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Abstract 

In this paper various fiber non linearities are being discussed. Nonlinear effect on optical fiber restricts the 
communication link. Fiber non linerities such as SPM, CPM, FWM, SRM and SBS are present mainly in 
the optical fiber links. These optical nonlinearities can lead to interference, distortion, and excess 
attenuation of the optical signals, resulting in system degradations. So for the best performance of the 
systems these effects are to be mitigated. 
 
Keywords: Self Phase Modulation (SPM), Cross Phase Modulation (CPM), Four Wave Mixing (FWM), 
Stimulated Raman Scattering (SRM), Stimulated Brillouin Scattering(SBS) 
 

1. Introduction 

Nonlinear fiber optics concerns with the nonlinear optical phenomena occurring inside optical fibers. 
Although the field of nonlinear optics marked its beginning  1961, when a ruby laser was first used to 
generate the second-harmonic radiation inside a crystal [1], but  the use of optical fibers as  nonlinear 
mediums became feasible only after 1970 when  losses  in fibers were reduced to below 20 dB/km [2]. 
Stimulated Raman and Brillouin scatterings in single-mode fibers were  first studied as early as 1972 [3] 
and soon after that other nonlinear effects such as self- and cross phase modulation and four-wave mixing  
were studied [4]. Nonlinear fiber optics has continued to grow during the 1990s, perhaps even more 
dramatically than anticipated. This growth is provoked by several recent advances in light wave 
technology, the most important being the advent of high-capacity fiber-optic communication systems [5]. 
In such systems, the signal transmitted is amplified periodically by using optical amplifiers to compensate 
for fiber losses. As a result, over long distances, the nonlinear effects accumulate and the effective 
interaction length can surpass thousands of kilometers. Among other fiber systems in which nonlinear 
effects are becoming ever more important are mode locked fiber lasers, fiber Bragg gratings and distributed 
fiber amplifiers. It is impossible to review the entire nonlinearities in fiber in this paper however an attempt 
is made to focus on different fiber nonlinearities i.e. SPM, XPM, CPM, SRS, SBS.  
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2. Non Linearities in Optical Fiber 
 

2.1 Self Phase Modulation 
 Self phase modulation in an optical system is said to occur when the phase of a beam is modulated non- 
linearly by its own intensity. The portions of beam which carry high intensity have high refractive index 
compared to those having low intensities. The refractive index of core in an optical fiber is given by 
equation.  
 
 �= ∗�����                                                                                                                           (1)  
 
Where  
n0 = linear refractive index of core  
n2 = non linear refractive index  
P = optical power (in Watts)  
Aeff = effective area of core  
 
 Due to n2, a phase shift is produced, which is in proposition to the intensity of pulse. And  also due to non-
uniform distribution in the power along the pulse, there in non uniformity in intensity in spectral 
components.  This phase shift occurred changes the central frequency of the pulse and the difference is 
known as frequency chirp. As phase fluctuations are intensity dependent, so different parts of the fiber 
faces different phase shifts. Hence SPM broadens the optical spectrum non-linearly.  
As chirping phenomenon increases with increase in input power, SPM grows at high power levels. 
Furthermore, nowadays EDFA’s are employed to counter attack attenuations and amplify the signal, which 
increases optical power level and hence contribute to SPM. As can be seen from equation (1), the 
significance of SPM can be reduced by operating the systems at low power levels and by increasing the 
effective fiber core area.  
                                                                                
Applications  

• Solitons  
• Pulse Compression  
• Optically Tunable Delays 

 
2.2 Cross phase modulation  
The intensity dependence of refractive index leads to another nonlinear phenomenon known as cross-phase 
modulation (CPM). When two or more optical pulses propagate simultaneously, the cross-phase 
modulation is always accompanied by SPM and occurs because the nonlinear refractive index seen by an 
optical beam depends not only on the intensity of that beam but also on the intensity of the other co-
propagating beams [6,7]. In fact CPM converts power fluctuations in a particular wavelength channel to 
phase fluctuations in other co-propagating channels. The result of CPM may be asymmetric spectral 
broadening and distortion of the pulse shape. The nonlinear effects depend on ratio of light power to the 
cross sectional area of the fiber. If the first-order perturbation theory is applied to investigate how fiber 
modes are affected by the nonlinear   refractive index, it is found that the mode shape does not change but 
the propagation constant becomes power dependent. Theoretically, for a 100-channels system, CPM 
imposes a power limit of 0.1mW per channel. 
 
Applications  

• Optical Switching  
• Pulse Compression  
• Pulse Retiming  

 
2.3 Four-wave mixing  
The FWM process originates from third order nonlinear susceptibility χ3. If three optical fields with carrier 
frequencies ω1, ω2 and ω3, co-propagate inside the fiber simultaneously, (χ3) generates a fourth field with 
frequency ω4. In quantum-mechanical context, FWM occurs when photons from one or more waves are 
annihilated and new photons are created at different frequencies such that net energy and momentum are 
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conserved during the interaction. SPM and XPM are significant mainly for high bit rate systems, but the 
FWM effect is independent of the bit rate and is critically dependant on the channel spacing and fiber 
dispersion. Decreasing the channel spacing increases the four-wave mixing effect and so does decreasing 
the dispersion. In order to understand the FWM effect, that three EM waves propagating in a fiber generate 
new waves with frequencies. Four-wave mixing (FWM) is analogous to intermodulation distortion in 
electrical systems. The last term of polarization expression tells that FWM comes from frequency 
combinations like (ωp + ωq− ωr). 
 

                             
Fig.1. Mixing of two waves at frequency ω1 and ω2 

 
Figure .1.shows a simple example of mixing of two waves at frequency ω1 and ω2. When these waves 
mixed up, they generate sidebands at (2ω1−ω2) and (2ω2−ω1). Similarly, three co-propagating waves will 
create nine new optical sideband waves at frequencies. These sidebands travel along with original waves 
and will grow at the expense of signal-strength depletion. In general for N-wavelengths launched into fiber, 
the number of generated mixed products M is, M = N2/2.(N − 1) .The efficiency of FWM depends on fiber 
dispersion and the channel spacing. Since the dispersion varies with wavelength, the signal waves and the 
generated waves have different group velocities. This destroys the phase matching of interacting waves and 
lowers the efficiency of power transfer to newly generated frequencies. The higher the group velocity 
mismatch and wider the channel spacing, the lower the four-wave mixing. The curves show the frequency-
spacing range over which the FWM process is efficient for Efficiency of four wave mixing with respect to 
channel separation. It is clear that in conventional SMFs, frequencies with separations less than 20 GHz 
will mix efficiently. But for DSFs, FWM efficiencies are greater than 20% for separation up to 50 GHz. 
 
Applications  

• Squeezing 
• Wavelength Conversion 

 
2.4 Stimulated Raman Scattering 
If two or more signals at different wavelengths are injected into a fiber, SRS causes power to be transferred 
from the lower-wavelength channels to the higher-wavelength channels (see Fig.2). This coupling of 
energy from a lower-wavelength signal to a higher-wavelength signal is a fundamental effect that is also 
the basis of optical amplification and lasers. Raman scattering is a weak effect in comparison to Rayleigh 
scattering [8]. It occurs due to slight modulation of the refractive index through molecular vibration of 
material. A photon with energy hωp traveling through a material can excite a vibrational transition of the 
material forming optical phonon with energy hωv and a photon with slightly reduced energy hωs such that 
 
 hωs=hωp−hωv                                                                                                                                   (2) 
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Fig. 2. Showing Stokes Scattering Process. 
 
                                     

 
Fig.3. Showing Anti Stokes Process 

The scattered light with lower energy corresponds to Stokes scattering and with higher energy, one has 
anti-Stokes scattering phenomenon. In thermal equilibrium situation, because of greater population of the 
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ground state in comparison to vibrational state, the Stokes scattering dominates [9]. At low illumination 
levels, the spontaneous Raman scattering occurs because in this situation molecules contributing to the 
process are vibrating independently and hence scattered light is non-directional. But when the intensity 
level becomes high the molecules may be considered as an array of vibrating oscillators and the generated 
photons aligned in phase or behave coherently. This results in stimulated Raman scattering (SRS). 
 
Applications 

• Raman Amplifiers  
• Generation of new frequencies 

  
2.5 Stimulated Brillouin Scattering  
Brillouin scattering is a nonlinear process that can occur in optical fibers at large intensity. The large 
intensity produces compression (due to electric field also known as pump field) in core of fiber through the 
process known as electrostriction [10]. This phenomenon produces density-fluctuations in fiber medium. It 
increases the material disorder, which in turn modulates the linear refractive index of medium and results in 
an electrostrictive-nonlinearity [11]. The modulated refractive index behaves as an index grating, which is 
pump-induced. The scattering of pump light through Bragg diffraction by the pump induced index grating 
is called as Brillouin scattering. The disorder is time dependent so the scattered light is shifted (Brillouin 
shift) in frequency by the frequency of sound wave. For pulses shorter than 500 ps, there is no spatial 
overlap between the pulse and acoustic wave, which results in negligible electrostrictive nonlinearity 
[15].Quantum mechanically the Brillouin shift originates from the photon-phonon interaction, and 
associated Doppler displacement. In this interaction either a phonon is annihilated (Stokes process-positive 
Brillouin shift) or created (anti-stokes process-negative Brillouin shift).  
 
 Applications 

• Pipeline Buckling Detection  
• Fiber Sensors  
• Brillouin Fiber Amplifiers  
• Beam Combiner  
• Pulse Delaying and Advancement  

 
3 Conclusions 

In this paper various fiber non linearities are discussed along with its applications. We can see how these 
nonlinearities are generated in the optical systems and how they can be mitigated by employing proper 
selection of certain parameters. Also, some non-linearities have advantages and can be utilized in certain 
applications. However, these effects when present in the systems severely degrades system performance. 
They generate crosstalk, distortions and attenuations and reduces the power level of propagating signals .So 
a check must be kept on these non-linearities for maintaining better optical communication systems.  
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