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Abstract: Nonlinear effects are the major degrading sources that occur in nonlinear optical materials such as photonic
switch, optical fiber cable. Such kind of interaction between waves causes interaction between channels. FWM (Four-
wave Mixing) is one of the major degrading factors in WDM (Wavelength Division Multiplexing)optical network
along with other fiber non-linearity. Due to which it is important to investigate the impact of FWM on the design and
performance of WDM optical network. In this paper, the effects of FWM with dispersion and polarization being
analyzed and simulated on OPTSIM. The simulation results of Input /Output spectrum gives the measure of non-linear
variation
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l. INTRODUCTION
WDM is widely used for optical communication networks at zero dispersion wavelength. FWM gives birth to new
and systems in order to being utilize the maximum waves of the frequency:
bandwidth available for transmission. The fiber non- f _—f 4+f _f
li . . ijk i j k
inearity results severe degradations on the performance of i
optical communication systems [1]. The non-linearity in For @ WDM system with N channels the number of four-
optical fibers falls into two categories such as: Inelastic Wave mixing products i.e.M will be given as:
stimulated scattering and Kerr effect. Stimulated YT 2

: e ted = 2 (N° - N?)

scatterings such as Raman and Brillouin are responsible 2
for intensity dep_endent losses or gains.It is being Here N is number of channels transmitted.
generated due to stimulated processes. Kerr effect happens
due to the change of the refractive index of the fiber with
the intensity of the transmitted signal, due to which the
signal suffers phase modulation. The nonlinear refractive
index is responsible for intensity dependent phase shift of
the optical signal[2].One major difference between
scattering effects and the Kerr effect is that stimulated
scattering have threshold power levels at which the
nonlinear effects manifest themselves while the Kerr effect
doesn’t have such a threshold. Self-Phase Modulation

Thus in FWM effect, three co-propagating waves(N=4)
produce nine new optical sideband waves(M=24) at
different frequencies. This new frequency falls in the
transmission window of the original frequencies that leads
to severe cross talk between the channels propagating
through an optical fiber[6]. Moreover, the degradation
becomes more severe for large number of WDM channels
having small channel spacing. Table 1 shows the
performance parameters of FWM.

(SPM), Cross-Phase Modulation (XPM) and Four Wave TABLE |
Mixing (FWM) are generated due to optical Kerr effect. PERFORMANCE PARAMETERS OF FWM
FWM is the major degrading factor in WDM optical Sr.No. Components Par":;nem Nl{,n;fureigal
communication systems [3].FWM is one of a broad class Attenuatio
of harmonic mixing or harmonic generation process, in 1 Optical noneach | 0.9515dB
which three or more waves combine to generate waves at a combiner output
different frequency that is the sum or difference of the Output
; ; 2 Booster Imw
signals that are mixed and generate a fourth EM wave Power
because of the fiber’s third order nonlinear susceptibility. 3 Optical Fiber Length 150KM
FWM is an intermodulation phenomenon in thenon-linear In Line Optical .

. - . 4 iy Gain 30dB
optics, where the interactions between two wavelengths Amplifier _
produce two extra wavelengths in the signal [4]. It is 5 Pre Amplifier Gain 30dB

similar to the existence of third-order intercept point in . Number
electrical systems. FWM is a weak effect, but it 6 | Polarizer of 1

accumulates, if the signals in the optical channels remain g)t?tlons

in phase with each other over long transmission distances. frgqirgr?ccj

Pulses transmitted over different optical channels, having Fiber Grating & 193.05THz
different wavelengths, they will stay in the same relative " | Compensator Reference | &1992.9264
positions along the length of the fiber because the signals wavelengt nm
experience near-zero dispersion [5].This further magnifies h
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1. FWM WITH DISPERSION

A model of WDM optical communication network for
dispersion is simulated using OPTSIM to illustrate the
non-linear variations in FWM as shown in Fig.1.In this
two WDM channel transmitter is required at the input side.
WDM transmitter is composed of following blocks: data
source, driver, laser source and amplitude modulator. The
output of transmitter is applied to the optical combiner
with attenuation on each output 0.91515dB. Then this
output is connected to the booster having output power of
4mW or 6.0206dBm.Booster is an optical amplifier fixed
output power device. This output of booster is connected
to optical splitter through which input optical spectrum
analyser is being connected. In the input spectrum analyser
number of spectrum points over the simulation are
3000.This splitter output goes to the fiber link which is of
150KM in length and length statistical variation is
0.0,thenthis output of fiber link is connected to fiber
grating compensator. In this ideal fiber grating
compensator is used which compensates the fiber
dispersion at each span. The output of fiber grating meets
with the In-line optical amplifier which is a fixed gain
amplifier. Gain for In-line optical amplifier is 30dB,then
this is further connected to optical fiber of length 150km
and ideal fiber grating compensator having reference
frequency of 193.05THz and reference wavelength of
1552.9264 nm which is further in connection with Pre-
amplifier of gain 30dB and optical splitter whose
attenuation of each output is 0.91515dB. This splitter
output is connected with output spectrum analyser which
has 1500 number of spectrum points over the simulation.

Tnput Spectrum
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Optical Booster Optical
_ Combiner [ | Spliter
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Optical Optical
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Cutput Spectrum
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Fig.1 Block Diagram of FWM with Dispersion

A model of WDM optical communication network for
polarization is simulated using OPTSIM to illustrate the
non-linear variations in FWM as shown in Fig.2.In this
two WDM channel transmitter is required at the input side.
WDM transmitter is composed of following blocks: data
source, driver, laser source and amplitude modulator.
Polarization rotator of having number of polarization=1
and 1st Rotation="Axis-S2” is applied at the output of the
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amplitude modulator. The output is applied to the optical
combiner with attenuation on each output is 0.91515dB.
Then this output is connected to the booster having output
power of 4.0mW or 6.0206dBm.Booster is an optical
amplifier fixed output power device. This output of
booster is connected to optical splitter through which input
optical spectrum analyser is being connected. In the input
spectrum analyser number of spectrum points over the
simulation is 3000.This splitter output goes to the fiber
link which is of 150KM in length this output of fiber link
is connected to fiber grating compensator. In this ideal
fiber grating compensator is used which compensates the
fiber dispersion at each span. The output of fiber grating
meets with the In-line Optical Amplifier which is a optical
amplifier of fixed gain. Gain for In-line optical amplifier is
30dB,then this is further connected to optical fiber of
length 150km and ideal fiber grating compensator having
reference frequency of 193.05THz and reference
wavelength of 1552.9264nm which is further in
connection with Pre-amplifier of gain 30dB and optical
splitter whose attenuation of each output is 0.91515dB.
This splitter output is connected with output spectrum
analyser which has 1500 number of spectrum points over
the simulation.
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Fig.2 Block Diagram of FWM with Polarization

1. SIMULATION RESULTS FOR FWM AND
DISPERSION

Two WDM channels are launched over two DS fiber spans
of 150KM, each Dispersion is completely compensated at
each span. The results are quoted in Fig.3(a), Fig.3(b) and
Fig.3(c). Fig. 3(a) shows optical power spectrum at the
fiber input in the range of 192.90THz to 193.20 THz.
Fig.3 (b) shows the optical power spectrum at the output
for different setting of dispersion in the range of
192.90THz to 193.20THz. The spectrum of the
superimposed signals of input spectrum and output
spectrum clears that FWM products decrease with
increasing dispersion in the range of 192.90THz to 193.90
THz as shown in Fig.3(c).
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Fig.3 (a) Input Optical Spectrurﬁ :
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V. SIMULATION RESULTS FOR FWM AND

POLARIZATION

Two WDM channels are launched over two DS fiber spans
of 150KMeach.The lasers representing the two channels
have the same initial polarization (along the x axis), but
polarization for one source is rotated around the S2 axis
and number of roation =1 through parametric runs. The
FWM products are maximized when the polarizations are
aligned and completely reduced to zero when the two
polarizations are orthogonal. The results are quoted in
Fig.4 (a), Fig.4 (b) and Fig.4 (c). Fig. 4(a) shows optical
power spectrum at the fiber input in the range of
192.90THz to 193.20THz and Fig. 4(b) shows the optical
power spectrum at the fiber output tin the range of 192.90
THz to 193.20THz. the spectrum of the superimposed
signal of input optical spectrum and output optical
spectrum makes clears that FWM products decrease with
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increasing polarization in the range of 192.90THz to
193.20THz as shown in Fig.4(c) but these variations are
very smaller as compared to that of dispersion.
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Fig.4(c) Superimposition of Optical Spectrums

www.ijarcce.com 6479



- International Journal of Advanced Research in Computer and Communication Engineering
LJARCCE Vol. 3, Issue 5, May 2014

V. CONCLUSION

This paper being simulated on the OPTSIM and gives the
variations caused by dispersion and polarization in FWM
system.FWM with dispersion causes larger scale
variations in FWM product as compared to FWM with
polarization when considering the same parameters. Hence
it is preferred to use FWM with polarization as it causes
lesser distortions and variations as compared to variations
observed on FWM with Dispersion.

REFERENCES

[1] Nahyan Al Mahmud, Bobby Barua “Effects of Four Wave Mixing
on an Optical WDM System by using Dispersion Shifted Fiber”
International Journal of Engineering and Technology, Vol.2 ,
No.7,Pages 1094-1186,July-2012.

[2] A. Kashyap , N. Kumar, P. Kaushil , “ XPM induced crosstalk in
SCM-WDM Passive Optical Networks,” International Journal of
Computer Applications, Vol. 51, No. 2,Pages 1-4,2012.

[3] Katrinis, K.M.; Tzanakaki, A. "On the Dimensioning of WDM
Optical Networks With Impairment-Aware Regeneration",
Networking, IEEE/ACM transactions on,Vol.19,No.3,Pages 735-
746,June 2011.

[4]  Stefano Binetti, Svetlana Chemiakina, Roberto Sabella “Impact of
Fiber Non-linearity in High Capacity WDM Systems and in Cross-
Connected Backbone = Networks”  Photonic ~ Network
Communications,Vol.3,No.3,Pages 237-243,January 2001.

[5] Amarpal Singh, Ajay K. Sharma, T.S. Kamal and Manju Bala
“Comparative Study Of FWM in WDM Optical Systems Using
OPTSIM and ANFIS” International Journal of Information and
Systems Science, Vol. 5,No.1, Pages 72-82,2009.

[6] Michael Eisel “Limits on WDM Systems Due to Four-Wave
Mixing: A Statistical Approach “Journal of Lightwave
Technology, Vol. 17, No. 11,Pages 2261-2267,Nov. 1999.

[71 A. R. Chraplyvy, “Limitations on lightwave communications
imposed by fiber optic nonlinearities”, Journal of Light wave
Technology, vol. 8, no. 10, pp. 1548-1557,1990.

Copyright to IJARCCE

www.ijarcce.com

ISSN (Online) : 2278-1021
ISSN (Print) : 2319-5940

6480



