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Abstract- This study has been conducted on the 

nonlinearity phenomenon in wavelength division 

multiplexer systems which causing some serious 

problems such as degradation the performance of optical 

communications systems. The nonlinearity effects arise 

from intensity-dependent upon the variation in refractive 

index and dispersion in optical fibers. This produces 

some effects such as Cross Phase modulation (XPM), 

Self-phase Modulation (SPM), Four Waves Mixing 

(FWM), Stimulated Brillouin Scattering (SBS) and 

stimulated Raman scattering (SRS). The essential 

objective of this study is analyzing the effect of FWM in 

optical communication performance at different values of 

refractive area and dispersion. On the other hand, 4-

channel WDM simulation has been carried out. The 

obtained results reveal the reduction of FWM and a 

further reduction can be achieved with increasing 

refractive area value with variable dispersion.  

Keywords: Optical Communication, Refractive area, 

Wavelength Division Multiplexing system, Four Wave 

Mixing 

1- INTRODUCTION 

Attenuation and dispersion are known as linear 

effects because they can be described by a linear 

relationship between the fields of the light waves at the 

input and output of the fiber. Apart from the linear 

effects, the fiber suffers from a number of nonlinear 

effects, that may distort and attenuate the optical signal 

or the most important of these effect are Self-Phase 

Modulation (SPM), Cross-Phase Modulation (XPM), 

Simulated Self Modulation (SSM), Simulated Briollouin 

Scattering (SBS), and Four-Wave Mixing (FWM). [1] 

These effects become important in long optical fiber 

links operated at high optical power levels. In WDM 

systems, SPM, SRS, SBS and FWM can cause crosstalk 

between optical channels. FWM is phenomenon in which 

interactions between two wavelengths produces two extra 

wavelengths in the signal due to the scattering of the 

incident photons. Four wave mixing (FWM) (also called 

four-photon mixing) is one of the major limiting factors 

in WDM optical fiber communication systems that use 

the low dispersion fiber or narrow channel spacing. 

Normally, multiple optical channels passing through the 

same fiber interact with each other very weakly. 

However, these weak interactions in glass can become 

significant over long fiber-transmission distances. FWM 

is due to changes in the refractive index with optical 

power called optical Kerr effect. [2] 

 

I- 2-   WAVELENGTH DIVISIONS MULTIPLEXING 

In Fiber-optic communication wavelength division 

multiplexing (WDM) is a technology of transmitting data 

from different sources over the same link at the same 

time whereby each data channel is carried on its own 

unique wavelength. This technique enables bidirectional 

communications over one strand of fiber, as well as 

multiplication of capacity. [3] 

Wavelength Division Multiplexing systems are 

divided in different wavelength patterns, conventional or 

coarse and dense WDM. Conventional WDM systems 

provide up to 16 channels in the 3rd transmission window 

(C-band) of silica fibers around 1550 nm. DWDM uses 

the same transmission window but with denser channel 

spacing. Channel plans vary, but a typical system would 
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use 40 channels at 100 GHz spacing or 80 channels with 

50 GHz spacing. Some technologies are capable of 25 

GHz spacing (sometimes called ultra-dense WDM). New 

amplification options (Raman amplification) enable the 

extension of the usable wavelengths to the L band, more 

or less doubling these numbers. A WDM system mainly 

consists of the following components: transmitter 

(consisting of laser source, data source and modulators), 

receivers (consisting of photodiodes and filters), optical 

combiners, optical splitters and optical fiber cable. A 

simple WDM system can be seen in Fig. 1. [4] 

 

 

 

 

 

Fig. 1.  WDM system 

 

3- FOUR WAVE MIXING 

 

Four waves mixing is a third order nonlinearity 

in silica fibers that is analogous to intermodulation 

distortion in electrical systems. When wavelength 

channel are located near the zero-dispersion point, three 

optical frequencies (fi, fj, fk) see Fig 2  will mixes to 

produce third intermodulation products fijk given by 

 

fijk = fi + fj − fk                   (1) 

 

When the new frequency falls in the transmission 

window of the original frequencies, it can cause severe 

crosstalk between the channels propagation through an 

optical fiber. Moreover, the degradation becomes very 

severe for large number of WDM channels with small 

channel spacing. 

 

 
Figure (2) Four wave Mixing in frequency domain 

 

The number of the side bands uses the FWM increases 

geometrically, and is given by 

  

            M = (
N3 − N2

2
)                                         (2) 

 

Where, N is the number of channels and M is the number 

of newly generated side bands. For example, eight 8- 

channels produces 224 side bands. The time averaged 

FWM power Pijk at the end of fiber due to interaction of 

channels at frequencies fi, fj and fk is given by [5] 

 

PFWM = η [
1024π6

n4λ2C3
] [Dχ3] [

Leff

Aeff
] PjPjPkexp(αL)        (3) 

 

When L is the fiber length; η is the FWM efficiency; n is 

the refractive index of the core; λ is the wavelength; c is 

the light velocity in free space; D is the degeneracy 

factor, whose values equal1,3 and 6 respectively for the 

causes fi = fj = fk,  fi = fj ≠ fk, fi ≠ fj ≠ fk; χ is the third 

order nonlinear susceptibility; α is the fiber attenuation 

coefficient; Aeff is the refractive area of the fiber core; Pi , 

Pj and Pk are the input pump powers launched into the 

fiber, Leff  is the effective fiber length given as: 

                          Leff =
1−exp (−αL)

α
                              (4) 

D is the fiber-chromatic dispersion value given by [6] 

                           Dc = − (
ωk

2

2πc
) (

d2β(ωk)

dω2
)                    (5) 

4- METHODOLOGY  

In this paper we have analyzed the effect of FWM 

products in Wavelength Division Multiplexing 

environment by varying the dispersion and refractive 

area. It observed that FWM component reduce to zero 
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use dispersion and refractive area increases. The 

simulation are carried out using Matlab determine the 

effect of FWM, The optical transmitter consists of 4-

channel WDM on-off keying modulation signal with 

100Km optical fiber length, 4-channel are used with 

waveform started at 1550µm having frequency capacity 

0.5 GHz. The simulation model was modified according 

to the related parameters or components for different 

types of simulation process as given below: 

  Effect of increase dispersion of the Fiber Optic 

 Effect of Increase Effective Area of the Fiber optic  

5- SIMULATION SETUP AND DISCRETIONS 

Wavelength dispersion is signal dispersion, which 

occurs primarily in single mode fiber. A significant 

amount of the light launched into the fiber is leaked into 

the cladding. This leaked amount is wavelength 

dependent and also influences the speed of propagation. 

High volume communication lines have carefully timed 

spacing between individual signals. Fortunately, 

wavelength dispersion can be minimized by careful 

designation of fiber refractive index. The dispersion 

parameter of the fiber optic in the simulation model was 

varied from 2ps/nm/km to 4ps/nm/km. This has been 

done in order to compare the results with different 

dispersion parameters and the power level of sources set 

at 0dBm. 

The effect of nonlinearity grows with intensity in 

fiber and the intensity is inversely proportional to area of 

the core. Since the power is not uniformly distributed 

within the cross-section of the fiber, it is reasonable to 

use effective cross-sectional area (Aeff). The effective 

area parameter of the fiber optic in the simulation model 

has been changed from 20 μm2 to 80 μm2, in order to 

compare the results with different effective area 

parameters as the power level of sources set at 0 dBm.. 

In order to compare the results with different area 

parameters, the Table (1) for parameters setting where 

shows the global parameters 

Table (1): parameter of the optical system 

Parameter Value 

Reference Frequency (nm)] 1550 

Channel Spacing [nm] 0.4 

Fiber Length [Km] 100 

Effective Area [um^2] 20,40,60,80 

Dispersion [ps/nm.km] 0,2,4 

Channel Spacing [nm] 0.4 

Attenuation (dB) 0.2 
 

6- RESULTS AND DISCUSSION 

In this paper, investigation has been done to analyze 

the effect of variation in WDM effective area and 

chromatic dispersion coefficient in the efficiency of 

FWM effect in optical wave division multiplexing 

systems using the Matlab software and represented the 

result graphical, where show the power density including 

FWM component for different values of dispersion, that 

due to increase in dispersion, the impairment due to four 

wave mixing decreases.  

The results obtained at the end of the fiber when the 

power level is set at 0 dBm and the dispersion is set at 0  

ps/nm/km as shown in Figure 3, was compared with the 

result obtained at the same power level and dispersion of 

2 ps/nm/km , 4 ps/nm/km, 6 ps/nm/km as shown in Fig 4, 

5, 6 these result show that the FWM products were 

reduced when the dispersion parameter is increased. It is 

important to mention that the dispersion parameter 

cannot be set at too high value because it does bring 

limitation in bandwidth in the WDM model. 

 

Figure (3) output of the fiber at dispersion 0 ps/nm.km 
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Fig. 4. Output of the fiber at dispersion 2 ps/nm.km 

 

 
Fig. 5.  Output of the fiber at dispersion 4 ps/nm.km 

 

 
Fig. 6. Output of the fiber at dispersion 6 ps/nm.km 

 

Simulation results with the use of the external modulated 

laser at effective Area of 20 μm2 are shown in Figure 7. 

Increasing the effective area decreases the four wave 

mixing power. Fig 6 shows output power is reducing to 

15 mw when effective area is set at 20 m2 is compared 

with the output power in Fig 10 is 60 mw when effective 

area is set at 80 m2. It is found that the increasing of the 

effective area can reduce the FWM effect. 

 

 

 

 

 

 

 

 

 

Fig. 7.  Output of the fiber at effective area 20 µm 

 

 

 

 

 

 

 

 

Fig. 8. Output of the fiber at effective area 40 µm 

 

 

 

 

 

 

 

 
 

Fig.  9. Output of the fiber at effective area 60 µm 

 

 

 

 

 

 

 

 

 

Fig. 10. Output of the fiber at effective area 80 µm 
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7- Conclusion  

The simulation results obtain have shown the 

spectral characteristics effects of the FWM component in 

WDM where the effect of FWM are decreased 

pronounced with increased the effective area and 

dispersion  
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