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AbstractChromatic dispersion is a critical factor that limits the quality of transmitted optical signal in high speed fiber optic  communication systems. Chromatic dispersion occurs due to the propagation delay spread of different spectral compo-nents of the transmitted signal. This leads to the pulse broadening of transmitted signal. In order to operate the fiber optic communication system with a sufficiently low bit error rate and to minimize the performance degradation caused by pulse distortion and broadening, dispersion compensation is needed. The purpose of this project is to compensate the chromatic dispersion using fiber Bragg grating and optical phase conjugation techniques. Simulation results will be obtained using OPTSIM software version 5.3. Effect of chromatic dispersion in an optical fiber link was analyzed. Simulation using Fiber Bragg grating by varying its grating period and linear chirp coefficient was obtained.
1. Introduction 

Fiber optic communication is a method of transmitting 

information from one place to another by sending light 

through an optical �ber. �e light forms an electromagnetic 

carrier wave that is modulated to carry information [1]. 

�e process of communicating using �ber optics involves 

the following basic steps: Creating the optical signal using 

a transmitter, relaying the signal along the �ber, ensuring 

that the signal does not become too distorted or weak, and 

receiving the optical signal and converting it into an elec-

trical signal.

Dispersion characterizes optical �ber in terms of maxi-

mum transmission speed. When di�erent wavelengths of 

light pulses are launched into an optical �ber, these pulses 

will travelled at di�erent speeds due to the variation of 

refractive index with wavelength. �ese light waves tend to 

get spread out in time a�er traveling some distance in the 

optical �ber and this is continued throughout the length of 

the �ber. �is phenomenon of broadening of pulse width is 

called dispersion. �e pulse width gradually increases and 

peak power of impulse is reduced. Dispersion of the trans-

mitted optical signal causes distortion for both digital and 

analog transmission along optical �bers. Each pulse broad-

ens and overlap with its neighbors eventually becoming 

indistinguishable at the receiver input. �is e�ect is known 

as inter symbol interference.

Dispersion limits information capacity at high trans-

mission speeds. Dispersion reduces the e�ective bandwidth 

and at the same time it escalates the error rate due to an 

increasing inter symbol interference. In order to remove 

the spreading of optical pulses, the dispersion compensa-

tion is the most important feature required in optical �ber 

communication system.
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2. System Modeling

Chromatic dispersion occurs due to the propagation delay 

di�erences between the di�erent spectral components 

of the transmitted signal. �is causes broadening of each 

transmitted mode. �e delay di�erences may be caused by 

the dispersive properties of waveguide material (Material 

dispersion) and also guidance e�ects within the �ber struc-

ture (Waveguide dispersion).

Chromatic dispersion are of two types – Material 

Dispersion and Waveguide Dispersion.

Pulse broadening due to material dispersion results 

from the di�erent group velocities of the various spec-

tral components launched into the �ber from the optical 

source. It occurs when the phase velocity of a plane wave 

propagating in the dielectric medium varies non linearily 

with wavelength and a  material is said to exhibit material 

dispersion when the second di�erential of the refractive 

index with respect to wavelength is not zero [2]. �e pulse 

spread due to material dispersion may be obtained by con-

sidering the group delay  in the optical �ber which is the 

reciprocal of the group velocity  .

Waveguide dispersion depends upon the geometry of 

the �ber which con�nes the light into the core of an optical 

�ber. Due to the smaller diameter of the SMF it con�nes 

80% of the light into the core of the �ber while the remain-

ing 20% travels along the cladding with a speed faster than 

in the core and is lost but in multimode �ber due to the 

larger diameter almost all the power is con�ned to the core 

so waveguide dispersion mainly occurs in Single mode 

�ber. It is usually neglected during the operation of the 

optical �ber communication. 

Group velocity dispersion (GVD) causes the light pulses 

to spread in �bers, degrading signals over long distances. It 

causes a short pulse of light to spread in time as a result of 

di�erent frequency components of pulse travelling at dif-

ferent velocities. Group velocity dispersion can be reduced 

by producing solitons. Soliton refers to special kind of 

waves that can propagate undistorted over long distances 

and remain una�ected a�er collisions with each other.

Di�erent methods are used to compensate chromatic 

dispersion. Dispersion compensating �ber [3] (DCF) is 

one method used to compensate dispersion. It is a simple 

and reliable method. But DCF have high attenuation and 

high insertion loss [4]. Due to these disadvantages DCF is 

replaced by Fiber Bragg Grating (FBG) and Optical Phase 

Conjugator (OPC).

2.1 Proposed Method

Figure 1 shows the block diagram for compensating the 

dispersion using �ber Bragg grating [5] and optical phase 

conjugator. �e proposed method analyzed the e�ect of 

dispersion in the �ber optic link and then compensates the 

dispersion using �ber Bragg grating and optical phase con-

jugator. Finally comparing the eye diagrams and bit error 

rate of the two methods. 

2.2 Simulation layout

Figure 2 shows the simulation layout of Fiber Bragg Grating. 

�e transmitter section consists of a PRBS signal generator, 

electrical signal generator, laser source and Mach- zehnder 

modulator. �e PRBS signal generator generates a pseudo 

random binary sequence. �e electrical signal converts the 

logical input signal, a binary sequence of zeros and ones 

from PRBS generator into an electrical signal. �e laser 

source generates laser beam. �is model produces the 

optical signal output of one or more CW lasers. It is most 

commonly used in conjunction with the external modula-

tor model to encode a binary signal upon the CW source. 

�en it is fed into the modulator [6]. �en it is transmitted  

Figure 1. Block diagram using FBG and OPC.

Figure 2. Simulation layout to determine the dispersion in 

optical �ber.
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through the nonlinear �ber and is splitted by an optical 

splitter. Finally the two outputs are obtained at the receiver 

with and without using �ber Bragg grating. Results are 

obtained with �ber Bragg grating by varying its grating 

period and linear chirp coe�cient using eye  diagrams.

2.3 Simulation Results

From the Figure 4 we concluded that the eye diagram of 

input signal is12V. �e Figure 5 shows signal of transmit-

ting waves a�er through the �ber. �is shows the error 

signal is more compare to before transmitting through the 

�ber. �e Figure 6 shows Eye diagram obtained a�er trans-

mitting through FBG.  �e Figure 7 shows Eye diagrams 

obtained at di�erent grating periods with di�erent stages. 

�e �gure 8 shows Eye diagrams obtained at di�erent lin-

ear chirp coe�cients. 

From the Table 1, it is concluded that as the bit error 

rate decreases the dispersion also decreases.

Table 2 is concludes that as grating period decreases the 

dispersion decreases.

From the table 3 it is concluded that as linear chirp 

coe�cient increases the dispersion decreases.

3. Conclusion

Di�erent dispersion techniques in optical �ber communi-

cation system are studied. E�ect of dispersion in �ber optic 

link was analyzed using eye diagrams. We also studied the 

di�erent techniques used to compensate the chromatic  

Figure 3. Simulation Layout using Fiber Bragg Grating.

Figure 4. Eye diagram of Input signal.

Figure 5. Eye diagram of signal a�er transmitting through 

the �ber.

Figure 6. Eye diagram obtained a�er transmitting through 

FBG.

Table 1. Bit error rate of the signal before 
and a�er transmitting through the �ber
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Figure 8. Eye diagrams obtained at di�erent linear chirp 

coe�cients.

Table 3. �e bit error rate with without using 
grating at di�erent linear chirp coe�cient

Figure 7. Eye diagrams obtained at di�erent grating periods.

Table 2. �e bit error rate with and without 
using FBG by varying its grating period

dispersion. Simulation model for dispersion compensation 

using �ber Bragg grating is developed.  Bit error rate of sig-

nal before and a�er transmitting through the �ber Bragg 

grating was compared by varying its grating period and 

linear chirp coe�cient. 
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