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In today’s technology, optical fibers are becomingre and more fundamental to be
transmission media in theommunication world. Optical system is to improve
quality factor and use to optimize noise reductidhis paper presents the idea
improving Quality Factor (QF) and noise reductiona Passive Optical Netwo
(PON) network by building a Wavelengbivision Multiplexing (WDM) system an
implements the Dense Wavelength Division Multiptex{DWDM) network with Fibe
Bragg Grating (FBG). A laser beam is used as sodrhe input is allocated to :
channels at different wavelength. For modulatidmgg@Modulation (PM) technique
used. The modulated signal is transmitted to trstirion through a Single Mot
Fiber (SMF).The distance between the source antindéen is 50km. The signal

amplified using Erbium Doped Fiber Amplifier (EDFAYhe amlified signal is
forwarded to demultiplexer. 16 FBG are placed imuétiplexer subsystem. The FE
reflects a particular signal and transmits it te fhoto detector. The refracted sigr
from the FBG will be forwarded to other FBGs. Tlgnsls from tle photo detector is
analyzed for various parameters like Bit Error REB&ER), Quality factor and ey
diagram. The simulation software used in this pép@ptisystem version 7

INTRODUCTION

This paperpresents the idea of implementing the DWDM netwaith FBG in WDM based on softwa
simulation Aulakh, N.S. and R.S. Kaler, 2C). Optisystem software is usédl simulate the syste and various
performance parameters such as BER, quality factdreyediagram is analyzedVDM based PON give highi
capacity compared to previol®M standard UDWDM scheme increases the netw( capacity and it meet
the ever increasing demand for high capacity opfioks. In this paper theapplication of a FBG bast
demultiplexerin UDWDM PON Erdogen, T., 199) is implementedThe theoretical desigand simulation of a
FBG DEMUX of each wavelength chanr andis demultiplexed using the reflection of a singlBG= The
proposed design is simpler, compact and more dbsttige than the previously proposed FBG DEMI
designs.in the UDWDM based PONSs, the FBGs are used to sitauthe data rates of 40Gbpswavelength
spacing of 30GHz and 10km to 50llength of optical fiber (Giles, C.R., 1996). Theality factorand spectral
response®f the DEMUX ports areanalyzed. Thel6 port Continuous Wave (CW) laser array with stgr
frequency of 193.1THz with a frequency spacing @681z is considered as sourde. the 50kmof SMF, the
multiplexed wavelengths are launc.

The successive wavelengthreflects by each FBG in the DEMUX fri the multiplexed signeand it is
given to the output portlgng, D.K et al., 1996).This eliminates the need to fabricate a seriesratirgys for
each channel which is shown ig.fiL
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Fig. 1: System design

The Pseudo Random Binary Sequence generator (PgB8)ates a binary sequence which is coded
NRZ pulse generator and modulators the incomingelength using a MZM with a extinction ratio
40dB.The wavelength is then superimposed by thessidd carrier wave of frequency 40GHz. The ph
angle of 90 degrees using another MZM with an extinctiooraf 40dB. The FBGs used ihe demultiplexer
are of length 95mmrhe modulation is done using PM with a phase dmeviadf 90 degrees. The outpuom
each of these subsystems is fed into a WDM MUXeAfhis the signal is allowed pass through SMF tvlix
designed to carry light only in the uniform directiwithout any losses in the signal. This signapassec
through EDFA where it gets amplifi. The amplified signal is passed through DEMUX. Is H® subsysten
and each subsystem has separate FBG with theate frequency. When th&gnals pas through FBG it
reflects particular frequency and transmits theai@mg signals to another subsym. The reflected signal
forwarded to photo detectors which are used inr¢ieeiver side to detect the incoming signals. Theégeals
are then analyzed and their characteristics sut¢heaBER, Q factor, and also eye diagram propt which is
shown in Fig.2
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= O -
= =

ANALYSIS OF
16CHANNELS QUALITY
FACTOR,
RECEIVER EYEDIAGRAM
SUBSYSTEM

Fig. 2: Block diagram of proposed syst

Methodology:

In the NRZ modulation format, the intensity of terier signal pulse is modulated by the appliedteical
signal having a varying voltage. The MZM modulas driven at the quadrature point aihe transfer function
of modulator power with an electrical NRZ signal. kngral,due to the oroff switchesthe NRZ signal retains
a narrow optical spectrum

There are opposite effect low parameters of Int-Symbol Interference (ISI) and dispersion on
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narrow spectruniThe binary sequencgenerated by the PRBS andsitcoded by the NRZ pulse generator
modulates the incoming wavelength with an extinttiata rate of 40c using a MZMwhich is shown in ig.3

PRBS NRZ
* GENERATOR
LASER | MZM

'| MODULATOR

Fig. 3: Block diagram of transmitter subsysi

A. Transmitter Components:

The transmitter system contains importecomponentssuch as the modulation and si¢ pattern
generating. The transforming dfgital data stream in sequence of dgint pulses known as modulati The
modulators are used to convert the data into seguehpulse. A bit sequencés generated by the PREIn an
order mode and is coded by the NRZulse generator. The incoming wavelengthmodulatesusing MZM
with an extinction ratio of 40db.

The sinusoidal carrier wave of frequency 40GHz ahdsp angle 0-90 degreesis superimposed the
wavelengthusing another MZM with same extinctiratio. ThePM with a phase deviation ©0 degrees is
used for the modulation. Thoptica time domain visualization is analyzed the outmgl@own in lig.4

Subsystem: Ext. od [ lraton: 11

g
| Optical Spectrum Anafyzer |

0. "

NRZ Puse Gerertr |

PRES 1
B ate = Bil afe il

Optical Time Domain Visuaiier_3 .
Tt g Arlyie, 2
i

1 -

L Ogtical Time Domain Visual
=) =)
= \:T:“ M
MachZehnder Moduiator — Mach-Zefnder Modul

i

Optical Spectrum Analyzer 2

E_

E

Fig. 4: Transmitter subsystem des

In the two modulation techniques, the data rat&eist constant and each moction format effect is
separately analyd. The above figure illustrates the diagram oftthe modulation format global paramet
declared throughout the transmitt

The various components used in the system of WDIWard ther ar:

» CW laser

* RBS

» Pulse generator
s MzZM
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The continous laser source is produce from the @wérl and the binary sequence is randomly generate

using the pseudo random binary sequence. The pelserator is used to generate the line coding oZ NR
pulse.The electrical signal which is produced fritwe PRBS is modulated using the MZM. The signal iogm
from the binary sequence generator is then passe&¥ generator, from this generator it passeaigidvZM
and modulates the signal.

B. CWLaser:

The system of PONs WDM basically consists of tHe¥ing main parts. The first part is the light so&
of the whole system to provide energy in orderams$mit light through the optical fiber. In optiddlers, one
of the key components for the communication to taleee is the monochromatic light source. Therefewe
characteristics which govern the use of the optight sources for the optical fibers.

Among these characteristics include the duratiothefuse of certain light source its stability, gantness
and the monochromatic feature. It is usually hargjet merely monochromatic light source in pradtidhe
stability issue in the light source is to mainta@ionstant intensity level regardless of the varrsiof the
temperature and time and steady wavelength as well.

There are mainly two types of light source:

» CW light source

* Modulated light source

In this paper CW light source is used. The contirsulight source continuously emits light and it albu
needs external modulator at its outputs. The setgmel which is the modulated light source emits uiatd
light that does not need external modulator as shavig.5

CW Laser Array Properties =
sbet [CW Laser Anay Cous: 0.00 oK.
et 1 f ' 1 ' Cancel
rll}'llfld!Frequency Power | Polariza Simula. Noise | Random. 1
Disp| Name Value [ units Evaluate
[~ | Mumber of output ports 76 Scipt
L [Uinewidth 0 AR
[~ |Initial phase 0 deg

Save As.

Securty...

Fig. 5: CW laser properties

Fig.6 shows the laser properties of the system. [Aker source is splitted into 16 output ports Tér
channels. The various parameters of the laser armfrequency, power and wavelength.

CW Laser Array Properties
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Fig. 6: CW laser properties - Frequency

The frequency for each receiver subsystem statts 1#83.1THz.The frequency range used for the system

between 193.1THz to 193.475THz and this frequenanyge is splitted into 16 channels can be dealh wit
different frequency range. Fig.7 shows the wavdlemgoperty of the CW laser. The range of the wavglth
used in the system is 1549-1552 nm. The wavelesgtivided into 16 parts for all the channels.
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Fig. 7: CW laser propertiesWavelengtl

Another important parameter of the laser propestpower. Power is shared for all the output parte
power used for the system is 0.1W for all 16 channels. Fig.8xplains the power measurement propert
the laser system.

M
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Fig. 8: CW laser properties Powe

C. NRZ Generator:

The signal coming fromhe binary sequence generatc passed to NRZ generator. [9 represents the
NZR parameters of the system

The parameters of NRZ of the system
* Bitrate

e Sampling rate

e Sequence length

*  Number of samples
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Fig. 9: NRZ parameters

The modulation components undergo various stage®dilation. At first, the data rate is generatgdhe
binary sequence generator. The type of binary sesugenerator used in this system is PRBS geneftp®
represents the parameters of NRZ produce by PRB& gor.

The parameters are bit rate, sampling rate, seguiemgth and number of samples. The bit rate used i
40GBPS.sampling rate of the generated signal idG8%. The sequence length of the signal is 64 bits.

D. Receiver:

The WDM demultiplexer receiver receives the signaim EDFA and each demultiplexer has separate 16
channels. The major components of receiver are

» DEMUX

* Photo detector

* BER analyzer

E. Demux:

Each channel receiver’'s subsystem has demultipl&tex amplified signal is given to the demultiplexe
The DEMUX is internally design with FBG. The FBGcedves the signal and it reflects selected frequenc
refracts the remaining signal to another FBG.

Ap=mp2n,prA 1)
where,
g is the Bragg equation reflected by the grating
ness is the effective refractive index of the optidéder
core
A is the period of the grating

The FBGs described in this method by Gaussian aadratic equation.

A@)=exp{-4[(Z ~ L/} (2)
A(Z)=A, Z;%A;A« A, 3)
where,

z is the Gaussian function which is used to meas$arelistance along the fiber axis

L is the grating length

A is the quadratic parameter

A, is the grating period at the centre (Z=0) of thatigg.

The insertion loss of this demultiplexer is assurtele 2 dB. This is chooses the same reason amhin
transmitter side. The output of this demultiplei®rl6 channels with the different frequencies.1658Bare
placed in de-multiplexer subsystem.

The FBG reflects the particular signal and transrtot the photo detector. The refracted signal ftben
FBG will be forwarded to other FBG and the 16 slgar@ selected by reflection of the FBGs. Eachhef 16
channels is connected to specific spectrum anatgzeompare the transmission of these channekscieiver as
shown in Fig.10
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Fig. 10: Subsystem of DEMUX at receiver side

The Fig.10 represents the subsystem of DEMUX. IMDEX, FBG is used to extract the particular signal
and the selected signal is forwarded to photo tmteAt first the photo detector is used to deteetincoming
signal. Each of the 16 channels are connected ¢otgpn analyzer individually to compare the sucitgss
transmission of all channels.
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Fig. 11: Photo detector with BER analyzer
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The cut-off frequency at the receiver for each clehris 0.75 bit rate in Hz. The BER analyzer has
minimum effects on the system simulation but thalityi factor as improved. Fig.11 shows the photted®r
of the system and BER analyzer.

F. Optical Transmission Using SMF:

A 50 km of SMF is used in this system. In thistalice, without the need of amplifiers and repedtezs
fiber optic link can be used directly. The mainatiijve is to analyze the performance of the simdiannel
system of input power for different modulation f@i® To achieve this, it needs to sweep a rangapaft
power levels and, simultaneously, a range of lenfiiththe transmission fibers. This is done by gshe sweep
mode for the lengths of both transmission fibershia cell and for the amplifier gains. This numisan be
increased if a finer grid is needed. However thaltoomputation time will be increased. The lengtfishe
transmission fiber SMF are chosen in such a way ttie dispersion compensation scheme ranges frem pr
compensation to post- compensation.

Various parameters of SMF for the distance of 50kanalyzed. The different properties are

» Dispersion

» Polarization Mode Dispersion (PMD)
* Nonlinearity

*  Numerical aperture

* Noise
SMF Properties
Label [SHF Costt 000

. " " = Cancel
\Maln lewsp . | PMD | Menl..  Num.. | Gr. Simu.. | Noise | Rand.. }
Disp Name Value Units Mode

User defined reference w I Normal

Reference wavelength 1550 ; nm Normal
v |Length 50 ; km Normal
[ | Attenuation effect [ Normal
[~ | Attenuation data type Constant Normal
[ | Attenuation 0.2 ; 0Bkm Normal
[~ | Attenuation vs. wavelengt| Attenuation oat = Normal

Load...

Save hs.

1l

Security...

Fig. 12: SMF properties for 50 km

G. EDFA:
This EDFA amplifies the weak signal after 50km. TBBFA used has a gain of 80dB. The power and
saturation power of the system is 10dBm.

EDFA Properties
Labek [EDFA Costs:| 000
y Cancel
\Po\arizat\on Simulation | Moise | Random numbers }
Disp Name Value Units Mode Eva\l_;ate
[~ |Operation mode Gain Control MNormal Scipt
¥ |Gain 80d8 Normal
[ |Power 10 idBm Normal
[~ | Saturation power 10 : dBm
[ | Saturation port Output Normal
[~ |Include noise r Normal
v |Noise figure 6idB Normal
Load...
Save ds..
Security...

Fig. 13: shows the EDFA properties of the system.

Simulation And Result Analysis:
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In general, the WDM based passive optical netwgiiss higher capacity than time division multipldxe
(Kaneko, S., 2006). For this reason, certain d@parsolution must be taken in order to scope tithnegative
effect to the system performance. In this paper FB6 been introduced as the main solution to owegco
dispersion. Erbium doped fiber amplifier EDFA wésogproposed and also increases the data rate4(3bps
(Kogelnik, H., 1976). Compactly, the simulation getcontains transmitter, fiber and receiver. The MVD
transmitter encompasses a CW laser source, sigrdlllators and optical demultiplexer. The outputhaef CW
laser is connected to the demultiplexer. 16 chanaed coming out from this demultiplexer and ed@moels is
going to separate modulator. The transmission addamesigned by using SMF having the length dib®as
been proposed and frequency spacing is 30GHz. Omalsis transmitted through 16 channels each chame
separate transmitter subsystem and signal is mdufgss through multiplexer, From MUX the sigreah be
analyse by spectrum analyser and again signalthemsgh optical SMF having length of 50km once aghe
signal can be analyse in another spectrum analyer.signal get loss sometime so boost up the lsmig
EDFA is added before demultiplexer. In the receside, a demultiplexer receives the signal and eachiver
as separate subsystem the signal passes to the gétector. This analyzer visualizes and genemgiaghs is
taken on eye diagram, quality factor.

The overall system design which contains all conamts and links of WDM network with FBG. The
modulators are used to convert the data in to seruef pulses. The PRBS generates a binary sequérich
is coded by the NRZ pulse generator and modulaggntoming wavelength using a MZM with an dat i@t
40db.The wavelength is then superimposed by thessidal carrier wave of frequency 40GHz and phasgea
of -90 degrees using another MZM with an data cété0db.The modulation is done using a PM with aggh
deviation of 90 degree. The WDM demultiplexer rgeeireceives the signal from EDFA and each
demultiplexer has separate 16 channels. Each chaeoeiver's subsystem is internally design withG-B
(Mizrahi, V. et al., 1994). The FBG receives the signal and it réfleelected frequency, refracts the remaining
signal to another FBG .The WDM demultiplexer ateiger side is almost similar to the demultiplexéttae
transmitter side. The insertion loss of this deipléker is assumed to be 2 dB (Romero, R., 2008)s 5
chooses the same reason as the one in transniigerThe output of this demultiplexer is 16 chasngith the
frequencies is used. Finally, spectrum analyzeroisnected on each channel to detect the signalepiep
mainly the BER, the Q-factor and the also eye @diag(Stern, J.R., 1988). Each of the 16 channelsrisected
to specific spectrum analyzer to compare the trégsson of these channels. The output signal is from
multiplexer and the peak represents number of aflarand the power is -20dBm

Optical Spectrum Analyzer H
=
= Optical Spectrum Analyzer Sigred btz | =

wavelength

Units: |Hz -

v Autaratic range

Center:[1.53287e+014 Hz
Start: [1.92162+014  Hz
Stop: [1.944142+018 Hz

Amplitude

Units: | dBm -

¥ Automatic rangs

Max |-15.5633 dBm:
Min; |-104.021 dBm.

v Resolution B andwidth

=8 Fes |0.01000 o

183 T 194 T

Dbl Click On Objects to open properties. Move Objects with Mi Auto Set

20
I

IMl Nolse | Parameterized | Sampled
44‘0

Power (dBm)
40

-80
h

Frequency (Hz) I Invert Colors
Power J Power X_Jy Power ¥

Fig. 14: Signal from multiplexer

The output signal is from single mode fiber afték® and analysis the power in -40 dBm
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Fig. 15: Signal from SMF

The signal is from EDFA and it used to amplify theoming signals and gain of the output signalGdB.

Fig. 16: Signal from EDFA
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Fig. 17: Quality factor analysis fdrl™ channel

The maximum quality factor obtained for channel 1519.83162. The minimum BER is also calculated for
channel 3 is 3.95642e-023. Thus BER and qualitipfas calculated.
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Fig. 18: Eye diagram analysis for ¥hannel

The Fig.18 represents the eye diagram of chandknd it is used to analyse the height of the reckiv
signal is 228.826. The eye diagram can be calallagéwveen time period and quality factor.

Table 1: Analysis of different parameters

SI.No Channels Qualiy factor BER Eye
Diagram
1 11 9.83162 3.956X107%3 228.8
(bps) (a.u)
2 9 12.1447 2.789X10734 245.8
(bps) (a.u)
3 3 13.7587 2.011X07*3 (bps) 271.5
(a.u)

The table represents the analysis of quality fa®&R and eye diagram of channels 3,11and 13 clanne
The improved quality factor is considered.

Conclusion:

In the proposed system, DWDM technique is usedhihiels are divided at a frequency between 193.1to
193.4 THz the wavelength used for the channel®uarbetween 1549.51 to 1552.52 nm. The distanvecbet
the transception of the signal has been increas&® km. In order to amplify the loss of the sigdak to the
increment in the distance will be by an amplifiear this amplification EDFA is used. Initially thlgain of the
signal is 20db. After using EDFA, the gain of thepdified signal is 80dB.

The amplified signal is demultiplexed using FBGeTl6 channels that are observed using reflectidheof
FBG are analyzed for BER, quality factor and alge diagram. Spectrum slicing technique at the ielier
for the WDM system will be implemented. Also themher of channels increases up to 32. Wavelengtheof
signal will be spliced for the 32 different charsmdDue to this process the non-linearity and dsparwill be
caused. This type of dispersion will be avoided.
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