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ABSTRACT

Optical fiber is a physical medium for optical communication system. It is offer high capacity,
very wide band and high data rate. There are two main problems in this physical medium that are
dispersion and power loss. The significant restriction in optical fiber system is the dispersion. The
dispersion affects the performance of the system and bit error rate. There are two types of
dispersion Intermodal and Intramodal. Intermodal occurs in multimode fiber only. Intramodal occur
in al type of fiber. The total dispersion in single mode fiber is the sum of material and waveguide
dispersion.

In this paper the effect of temperature variations on fiber dispersion is investigated. The
temperature variant is a vital factor which plays an effective role on activity of the communication
system especialy in environmenta of Irag and other Middle East country.

The Sellemeier Coefficients equation is derived for fixed and discrete temperature values. A
derivation for this equation to fit continues variation of temperature is done in this paper for optical
fiber. Depend on formula of dispersion, Sellemeier Coefficients equation and relation of refractive
index at any temperature derivation of propagation constant with normalized frequency for
waveguide dispersion is done.

The Temperature effect on total dispersion is modeled for most popular material used in
fabrication optical fiber, silica (SiO,), aluminosilicate (Al,SiOs) and vycor glass (96.4%Si0, ,3%
B,03, 0.5%Al1,03, 0.1% Miscellaneous Traces). Both single mode step index and graded index
fibers are considered. The results investigated by using MATLAB and Maple programs.

The refractive index temperature dependence for all three fiber types are fitted in to straight line.
The material dispersion and zero material dispersion "Ao" wavelengths have approximately linear
temperature dependence for al three fiber types. For wide range of increasing temperature [-100°C
to 100'C] SIO, and vycor glass fiber has less effect than for Aluminosilicate. The temperature
variation shows the step index fiber batter than graded index fiber. The SIO, is the best one of three
fiber types.
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INTRODUCION

Optical fiber is more preferred medium for high capacity communication systems.[ Michael 2002]
Due to the fast grow up of communication system. Due to low insertion loss, high flexibility in
spectral design and high data rate transmission many intensive studies done for applications in
optical communications.

Dispersion is the phenomenon in which the phase velocity of a wave depends on its frequency,
or when the group velocity depends on the frequency. Dispersion of the transmitted optical signal
causes distortion (broadening) of transmitted signal (pulses) along optical fibers.

There are two types of dispersion intermodal and interamodal. The intermodal dispersion results
from the propagation delay differences between modes within a multimode optical fiber. Intramodal
or chromatic dispersion occur in all fiber types and results from the finite spectral line width of the
optical source. Chromatic dispersion it is wavelength-dependent nature. Single mode fiber has only
intramodal mechanisms. The propagation delay differences between the different spectra
components of the transmitted signal may be caused by:

e Thedispersive properties of the fiber material (material dispersion; Dp,)
e The guidance effects within the fiber structure (waveguide dispersion D). .[Rostami
2007][ Jeong2009][ Michael2002]

Generdly two sources of Intramodal (or chromatic) dispersion: material dispersion and
waveguide dispersion.

e Materia dispersion comes from a frequency dependent on waveguide material.
Waveguide dispersion comes from a frequency dependent on waveguide geometric.
It is independent on materials from which it is constructed. .[Rostami
2007][ Jeong2009][ Tzong1995]

In 1982, most applications started converting from multimode to step index single-mode fibers
operating a 1300 nm. Today, a few applications are being planned for use with multimode fibers
and the systems operating wavelength has to move to 1550 nm. [DeBell1989]

Much research deal with dispersion, experimentally measured the refractive index and
dependent on temperature for calcium telluride by using liquid helium as a coolant. [DeBell 1989]
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modeled the chromatic dispersion in single mode fiber by using material dielectric function for
material dispersion and dependence of both propagation constant and normalized frequency on
wavelength. [Moustafal991] proposed a novel numerical approach for calculation of dispersion
coefficients of dual mode elliptical core fiber with arbitrary refractive index profile. [Kato2000]
measured refractive indices of several fused slica and cacium fluoride. [Guptal998]
experimentally study the change of chromatic dispersion of optical fiber with temperature by
demonstrated the empirical model of last reaches. [Hamp2002]. investigates imperialy the impact
of dispersion and dispersion slop on transmission performance including the effect of temperature
variation of fiber optic.[Vorbeck 2003] determine numerically the dispersion in optical fiber
modeled investigated by Vorbeck.[Chich-Chenge Chou 2003] derive chromatic dispersion slop
variation with temperature as a function of zero dispersion wavelength and chromatic dispersion
slop at zero dispersion wavelength.[Andre 2004] experimentally demonstrated a novel chromatic
dispersion monitoring techniques using frequency modulated and amplitude modulated pilot
tones.[Pual2006] use analytical method to compensated the chromatic dispersion in optical fiber by
management of optimum group velocity dispersion.[Rostami 2007] presents a modification of
interferometric method for measurement of optical fiber chromatic dispersion using Michelson
interferometer.[Peter ka 2008] modeled a new method to control free spectral range of long period
fiber grating.[Jeong2009] experimentally measure the temperature and pressure verses wavelength
in different éliptical core fiber.[Urbanczyk 2010]

Mathematical M odél

In the following, the equations of Sellmeier coefficients for the core refractive index are
described for three kinds of fiber glasses. SiOz, aluminosilicate (Al,SiOs), and vycor glasses. The
temperature dependence of these coefficients is determined. Material and waveguide dispersion
parameters are studied leading to the zero dispersion wavelengths, Ao, of the total dispersion
parameter. The temperature effect on A, is investigated. The result obtained for A, under different
temperature environments.

e Sdlemeier Coefficients

The core refractive index, n, as a function of the operating wavelength, A, is defined through the
Sellmeier equation which has the form: [.Li1989], [Paul 2006][ Guptal1989]

BA? D A2

n*=A+ +
A-C I -E

1)

Where:
A, B, C, D and E: are Sellmeier coefficients
A : isthe wavelength of optical signal (nm)
n: isthe refractive index of optical fiber core

The first and second terms represent, respectively, the contribution to refractive index due to
higher energy and lower energy gaps of electronic absorption, while the last term accounts for the
decrease in refractive index due to lattice absorption. The values of the Sellmeier coefficients are
listed (table (1)) in appendix and the relation of finding these coefficients at any temperature are
given by: .[ Matsuokal989]

dn
nT—nR+(T—R)(E) (2)
Where:
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T: 1sthe temperature In degree centigrade,
R: isthe room temperature,
n: and n; are the refractive indexes at T and room temperature, respectively

e Material Dispersion

Total dispersion of afiber is conventionally expressed as temporal broadening per unit length of
the fiber, per unit width of the light source used. This total dispersion caused by material and
structural properties of the fiber isin fact totally coupled. However, the total dispersion parameter,
DT, isexpressed A9 Chou2003][ Jeong2009][ . Bass 2002]

Dr=Mp +Wp (3)

Where:
Mp: material dispersion (ps/ nm.km)
Wp: waveguide dispersion (ps/ nm.km)

Materia dispersion manifests through the wavelength dependence of the refractive index, n(A),
by the following relation: [ Chou2003][ Jeong2009][ Hamp 2002][ Paul and Park2006]

A.d%n
MD(i):_?*diz (4)

Where:
M, : isthe material dispersion (ps/ nm.km)

A : isthe wavelength of optical signal (nm)
c: isthe free space speed of light.

e Waveguide Dispersion

The waveguide dispersion in optical fibers is given by: [Jeong2009][Hamp 2002][Paul and
Par k2006]

VZ dip
W, =- 5
° 2rcav ? ®)
Where:
Wp: Waveguide dispersion (ps/ nm.km)
V: isthe normalized frequency
B: isthe propagation constant.
c: isthe free space speed of light.
Now the normalized frequency “V “given by: [12]
2w =
\Y; :T.a.(n,f—n,f)2 (6)

Where:
n,: corerefractive index,
Np: cladding refractive index,
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a Isthe core radius (ptm)
A isthe wavelength of optical signal (hm)

For step-index fibers, the propagation constant, 3, is given by: [ .Rostami2007][ Paul and Park2006]

ve o 2]
ﬂ_IZAaZ_a_Z] )

Where:
B:is the propagation constant
a isthe coreradius (um),
A: istherelative refractive index difference between core and cladding
A=nn- Ny
V: isthe normalized frequency

While, for graded-index fibers, [ is given by: [Rostami2007][Paul and Park2006]

0.5
V 2 6V
ﬂ_IZAaz_a_Z] ®

Results and Discussion

The temperature dependent of refractive index (using equation (1)) simulated for the SiOz,
aluminosilicate (Al,SiOs), and vycor glasses which are used in fabrication of optical fiber, the
results shown in Figure (1). The refractive indices are calculated at 850nm wavelength and at
temperature ranged from 20°C to 100°C , the Sellmeier coefficients that used in ssmulation listed in
appendix and relation of founding Sellmeier coefficients at any temperature written in appendix.
The refractive index results are found to fit nicely into straight lines for the three material simulated.
Material dispersion is caculated for the three optical fiber glass types (SiOz2, aluminosilicate
(Al2SiOs), and vycor glasses) at 26'C using the temperature dependence of Sellmeier coefficients,
as shown in Figure (2). The zero materia dispersion wavelengths are 1.2734, 1.3929 and 1.2682
pum for SOz, auminosilicate (Al,SIOs) and vycor glass, respectively, and the dispersion
characteristics are approximately linear for the whole spectral region.

For awide range of temperature (-100°C to 100°C), the materia dispersion and the zero material
dispersion wavelength, Ao, has been calculated for the three optical fiber glass types. The obtained
results are shown in Figure (3), Figure (5) and Figure (6) for the S O2, aluminosilicate and vycor
glass, respectively. The material dispersion linearly related to temperature, and increases with
increase the wavelength for all three tested optical fiber material.

The zero materia dispersion wavelength (o) as a function of temperature (T "C) isdisplayed in
Figure (4) for SIO2. Interestingly, the temperature dependence is linear and dA,/dT=0.0242 nm/°C
for SIO2. This value has a fair agreement with the published experimental values 0.029+0.004
nm/°C and 0.031+ 0.004nm/°C for two dispersion shifted fibers within the experimental accuracy.
The values of dA,/dT are found to be 0.0223 nm/°C for vycor glasses. While the corresponding
values of d\,/dT are found to be 0.03 nm/°C for aluminosilicate (Al,SiOs).

Using the temperature dependent Sellmeier coefficients and the corresponding values of the V-
number, Waveguide Dispersion and Total Dispersion for Single mode step index fiber calculated at
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acore radius, a= 2 um , reative refractive index difference between core and cladding A = 0.005,
and temperature 26 °C.

The waveguide dispersion results of optical fiber (SiIO, material) are shown in Figure (7) and
material, waveguide and total dispersion shown in Figure (8). The waveguide dispersion results of
optical fiber (aluminosilicate (Al,SiOs)) are shown in Figure (9) and material, waveguide and total
dispersion shown in Figur e (10). The waveguide dispersion results of optical fiber (vycor glass) are
shown in Figure (11) and material, waveguide and total dispersion shown in Figure (12). The
waveguide dispersion results have line curved and shift of total dispersion from material dispersion.

For SIO; fiber material dispersion has (Ao = 1.2723 pm) and total dispersion has (Ado= 1.28 um),
aluminosilicate fiber, material dispersion has (Ao = 1.3925 um) and total dispersion (Ao = 1.397 um),
vycor glass fiber, material dispersion has (Ao=1.2675 pum) and total dispersion has (Ao = 1.275 pm).

The waveguide dispersion results has line curved and dlight shift of total dispersion from
material dispersion, since the value of waveguide dispersion be smaller than the material dispersion
the aluminosilicate (Al,SiOs) fiber give little different results from that given by SO, fiber and
vycor glassfiber.

Waveguide Dispersion and Total Dispersion for Single mode graded index fiber calculated at a core
radius, a = 2 ym, relative refractive index difference between core and cladding A = 0.0085, and
temperature 26 °C.

The waveguide dispersion results of optical fiber (SO, material) are shown in Figure (13) and
material, waveguide and total dispersion shown in Figure (14). The waveguide dispersion results of
optical fiber (aluminosilicate (Al,SiOs)) are shown in Figure (15) and material, waveguide and total
dispersion shown in Figur e (16). The waveguide dispersion results of optical fiber (vycor glass) are
shown in Figure (17) and material, waveguide and total dispersion shown in Figure (18). The
waveguide dispersion results have line curved and shift of total dispersion from material dispersion.
For SIO, fiber material dispersion has (Ao = 1.2723 pum) and total dispersion has (Ao = 1.285 um),
aluminosilicate fiber, material dispersion has (Ao = 1.3925 um) and total dispersion (Ao = 1.405 um),
vycor glass fiber, material dispersion has (Ao=1.2675 um) and total dispersion has (Ao= 1.28 um)

Thefirst and second derivative of refractive index is asfollow:

2BA° 2D 23
0.5| - 5 T,
dn _ (A*-C)° (A" -E)
di B2 D2 |©
A+ 5 +—
A*—-C A°-E

2B22 2DA3 ? 8B’ 2B2? 8D 8DA?
0.25 - 2 27 /42 03 - 2 3 /42 2t 2 3 /42 2
d°n xr-0° (£-B) @-0)° (-0 (-g° (r-p
dr B2 DR | B2 DR "
A+ 5 +— A+ 5 +—
A-C X -E A-C I -E

The first and second derivative of step index propagation constant equation done is as follow:
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The first and second derivative of graded index propagation constant equation is as follow:
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Conclusion:

The refractive index temperature dependence for all three fiber types are fitted in to straight line.
The material dispersion and zero material dispersion " Ao" wavelengths has approximately linear
temperature dependence for all three fiber types, SIO, and vycor fibers give nearly similar results
while Aluminosilicate give little difference one. For wide range of increasing temperature [-100°C
to 100°C] SiO, and vycor glass fiber has less effect than for Aluminosilicate, since the zero material
dispersion shifted by 0.01 for SiO, and vycor fiber while 0.025 for Aluminosilicate fiber.

The linearly shift the total dispersion zero wavelength. For large variation of temperature range
step index fiber batter than graded index fiber since for step index "Ao" affected by fiber core radius
and little affected by the relative refractive index difference between core and cladding " A" while
for graded index fiber "Ao" affected by fiber core radius and relative refractive index difference
between core and cladding " A". The SIO; is the best one of three fiber types. The aluminosilicate
(Al>,S1Os) fiber give different results from that given by SiO, fiber and vycor glass fiber.
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Table (1)
. Temp. Sellmeier coefficients
Materia (C) A B C D E
SO, 20 1.310723 | 0.7935797 1.0959659* 10° | 0.9237144 | 100

26 1.3121622 | 0.7925205 1.0996732*10° | 0.9116877 | 100
45.2 | 1.3066410 | 0.7994875 1.091946* 10” 0.9598566 | 100
471 | 1.3148367 | 0.8034391 1.1248041*10° | 0.9119589 | 100
Alumino-silicate 28 14136733 | 0.8503994 1.3249011*10° | 0.9044591 | 100
526 | 1.5205253 | 0.8556256 1.520523*10° 0.9092824 | 100
Vycor glass 28 1.2754213 | 0.8271916 1.0653107*10” | 0.9384236 | 100
526 | 1.3488048 | 0.7695233 1.1884981*10° | 0.946169 100
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