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------------------------------------------------------------------------------------------------------------------------------------------------------Abstract-Dispersion compensation is the
I.INTRODUCTION
most important feature required in optical fiber
The optimal design and application of optical
communication system because absence of it leads
fiber are very important to the transmission quality of
to pulse spreading that causes the output pulses to
optical fiber transmission system. Therefore, it is very
overlap. If an input pulse is caused to spread such
necessary
to
investigate
the
transmission
that the rate of change of the input exceeds the
characteristics of optical fiber. And the main goal of
dispersion limit of the fiber, the output data will
communication systems is to increase the
become indiscernible. The most commonly used
transmission distance. Loss and dispersion are the
dispersion
compensation
are
Dispersion
major factor that affect fiber-optical communication
compensation fiber (DCF) which compensates
being the high-capacity develops. The EDFA is the
dispersion at 1310nm and 1550 nm and Fiber
gigantic change happened in the fiber-optical
Bragg gratings (FBG) which
compensate
communication system , the loss is no longer the major
dispersion at wavelength around 1550nm. DCF
factor to restrict the fiber optical transmission. Since
techniques increase the total losses non-linear
EDFA works in 1550 nm wave band, the average
effects and costs of optical transmission system.
Single Mode Fiber (SMF) dispersion value in that wave
FBG helps in decreasing the cost of the system and
band is very big, about 15-20ps / (40 nm.km-1). It is
also have low insertion loss.
easy to see that the dispersion become the major
In this paper we briefly review the work on
factor that restricts long distance fiber-optic
dispersion compensating fibers (DCFs) in the last
communication. Dispersion is defined as because of
few years. Starting with the basic principle behind
the different frequency or mode of light pulse in fiber
DCF, its need for upgrading the 1310 nm optical
transmits at different rates, so that these frequency
fiber links is discussed. The latest trend in optical
components or models receive the fiber terminals at
communication has been to use dense wavelength
different time. It can cause in tolerable amounts of
division multiplexed (DWDM) systems in the gain
distortions that ultimately lead to errors. In singlewindow of an optical fiber amplifier. However,
mode fiber performance is primarily limited by
nonlinear effects like four wave mixing (FWM)
chromatic dispersion (also called group velocity
impose serious limitations. To overcome this
dispersion ), which occurs because the index of the
difficulty use of fibers with non-zero dispersion
glass varies slightly depending on the wavelength of
has been suggested. For long distance repeater
the light, and light from real optical transmitters
less transmission this dispersion will go on
necessarily has nonzero spectral width (due to
accumulating and will limit the number of bits one
modulation) . Polarization mode dispersion, another
can send at each wavelength. Properly designed
source of limitation, occurs because although the
dispersion compensating fibers can overcome this
single-mode fiber can sustain only one transverse
difficulty.
mode, it can carry this mode with two different
polarizations, and slight imperfections or distortions
Key word:-optical fibers, Dispersion in optical fiber,
in a fiber can alter the propagation velocities for the
Dispersion compensating fibers (DCF),DCF model
two polarizations. This phenomenon is called
birefringence.
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If the incident light has two polarization components,
due to refractive difference between the fast axis and
slow axis, the transmit rate of two polarization
components will be different. Because the randomness
of fiber birefringence changes, the group velocity of
different polarization direction is also random, this
will result in the output pulse broadening. The
influence of dispersion on system performance is also
reflected in the optical fiber nonlinear effects.
Dispersion increased the pulse shape distortion
caused by the self-phase modulation dispersion (SPM);
the other hand, dispersion in WDM systems can also
increase the cross-phase modulation, four-wave
mixing (FWM) and other nonlinear effects.
II.DISPERSION2. DSION
Dispersion is defined as pulse spreading in an
optical fiber. As a pulse of light propagates through a
fiber, elements such as numerical aperture, core
diameter, refractive index profile, wavelength, and
laser line width cause the pulse to broaden. Dispersion
increases along the fiber length. The overall effect of
dispersion on the performance of a fiber optic system
is known as Inter symbol Interference (ISI).Inter
symbol interference occurs when the pulse spreading
caused by dispersion causes the output pulses of a
system to overlap, rendering them undetectable.
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(a)Types of Dispersion
Dispersion is generally divided into three categories:
modal dispersion, chromatic dispersion and
Polarization mode dispersion

Figure 2: Types of Dispersion
2.1 Modal Dispersion
Modal dispersion is defined as pulse spreading
caused by the time delay between lower-order modes
and higher-order modes. Modal dispersion is
problematic in multimode fiber, causing bandwidth
limitation.

2.2 Chromatic Dispersion
Figure 3: Modal Dispersion in different fibers

Figure 1: Dispersion or pulse spreading in optical
fiber
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Chromatic Dispersion (CD) is pulse spreading due to
the fact that different wavelengths of light
Propagate at slightly different velocities through the
fiber because the index of refraction of glass fiber is a
wavelength-dependent
quantity;
different
wavelengths propagate at different velocities.
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Chromatic dispersion consists of two parts: material
dispersion and waveguide dispersion.
Material dispersion
.2. oIt is due to the wavelength dependency on the
index of refraction of glass i.e. refractive index of the
core varies as a function of wavelength.
OM DFigure 6: Polarization Mode Dispersion
Wave PENSATION TECHNIQUES
In order to remove the spreading of the optical or light
pulses, the dispersion compensation is the most
important feature required in optical fiber
communication system.
III.DISPERSION COMPENSATION SCHEME

Figure 4: Material Dispersion
Waveguide dispersion
2i It is due to the physical structure of the waveguide.
In a simple step-index profile fiber, waveguide
dispersion is not a major factor, but in fibers with
more complex index profiles, waveguide dispersion
can be more significant.
de Dispersion

2.3 P
Fde DFigure 5: Waveguide DispersioneWave
r
Polarization Mode Dispersion (PMD) occurs due to
birefringence along the length of the fiber that causes
different polarization modes to travel at different
speeds which will lead to rotation of polarization
orientation along the fiber.
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The most commonly employed techniques for
dispersion compensation are as follows:
msating Fibers (DCF)
DCF is a loop of fiber having negative dispersion equal
to the dispersion of the transmitting fiber. It can be
inserted at either beginning (pre-compensation
techniques) or end (post-compensation techniques)
between two optical amplifiers or mix compensation.
But it gives large footprint and insertion losses.
3.2 Electronic dispersion compensation (EDC)
Electronic equalization techniques are used in this
method. Since there is direct detection at the receiver,
linear distortions in the optical domain, e.g. chromatic
dispersion, are translated into non linear distortions
after optical-to-electrical conversion. It is due to this
reason that the concept of nonlinear cancellation and
nonlinear channel modeling is implemented. For this
mainly feed forward equalizer (FFE) and decision
feedback equalizers (DFE) structures are used. EDC
slows down the speed of communication since it slows
down the digital to analog conversion.
3.3 Fiber Bragg Grating (FBG)
Optical Fiber Bragg Grating (FBG) has recently
found a practical application in compensation of
Dispersion-broadening in long-haul communication. In
this, Chirped Fiber Grating (CFG) is preferred. CFG is a
small all-fiber passive device with low insertion loss
that is compatible with the transmission system and
CFG’s dispersion can be easily adjusted. CFG should be
located in-line for optimum results.
This is a preferred technique because of its advantages
including small footprint, low insertion loss,
dispersion slope compensation and negligible non-
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linear effects. But the architectures using FBG is
complex.
Digital filters using Digital Signal Processing (DSP)
can be used for compensating the chromatic
dispersion. They provide fixed as well as tunable
dispersion compensation for wavelength division
multiplexed system. Popularly used filter is lossless
all-pass optical filters for fiber dispersion
compensation, which can approximate any desired
phase response while maintaining a constant, unity
amplitude response.
Other filters used for dispersion compensation are
band pass filter, Gaussian filters, Super-Gaussian
filters, Butterworth filters and microwave photonic
filter .
4.TE SURVEY
The dispersion compensation system in the WDM:
The dispersion compensation system in the WDM is
studied in this paper. Based on optical transmission
equation, considering the various types of nonlinear
effects and the impact of EDF A( Erbium-doped Fiber
Amplifiers) , system simulation models are
established. According to relative position of DCF and
single-mode
fiber,
post-compensation,
precompensation, mix compensation is proposed. DCF
Pre-compensation
scheme
achieve
dispersion
compensation by place the DCF before a certain
conventional single-mode fiber, or after the optical
transmitter. Post -compensation scheme achieve
dispersion compensation by place the DCF after a
certain conventional single-mode fiber, or before the
optical transmitter. Mix compensation scheme is
consist of post compensation and pre-compensation
.Different location on the system will generate
different nonlinear effects. In order to improve overall
system performance and reduced as much as possible
the transmission performance influenced by the
dispersion, several dispersion compensation scheme
were proposed . The Simulation of three dispersion
compensation system is shown in Figure 7.

Figure 7:
techniques

Three

dispersion

compensation

IV.OBSERVATION
In optical fiber communication systems, only
optical signal to noise ratio (OSNR) could not
accurately measure the system performance,
especially in WDM systems. Typically, as a quality
factor, Q is a one of the important indicators to
measure the optical performance by which to
characterize the BER. Figure 9 display the influence of
input optical power on the performance of
transmission system.

Figure 8: Comparison of transmission power vs. Q
factor influence of three compensation system
From the figure 8 we can find that with the input
optical power increased to about 9dB, the Q factor
increases. When the input optical power approaches
16dB, the Q factor becomes the maximum. When the
input optical power is greater than 16dB the quality
factor decreased gradually and the error performance
is gradually degraded.
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