellipticity +45 and Azimuth 0.0

IstmpEyeDiag3angle10 Eye Diagram

| - T = T - '. - T T 156 -:

oF (dE)

J 154
i e . . B . e ] 2 :
m 152 <

1501

|

I T T 148 1 T 0 1 2
o 100 200 0 100 200 1010
polangle polAngle Time (s)

Figure 3.1b: BER, Q-Factor and Eye Diagram of Odd @Gannel
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Figure 3.1c: BER, Q-Factor and Eye Diagram of EveiChannel

3.2 PMD at 100km Using EDFA Gain of 8db and Saturan Power of 6db in Polarization Controller Mode
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Figure 3.2a: PMD in Polarization Controller Mode
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Figure 3.2b: BER, Q-Factor and Eye Diagram of Odd @Gannel
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Figure 3.2c: BER, Q-Factor and Eye Diagram of EveiChannel

3.3 PMD at 125km Using EDFA in Polarization Controler Mode
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Figure 3.3a: PMD in Polarization Controller Mode with Ellipticity 0, Azimuth +45
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Figure 3.3b: BER, Q-Factor and Eye Diagram of Odd @Gannel
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Figure 3.3c: BER, Q-Factor and Eye Diagram of EveiChannel

3.4 Compensation of WDM System with Fibre Bragg Grang at 75km in Polarization Controller Mode

Figure 3.4: Compensation of WDM System with Fibre Bagg Grating at 75km
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Figure 3.4a: PMD in Polarization Controller Mode after FBG Compensation at 75km
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Figure 3.4b: (a) BER (b) Q-Factor and (c) Eye Diagam of Odd Channel after
FBG Compensation at 75km
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Figure 3.4c: (a) BER (b) Q-Factor and (c) Eye Diagim of Even Channel after FBG Compensation at 75km

RESULTS ANALYSIS

This case of polarization controller mode is cquoesling to circular left/right mode; it gives betfgerformance
after compensation using FBG. Differential groupagleis again constant in this mode and it reducedli/ps.

The performance of odd and even channel is givamdsr.

Table 1
Odd Channel Even Channel
BER remains same at 10at all angles.| BER remains same at all angle§at 1
Q- factor remains same at 17.6db. Q-factor remsanse at 17.4db at all angles.
Eye diagram is clear with FBG. Eye diagram is inveih

The performance of odd channel is better than eteannel after using FBG.

3.5 Compensation of WDM System with Fibre Bragg Griang at 100km in Polarization Controller Mode

x10713

52 1
51
. 50 |
G
o 49
Rslew = = = = = = ®un =n
8 a7
=
& 46
45
44
43 - T T T T T T T T T T T T T T T T T T T
o] 20 40 60 80 100 120 140 160 180
polAngle

Figure 3.5a: PMD in Polarization Controller Mode after FBG Compensation at 100km
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Figure 3.5b: (a) BER (b) Q-Factor and (c) Eye Diagagm of Odd Channel after FBG Compensation at 100km
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Figure 3.5c: (a) BER (b) Q-Factor and (c) Eye Diagtm of Even Channel after FBG Compensation at 100km

RESULTS ANALYSIS

Differential group delay is constant in this modeddt reduced to 2.4ps. The performance of odd eweh

channel is given as under.

Table 2
Odd Channel Even Channel
BER remains same at all angles at10| BER remains at 1t at all angles.
Q- factor remains same at 17.8db. Q-factor remsanse at all angles at 20.2db.
Eye diagram is clear with FBG. Eye diagram is inveih

The performance of even channel is better than cllghnel after using FBG. The performance of the

WDM system is improved with FBG compensation.

3.6 Compensation of WDM System with Fibre Bragg Gring at 125km in Polarization Controller Mode
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Figure 3.6a: PMD in Polarization Controller Mode after FBG Compensation at 125km
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Figure 3.6b: (a) BER (b) Q-Factor and (c) Eye Diaggm of Odd Channel after FBG Compensation at 125km
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Figure 3.6c: (a) BER (b) Q-Factor and (c) Eye Diagtm of Even Channel after FBG Compensation at 125km

RESULTS ANALYSIS

This case of polarization controller mode is cqumesling to circular left/right mode; it gives betferformance

after FBG compensation. Differential group delayrésluced to 2.5ps. The performance of odd and ethamnel is
given as under.

Table 3
Odd Channel Even Channel
BER remains same at all angles at10| BER remains same at all angles at’10
Q- factor remains same at 18.4db. Q-factor remsanse at 20.6db at all angles.
Eye diagram is clear with FBG. Eye diagram is inveih

The performance of even channel is better thanchddnel after using FBG at 125km. Eye diagram itebafter
compensation.

Table 4: Shows the PMD with and without Compensatio

Distance PMD without PMD after FBG
(km) Compensation (ps) | Compensation (ps)
75 5
100 18.5 24
125 17.7 25
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Table 5: Shows the BER of Various Odd and Even Charels of WDM System after PMD Compensation

Distance EER
(km) Odc_i Channel Eve_n Channel
With FBG With FBG
75 10* 10™
100 10 10%
125 10 10*

Table 6: Shows the Q-Factor of Odd and Even Channelf WDM System after PMD Compensation

; Q-Factor(dB)
D'(SKtﬁgce Odd Channel | Even Channel
With FBG With FBG
75 19.3 17.4
100 20.4 20.2
125 18.1 20.6

4. RESULTS AND DISCUSSIONS

The above results show the PMD in WDM system inappation controller mode. The BER and Q-factor is
constant for all the polarization angles. BER i8 4@8d 10’ in case of odd and even channel where Q-factb5.3dB and
15dB at 75km. The BER at 100km is™ftand 10" for odd and even channels which show a small @iffee, it means
BER of all the channels is approachable to accéptizhit where the Q-factor also improves with vedul7.6dB and
17.2dB of odd and even channels. At 125km, PMD @s7is and BER is 18 and 10 for odd and even channel.
The Q-factor of odd channel is 16.3dB and 16dBhendase of even channel.

Table 4 shows the simulations results of PMD corsptian in WDM system with fiber brag grating of iears
even and odd channels. When the same system isecsated with FBG the PMD induced in the system.¥psl
Hence FBG provides compensation of 3.3ps. Thergyateriod of FBG is 5.353m and modulation deptB.6&-4 is used.
The refractive index of linear chirp grating is 3.4 this system. The length and chirp of gratisglifferent for various
distances of WDM system. At 100km distance, thei@adf induced PMD in the system is 18.5ps whichettuced to
2.4ps when it is compensated with FBG. It providesost 16.1ps compensation. The PMD occurs at 125ki7.7ps.
After compensated with FBG it becomes 2.5ps. Frbasé results it is observed that PMD is widely cengated
with FBG.

Table 5 shows the BER of various odd and even d@farof eight channel WDM system. It is observed tha
polarization controller mode its value is constantll polarization angles. So one odd channel@ral even channel is
selected to analyse the BER after doing the congtiemsof the designed link with FBG. The resulttattle shows that at
75km BER is 16°in case of odd channel when these channels arparsated with FBG where as this value 31
case of even channel. As the distance increas#80km, the BER is improved by inserting EDFA in DM system
and BER is 18° in case of odd channel and®0n the even channel after compensation. At 125#m,BER of odd
channel becomes I®and 10? in case of even channel after compensating theersysn the table 6 the Q factor of
various odd and even channels of WDM system is shafter compensation in the polarization contrafterde. When the
system is compensated the Q-factor is 19.3db amn7ibkcase of FBG as a compensating device. At émeesdistance

Q-factor is 17.4db in even channel of WDM systenhe Tvarious values of Q- factor of odd channel after

Impact Factor(JCC): 1.5548 - This article can be denloaded from www.impactjournals.us




| 32 Amandeep Kaur & Neetu Gupta |

FBG compensation 20db and 20.2db in case of evannet at 100km. The Q-factor is 18.1db when 125kBN\system

is compensated with FBG whereas it value is 20i6diase of odd channel under FBG compensation.
5. CONCLUSIONS AND FUTURE SCOPE

In the WDM system PMD limits the long distance sanission of optical fibre and if the polarizationgée is
controlled with the help of polarization controllat ellipticity= +45/-45 and azimuth = 0, which é¢®rresponding to
right/left circular polarization then the overadisults shows improvement in BER, Q-factor and Eggrdms of various
channels. The value of BER varies from*io 10% for different odd end even channels at variousadises, which is
acceptable and Q-factor of 17.4 to 20.6 also pewdtter system performance when it gets compeahseith FBG.
In future this topology can be enhanced to caleuR¥ID at bit rates higher than 10Gbps, at largetadces and for more
number of channels using different methods. Difiem@ptical compensation methods can be used thefurmprove the

system capacity at larger distances and also hehigjt rates.
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