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/ Comparison The Propagation Loss of The Electromagnetic \
Waves Through Different Materials of Fiber
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Abstract

In optical communication, the propagation loss of the electromagnetic wave
depends on the type of fibers that will propagate in. The Bit Error Rate (BER)
which is the speed at which data or bits were transmitted is an important
parameter in fiber behavior. In this paper the comparison between propagation
loss which depends on the wavelength for free space & good conductor fiber. The
comparison for bit error rate (BER) which depends on dispersion, fiber length
and wavelength were found for different types of photonic crystal fibers. The
fiber materials selected in this paper were SCOTTE optical glass, OHARA optical
glass, & Fused Silica (Fused quartz) fibers glass. The chromatic dispersion (D (1))
will also be calculated by using ( MATLAB R2013a ) software and be compared
for three different photonic crystal fiber lengths used. As a result of this work and
according to the different materials the phosphate crown (PK), Barium, high
index (BAH) and the pure silica (SiO2) glass that used. The SCOTT Phosphate
crown (PK) fiber is better than other (BAH, SiO2) fibers in transmission with less

chromatic dispersion.

Keywords: the Phosphate crown (PK) crystal fiber, the Barium (BAH) glass fiber,
the pure silica SiO2 glass fiber, ( MATLAB R2013a ) software
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1-Theoretical Basics

Maxwell’s equations predict the propagation of electromagnetic energy away
from time-varying sources (current and charge) in the form of waves. The real
part of the propagation constant () is defined as the attenuation constant while
the imaginary part (y) is defined as the phase constant. The equations of a & vy
is:[1,2]

The relation between waveguide dispersion D_(4) and the effective refractive

index n_, of a guided mode in Photonic Crystal Fiber PCF is as Eq. (3) [3,4]:
Dz_ﬂxd]{”w)
e dX --3)
n,ﬂ{;{'}z ﬁ(‘;{'ﬂnm }
k, ceeea(4)

Where P is the propagation constant, »_ is the refractive index of any material
is chosen, k, is the wave number. In order to utilize the scaling transformation of
PCF, the chromatic dispersion D(A) of a PCF can be approximated by a sum of

waveguide dispersion and material dispersion[5]:

A)=D,(4)+T(4)D, (4
2| (4)+T(4)D,(4) )
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Where I'(4) is the confinemental factor in PCF, which is close to unity for most
particular PCFs. The material dispersion D, is decided by the material that used

in the PCF. For the case of SCHOTT —-PK (Phosphate crown), the material
dispersion can by directly derived from the Sellmeier formula:[5,6]

s 1.156107.4  015322% 0783614
(AT )=l + = ot 4
A -pposss X -00194 3 _140537 R ()]

For the Barium, high index (BAH) material the Sellmeier formula is:

. _JH 1.59034.4° . 0.13846454° . 1.219884°
i A -0.009327 A —0.042749 A —119.25177 oo

And for the Pure silica (SiO2) material the Sellmeier formula is:

. 0.696166300.4 0.407942600F 0897479400
A= l+— + — +—
4 -DD0467914826 A+ -0.135120631 X -97.9340025 (S)

1 e (9)

BER=————
4*D(A)*L*Aad

Where BER is the bite error rate, L is the fiber length, ~: is the spectral width
of the light source. An especially (MATLAB R2013a) package is designed to
evaluate these parameters through the simulation of equations

(1,2,3.4,5,6,7,8,9).[7.8,9]
2- Results and discussion

In this paper the propagation of electromagnetic wave through different
fibers is examined. The relation between the different wavelength range (1-2) pm
and chromatic dispersion of (PK), (BAH) & (SiO2) fibers is shown in figures (1, 4
& 7), that explain the behavior of chromatic dispersion for these three fibers. The
chromatic dispersion in The PK have very low dispersion than (BAH &SiO2)
fibers. The Bit Error Rate( BER) is calculated as the number of bits that were in

error, as a proportion of the total number of bits transmitted, or received, or
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processed over a given period of time. The numerical results are shown in tables
(1, 2 & 3). Bit error rate with chromatic dispersion for different crystal fiber
lengths shown in figure (2,5 8) so that the error at the 300km length will be less
than that of 100km length, because the relation between them is inversely
proportional. When compare the BER in PK, BAH & SiO2 fibers, the BER of
Si02 is less than that of PK, BAH fibers. The behavior of the BER and chromatic
dispersion and fiber length is shown in figures (3, 6 & 9) for PK, BAH and SiO2
fibers.
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Figure (1) The relation between phosphate crown (PK) fiber dispersion and
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Figure (2) The relation between dispersion and Bit error rate of phosphate crown

(PK) fiber
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the relation in 3-0 between chromatic dispersion and Bit emror rate and fiber length
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Figure (3) The relation in 3-D between chromatic dispersion and Bit error rate
and fiber length of phosphate crown (PK) fiber
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Figure (4) The relation between Barium high index (BAH) fiber dispersion and
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Figure (5) The relation between dispersion and Bit error rate of Barium high
index (BAH) fiber
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Figure (6) The relation in 3-D between chromatic dispersion and Bit error rate
and fiber length of Barium high index (BAH) fiber
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Figure (7)The relation between Pure silica (SiO2) fiber dispersion and wavelength
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Figure (8) The relation between dispersion and Bit error rate of pure silica (Si02)
fiber

3- Conclusion
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The propagation loss of the electromagnetic wave in free space is greater
than in good conductor fiber. Transmission capacity (bit error rate), of an optical
fiber is dependent upon dispersion characteristics of an optical fiber. This
parameter varies with wavelengths. A number of different fiber types have been
used such as ((Phosphate crown (PK), Barium high index (BAH) and pure silica
(Si02)). The transmission in FK, QK, SiO2 fibers were carried out with zero
dispersion at 1500nm, 1500nm, 1300nm respectively. the relation between BER &
fiber length (L) is inversely proportional i.e. when the fiber length increases the
BER will be decreases, that means the PK fiber is better than BAH and SiO2

fibers in transmission because it has low chromatic dispersion.

Table(1) Phosphate Crown (PK) material fiber with n=1.5253

BER(Tb/s BER(Gb/s BER(Gb/s
Wavelengt Chromatic km) at fiber | km) at fiber km) at fiber
h A(um) dispersion(ps/km.nm) | length=100k | length=200k | length=300k
m m m

1 -.0101 0.002 0.12 0.08
1.1 -0.0091 0.0004 0.21 0.14
1.2 -0.0035 0.0007 0.36 0.24
1.3 -0.0018 0.0014 0.7 0.47
1.4 -0.0006 0.0041 2.06 1.37
1.5 0.0002 0.0112 5.59 3.73
1.6 0.0011 0.0022 1.12 0.74
1.7 0.0013 0.0019 0.97 0.65
1.8 0.0016 0.0015 0.76 0.51
1.9 0.0019 0.0013 0.65 0.43
2 0.0021 0.0012 0.59 0.39
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Table(2) Barium, high index (BAH) material fiber with n=1.6342

BER(Tb/s BER(Tb/s BER(Thb/s
Wavelengt Chromatic km) at fiber | km) at fiber km) at fiber
h A(um) dispersion(ps/km.nm) | length=100k | length=200k | length=300k
m m m
1 -0.0212 0.0001 0.0001 0.000
1.1 -0.0129 0.0002 0.0001 0.0001
1.2 -0.0077 0.0003 0.0002 0.0001
1.3 -0.0043 0.0006 0.0003 0.0002
1.4 -0.0019 0.0011 0.0006 0.0004
1.5 -0.0003 0.0092 0.0046 0.0031
1.6 0.0015 0.0016 0.0008 0.0005
L7 0.0019 0.0013 0.0007 0.0004
1.8 0.0026 0.001 0.0005 0.0003
1.9 0.0031 0.0008 0.0004 0.0003
z 0.0035 0.0007 0.0004 0.0002
Table(3) Pure Silica (SiO2) material fiber with n=1.45
p BER(Gbh/s BER(GDb/s BER(Gb/s
Warcloogth | Saosstle km) ai fiber | km) aE fiber | km) aE fiber
Mum) | dispersion(ps/lm.nm) | 40— 100k | length—200kmn | Iength—300km
1 -0.0075 0.335 0.167 0.112
11 -0.0042 0.696 0.380 0.232
1.2 -0.0011 2.245 1.122 0.748
1.3 0.0005 4.57 2.289 1.526
1.4 0.0017 1.466 0.733 0.489
1.5 0.0025 0.981 0.49 0327
1.6 0.0035 0.714 0.357 0.238
1.7 0.0037 0.677 0.339 0.226
1.8 0.0041 0.609 0.305 0.203
1.9 0.0045 0.561 0.281 0.187
2 0.0047 0.531 0.266 0177
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