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Abstract

Dispersion is widely existed in the optical fiber. The reason is various, such as material
dispersion, waveguide dispersion, mode dispersion, and so on. It will lead to the signal
waveform distortion and pulse broadening and then limit the transmission capacity and
bandwidth in the optical fiber. With the rapid development, transmission rate can reach even
hundreds of Gb/s, and it may lead to many problems. Correspondingly, compensation
methods have been paid much attention, and there are also many methods proposed for the
compensation. However, we should know the characteristics of the dispersion in order to get
compensation algorithms with much higher efficiency. Optical fiber systems with better
performance will be designed and manufactured. In this paper, appropriate methods are
adopted to analyze the photonic crystal fiber. With the adjusting of the structure parameters,
we can design a highly nonlinear photonic crystal fiber with different dispersion
characteristics. We study the characteristics of the dispersion of optical fiber communication.
According to the analysis to obtain the dispersion characteristics of optical fiber under
different parameters.
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1. Introduction

C With different frequencies of the signal transmitted in optical fiber and various model
components of the signal energy, signal waveform distortion and pulse broadening are called
dispersion due to the different group velocities in the transmission process. Fiber dispersion
limits the transmission capacity and transmission bandwidth of optical fiber [1-3]. From the
mechanism, fiber dispersion is divided into the material dispersion [4-6], waveguide
dispersion [7-9], and mode dispersion [10-13]. The first two kinds of dispersion are due to the
different frequencies, and the latter dispersion is due to the different modes.

In order to solve the dispersion on the distance and the rate of communication constraints,
it must know the characteristics of the dispersion compensation of optical fiber [14-18]. In
addition, with the rapid development of optical fiber telecommunication and dispersion
compensation scheme, the transmission rate of some high-speed system has reached dozens
or even hundreds of Gb/s. Then, the influence of polarization mode dispersion cannot be
ignored [19].

At present, there are many groups velocity dispersion compensation schemes have been
proposed, such as the post dispersion compensation technology, pre dispersion compensation
technology, dispersion compensation filter, high dispersion compensation fiber (DCF)
technology and optical soliton communication technology. The post dispersion compensation
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technique [20-22] is compensating pulse broadening induced by fiber dispersion in optical
signal receiving end through electronic technology. This method is often used for coherent
optical fiber communication system, and suitable for low code rate communication system. Its
transmission distance is just a few of the dispersion length. The pre dispersion compensation
technology mainly includes pre chirp technology, complete frequency modulation
technology, double binary coding technology, amplifier induced chirp and fiber induced chirp
technology. Any kind of pre dispersion compensation technology will produce positive end
chirp before get into the optical fiber in order to generate a positive chirp. Filter dispersion
compensation [23-25] is based on interference. However, relatively high loss and narrow
bandwidth is the limit for its application, and it is quite sensitive and relatively narrow
bandwidth of the input light.

In optical fiber transmission, signal transmission rates of different frequencies are
different, and there will be different time delay after the same transmission distance, which
will lead to different. The bigger time delay difference, the more seriously of the dispersion.
The specific performance is that the optical pulse has been broadening in the transmission
process in the optical fiber. So the dispersion is always measured with the group delay per
unit length.

The basic principle of dispersion compensation for the optical fiber transmission is offset
the dispersion by one or more large negative dispersion to compensate the accumulated
dispersion, and .then the total amount of dispersion of the system will be decreased. The most
conventional methods of dispersion compensation are: dispersion compensation fiber (DCF),
chirped fiber grating, electronic dispersion compensation technology, and so on.

As we know, compensation method has been paid much attention, and there are many
methods proposed for the compensation. However, we should know the characteristics of the
dispersion in order to get much higher efficient compensation algorithms. In this paper, we
study the characteristics of the dispersion of optical fiber communication. According to the
analysis to obtain the dispersion characteristics of optical fiber under different parameters.
The main contribution of the paper is analysis of the characteristics of dispersion. And the
remainder of the paper is shown as the following: The theoretical model is listed in section 2.
Simulation and results are shown in section 3. And the conclusion is described in section 4.

2. The Theoretical Model

Figure 1. Structure of the Photonic Crystal Fiber
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Figure 2. Photonic Crystal Fiber under Scanning Electron Microscopy

Figure 1 shows the structure of the photonic crystal fiber, and Figure 2 is a photograph of
the photonic crystal fiber under scanning electron microscopy.

Fiber cross section is with infinite periodic hexagonal two-dimensional photonic crystal
sequence and the center removing air holes to form the core. Characteristic equation of

cladding space of photonic crystal fiber can be described as follows:
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Where, . is the propagation constant; k is the optical wave vector; n. is the refractive
index of the fiber core; a.; is equivalent fiber core radius of photonic crystal fiber. If we
calculate the numerical solution, U will be equal toU(w) . Then, we can get:

o) = Jkn2(w) - U2(0) / 3 (10)

Where, the effective fiber cladding index can be determined with the formula described
before. Refraction index n.(w) of quartz material of the fiber core can be obtained by
Sellmeier equation. Due to the characteristic function including Bessel function, it falls into
the transcendental equations and numerical solution of 4. with wavelength (or frequency)
variation. In the paper, we will use Fourier series to fit the curve.

With the principle of waveguide, group velocity dispersion of the optical fiber D can be
described as:

_dr __ of 4
dA 27¢ dw?

In the formula described above, material dispersion, waveguide dispersion, and profile
dispersion are all included, total dispersion type of single mode optical fiber with the incident
light wavelength (or frequency) can be obtained according to the equation. Furthermore,
dispersion slope D of the optical fiber with wavelength can be obtained:

D

(11)

dD 1 dD
Dslope =, T T T 4 (12)
da A2 dwo

Relationship between waveguide normalized frequency V and wavelength can be
described as:

2
V = kJ(n2 — nZ)ae = 7”1/0130 — N2 A (13)

The value V can be used to initially determine the single mode propagation range of
optical fiber, and ifV < 21405, it can be thought that just fundamental mode can be
propagated in optical fiber.

For both scalar effective refractive index method and vector effective index method, a key
parameter in the simulation of optical fiber dispersion is the equivalent core radius a.; . There
are several different methods for the determination of equivalent core radius. For example,

& = A (14)
or
aeff = A -r (15)

Where, A is cladding air hole pitch, and R is the air hole radius. Determination methods as
the following have been also adopted:

aeff = A/ 2 (16)

When the finite element method is applied, the effective core radius is about0. 64A . With
different values ofd / A < 0. 43, the effective core radius is about0. 62A ~0. 63A. According
to the analogy between photonic crystal fiber and step index fiber and considering the
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consistency of the two single mode propagation conditions, effective radius of core fiber
should be 0. 625A. Above all the situations and combined with different details, a.; is set with

value of 0.64. And a.; = 0. 64is the base in the paper.
Define nonlinear coefficient:

y= 2 a7)
CAGst A Aey

Where, n2 = 2.76 x 107®m? /W, and it is the quartz nonlinear refractive index;
A;; is the effective area of basic model of optical fiber;

@, 1S the angular frequency;

cis the light velocity in vacuum; A is the wavelength;

A« Ccan be used as an indicator of the nonlinear characteristics, and small A will enhance
nonlinear effects.

[l oy |
e ooy

Where, E, is the transverse electric field vector, S is the cross section of the photonic
crystal fiber.

A = (18)

A« depends on two factors, refraction difference between the core and cladding rate
and the core size.

3. Simulation and Results
3.1. Dispersion Characteristics

Relationship between Ay, 7, d and A is shown in Figure.3 and Figure.4.
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Figure 3. Relationship between A, d and A
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Figure 4. Relationship betweeny, d and A
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Figure 7. Relationship between D and 4
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From the figures we can see, each d / A has a maximum value near A = 1. With the
increasing ofd / A, corresponding A of y,.. will decrease. This shows that the mode limits

ability of high nonlinear photonic crystal fiber is increased with the decrease of A . But when
the value is reduced to about 1 um, which is equivalent to the wavelength, mode field limit
ability will decline and result in decreasing of nonlinear coefficient. This means that
nonlinearity has a maximum value at about 1um for the determined structure parameter. For
different conditions, we can choose different structural parameters. And the nonlinear
coefficient of ordinary single-mode fiber is W= . km= , which indicates that the high
nonlinear photonic crystal fiber has strong nonlinear effects and it is the ideal nonlinear
material.

When keep the d / A as a constant and increasing the value of A, the first zero dispersion
point shifts to long wavelength, and bending degree of dispersion curve decreases. This
means the enhancement of the high nonlinear photonic crystal fiber mode field limiting
ability, then dispersion will decrease greatly. This characteristic can be used in the dispersion
compensation. When the A reduces to below 1.5 pum, the second zero dispersion point will
appear. With the decreasing of A the second zero dispersion point will move forward to long
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wavelength. Then, if adjust the A, the second zero dispersion point will move to an adjacent
area of wavelength with1550nm, and it will satisfy the requirement of a continuous spectrum
application.

When keep A as the constant and increasing the value ofd / A, the parameter D will
decrease, and the first zero dispersion point will move the long wavelength. When the second
zero point appears, second zero dispersion point will move the short wavelength. So we can
design different structural parameters to modify the dispersion characteristics of highly
nonlinear photonic crystal fiber to meet the demand of different applications.

3.2. The Effective Refractive Index

From Figure 9, for a certain air hole spacing and aperture ratio of the photonic crystal fiber,
the effective refractive index gradually decreases with the increase of wavelength. Under
certain distance between the holes, the effective refractive ratio of the optical fiber decreases
with the increasing of air hole diameter, which means the filling rate of air hole increases.
This means that the mode field of light wave with longer wavelength in fiber is much closer
to the air. It also shows photonic crystal fiber has low localization ability for the long
wavelength light wave. This is due to the light field tends to spread in the medium in the short
wavelength instead of air, and this will cause the decreasing of the effective refractive index
with the decreasing of the wavelength, which is good for the transmission of the optical fiber
with shorter wavelength.
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Figure 9. Effective Reflective Ratio when A=1.0 pm
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From Figurel0, with the increase of the distance between holes, the effective reflective
index of the cladding of the optical fiber increases. With the decreasing of A |, the effective
reflective index of the cladding decreases, and mode field will be much closer to the air when
the light wave is traveling in the optical fiber.

3.3. The Dyjepe Characteristics
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From Figure 11 and Figure 12, we can get some conclusions. Fiber of this series in the
optical communication has a relatively small slope at WDM bands, which shows the
characteristics of flattened dispersion.

When the fixed aperture ratio of and increasing distance between cladding air holes,
the zero point of dispersion slope Dy Will shift to longer wavelength. This is to say

that fiber dispersion flattened area will move to the long wavelength. From
corresponding wavelength of dispersion slope, we can get the results that the zero
dispersion point moves to the long wavelength according to keeping the distance of A
as constant, increasing the diameter of air hole, maintaining the aperture ratio as
constant, increasing the distance between air hole. That is to say that fiber dispersion
flattened region moves to longer wavelength. So, we can flexibly change the optical
fiber dispersion flatted region according to verify the structure.

4. Conclusions

A Dispersion is widely existed in the optical fiber and the reason is also various, such as
material dispersion, waveguide dispersion, mode dispersion, and so on. It will lead to the
signal waveform distortion and pulse broadening and then limit the transmission capacity and
transmission bandwidth in the optical fiber. With the rapid development, transmission rate
can reach dozens or even hundreds of Gb/s, and it may lead to many problems.

In order to solve the problem and improve the data transmission rate, we should first know
the characteristics of the dispersion in the optical fiber. Optical fiber systems with better
performance will be designed and produced.

In the paper, appropriate methods are adopted to analyze the nonlinear photonic crystal
fiber. With the adjusting of the structure parameters, we can design a highly nonlinear
photonic crystal fiber with different dispersion characteristics. The simulation and analysis
results can provide the theoretical basis for material selection and application for optical fiber
device.
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