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Abstract 

The nonlinearities occur in optical fibers where several high strength optical fields from different signal wavelengths are present 
in the fiber at the same time and when those fields interact with acoustic waves and molecular vibrations. Nonlinearity effects 
arose as optical fiber data rates, transmission lengths, number of wavelengths, and optical power levels increased. Various 
nonlinearities are self phase modulation (SPM), cross phase modulation (XPM), Stimulated Brillouin scattering (SBS) and 
stimulated Raman Scattering (SRS). This paper provides a review of various nonlinearities in optical networks and how they 
arise. The nonlinearities are responsible for mojor data loss in optical fiber communication and optimizations of modulating 
power, optical fiber length and amplification is necessary for effective optical network utilization. Fiber nonlinearities represent 
the fundamental limiting mechanisms to the amount of data that can be transmitted on a single optic fiber.   

Keywords: - SRS, XPM, SBS, FWM. 

1 INTRODUCTION 

Nonlinearity in optical fiber is caused due to high intensity of light in the core. There are two possibilities for the 
occurrence of nonlinear effects in optical fiber. They are due to inelastic scattering phenomenon or due to change in 
the refractive index of the medium related with intensity of light [1]. Nonlinear effects have their own advantages 
and disadvantages. These effect limit transmission capacity and can be overcome by using large core fibers, reverse 
dispersion fibers etc. Self- Phase modulation arises due to variation of refractive index of the fiber with intensity of 
the signal. An induced phase shift occurs due to these variations and thus, different part of the pulse undergo 
different phase shift and gives rise to chirping of the pulses. The chirping enhances the pulse broadening effect of 
chromatic dispersion. Cross- Phase modulation arises due to the variation of refractive index of the fiber not only 
depends on the intensity of the pulse but also on the intensity of other co- propagating optical pulses [5]. The 
fluctuations in the intensity of other pulses cause phase modulation of the pulse and it is called as XPM. Four waves 
mixing is an intermodulation phenomenon in non-linear optics, whereby interactions between two wavelengths 
produce two extra wavelengths in the signal. It is similar to the third-order intercept point in electrical systems. 
Four-wave mixing can be compared to the intermodulation distortion in standard electrical systems. In comparison 
to self and cross phase modulation, four wave mixing effect is independent of the bit rare of the system but is 
critically dependent on the channel spacing and chromatic dispersion of the fiber. Stimulated Raman scattering 
occurs when two or more optical signals at different wavelengths are injected into a fiber, the SRS causes optical 
power from lower wavelength channels to be transferred to the higher wavelength channels. Nonlinearity in optical 
fiber is caused due to high intensity of light in the core. There are two possibilities for the occurrence of nonlinear 
effects in optical fiber. They are due to inelastic scattering phenomenon or due to change in the refractive index of 
the the medium related with intensity of light. Nonlinear effects have their own advantages and disadvantages. 
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These effect limit transmission capacity and can be overcome by using large core fibers, reverse dispersion fibers 
etc. The response of any dielectric to light becomes nonlinear for intense electromagnetic fields, and optical fibers 
are no exception [3]. Even though silica is intrinsically not a highly nonlinear material, the waveguide geometry that 
confines light to a small cross section over long fiber lengths makes nonlinear effects quite important in the design 
of modern lightwave systems. 

                                                                 II RELATED SURVEY 

M. P. Mcgarry et al. [1] compiled and classified the research work conducted for Ethernet passive optical networks. 
OPN architectures and dynamic bandwidth allocation algorithms were examined which provided meaningful and 
insightful presentations of the prior work on EOPNs. They classified various branches of DBA which are: grant 
sizing, grant scheduling, and optical network unit queue scheduling. 

B. Scotney et al. [2] reported that hybrid optical and wireless technology integrations have been considered as one of 
the most promising candidates for the next generations broadband access network which provides the bandwidth 
advantages of the optical networks and mobility features of the wireless networks for subscriber stations and also 
brings economic efficiency to the network providers. 

G. Cincotti et al. [3] propose a hybrid wavelength division multiplexing/ optical code division multiple access 
passive optical networks, where asynchronous OCDMA traffic transmits over WDM network and can be one of the 
potential candidates for gigabit- symmetric services. In a cost- effective WDM/OCDMA network, a large scale 
multi-port encoder/decoder was employed in the central office and a low cost encoder/decoder was used in optical 
network unit. 

S. D. Dods et al. [4] presented a calculation method for bit- error rates and power penalties due to incoherent 
crosstalk from up to eight interferers of different powers, based on a truncated Taylor series approximation of the 
crosstalk contribution to the noise probability density function. Formulae are provided for bit-error rates and power 
penalties in both thermal and ASE limited systems. 

S. Sarkar et al. [5] described bit error rate and power penalty in a WDM receiver system in the presence of 
component crosstalk with finite interferers are studied using a simplified analysis and some optimum detection 
thresholds are suggested for minimum bit error rate. Error probabilities are calculated considering a unipolar bit-
stream of optical signals at the receiver input. Probability density function in the presence of crosstalk deviates from 
conventional Gaussian function. Effects of receiver noise, number of interfering channels and crosstalk levels on the 
receiver performance are shown. Optimum detection thresholds for minimum bit error rates in the WDM receiver in 
presence of component crosstalk are investigated and summarized. 

V. Saminandan et al. [6] described WDM all- optical networks in-band crosstalk is regarded as one of the major 
transmission impairments. In-band crosstalk usually arises when multiple signals at identical or adjacent 
wavelengths pass through an optical cross connect node. In-band crosstalk leads to increased receiver BER. This 
paper considers in- band crosstalk arising in a network which is equipped with wavelength converters. 

J. Xu et al. [7] discussed how In-band optical filtering effectively suppress carrier RB in the carrier- distributed 
WDM-OPN, with a demonstrated 19-db improvement in tolerance to carrier RB suppression. Error free transmission 
of 10-Gb/s upstream signal over 60-km SMF is achieved with less than 2.5-db power penalty by residual Rayleigh 
noise. 

C. Arellano et al. [8] described influence of the distribution element position and the reflective optical network unit 
(ONU) gain in wavelength division multiplexing passive optical networks are studied. It is determined that the best 
crosstalk-to-signal ratio is achieved if the multiplexer is placed either on the ONU or optical light transmission 
vicinity, and the ONU gain has a new optimum value depending on the position. 

F. Tian et al. [9] analyzed the transfer function of non-linear Raman crosstalk in fiber optic system is investigated 
both experimentally and analytically. When the channel separation is wide enough, the frequency response of the 
Raman crosstalk can be significantly changed by the effect of polarization mode dispersion. 
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A. Takada et al. [10] analyzed that carrier phase locked WDM system enables mitigation of the waveform distortion 
induced by nonlinear inter-channel crosstalk. Reduction of FWM-induced waveform distortion by controlling the 
phase relationship between neighboring channels and its cancellation by pre-compression is successfully 
demonstrated. 

B. Zhu et al. [11] studied that bends and fabrication variations qualitatively change the cross talk of a multi core 
fiber and skewing the cores enough to avoid phase matching when bends and fabrication variations are present. It is 
proposed that spinning the fiber significantly improves crosstalk with no sacrifice in nonlinearity, core density.  

Ajay K. Sharma et al. [12] represented the improved analysis for SRS and XPM induced crosstalk considering 
different parameters like modulation frequency, input optical power and transmission distance. The results show that 
the total crosstalk due to SRS and XPM in the presence of higher order dispersion increase with the decreases in 
walkoff parameter, increase in optical power, transmission length and modulation frequency. 

 

                        III NONLINEARITIES IN OPTICAL NETWORKS 
 
1. Stimulated Raman Scattering (SRS):- When two or more optical signals at different wavelengths are injected into 
a fiber, the SRS causes optical power from lower wavelength channels to be transferred to the higher wavelength 
channels.   

2 .Cross Phase Modulation (XPM):- The variation of refractive index of the fiber not only depends on the intensity 
of the pulse but also on the intensity of other co- propagating optical pulses. The fluctuations in the intensity of other 
pulses cause phase modulation of the pulse and it is called as XPM. 

3. Four Wave Mixing (FWM):- Four-wave mixing is an intermodulation phenomenon in non-linear optics, whereby 
interactions between two wavelengths produce two extra wavelengths in the signal. It is similar to the third-order 
intercept point in electrical systems. Four-wave mixing can be compared to the intermodulation distortion in 
standard electrical systems. In comparison to self and cross phase modulation, four wave mixing effect is 
independent of the bit rare of the system but is critically dependent on the channel spacing and chromatic dispersion 
of the fiber. 

4.  Self- Phase modulation (SPM):- It arises due to variation of refractive index of the fiber with intensity of the 
signal. An induced phase shift occurs due to these variations and thus, different part of the pulse undergo different 
phase shift and gives rise to chirping of the pulses. The chirping enhances the pulse broadening effect of chromatic 
dispersion. 

                                                                  IV DISPERSION 

Telecommunications service providers have to face continuously growing bandwidth demands in all networks areas, 
from long-haul to access. Because installing new communication links would require huge investments, 
telecommunications carriers prefer to increase the capacity of their existing fiber links by using dense wavelength-
division multiplexing (DWDM) systems and/or higher bit rates systems [7]. However, most of the installed optical 
fibers are old and exhibit physical characteristics that may limit their ability to transmit high-speed signals. The 
broadening of light pulses, called dispersion, is a critical factor limiting the quality of signal transmission over 
optical links. Dispersion is a consequence of the physical properties of the transmission medium. Single-mode 
fibers, used in high-speed optical networks, are subject to Chromatic Dispersion (CD) that causes pulse broadening 
depending on wavelength, and to Polarization Mode Dispersion (PMD) that causes pulse broadening depending on 
polarization. Excessive spreading will cause bits to “overflow” their intended time slots and overlap adjacent bits. 
The receiver may then have difficulty discerning and properly interpreting adjacent bits, increasing the Bit Error 
Rate [9]. To preserve the transmission quality, the maximum amount of time dispersion must be limited to a small 
proportion of the signal bit rate, typically 10% of the bit time. With optical networks moving from 2.5 Gbps to 10 
Gbps and onto 40 Gbps, the acceptable tolerance of dispersion is drastically reduced. For instance, the amount of 
acceptable chromatic dispersion decreases by a factor of 16 when moving from 2.5 to 10 Gbps, and by an additional 
factor of 16 moving from 10 to 40 Gbps. These tight tolerances of high-speed networks mean that every possible 
source of pulse spreading should be addressed. Operating companies need to measure the dispersion of their 
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networks to assess the possibility of upgrading them to higher transmission speeds, or to evaluate the need for 
compensation. 

Chromatic Dispersion: - Light within a medium travels at a slower speed than in vacuum. The speed at which light 
travels is determined by the medium’s refractive index. In an ideal situation, the refractive index would not depend 
on the wavelength of the light. Since this is not the case, different wavelengths travel at different speeds within an 
optical fiber. 

 

                                                                     Figure 1: CD in single-mode fiber 

V CONCLUSION 

The paper presents review of various optical fiber nonlinearities in optical networks, the effect of increased 
nonlinearities can cause data loss during transmission. In wavelength- division- multiplexing (WDM) systems, 
Interchannel interference due to fiber non linearities may limit the system performance. The study of non linearities 
and their effects provides methods of reducing them and increase the system performance, by optimal usage of 
modulation power, optical fiber length and choosing the right amplifier and network topologies. 
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