The 22° Iranian Conference on Optics & Photonics&
8™ Iranian Conference on Photonics Engincering and Technology L gy
26-28 January 2016, Yazd University ] % /U// :

otonies 5,
N 2<%,

Opt;

’{‘s ﬁ/f’

o jguolS diwgs b (65595 yuud (59 ©l)d5L Js g S5 oo 36
() MB 9 Ygs‘>3~*’) e ‘\6%«) 020 0w

. | )
J-’)"-’ cLi;.;.,lo U”)‘ JLoJ‘u.».s L}»)QJJ

S5 olS0lS a5 sl y5lid oaSiasle”

ol Gub g0 )0 (mbliiog mSII Zlgol HLAcS! asTul (B39 b .ol 0uds oolasw! Cu jgmols awgy b (595 d 51 o ol 50 —ouS>
L iliso slezgo Job g Lod (s ©1)59L 51 calisko (SLASS (g1l 4 ja500 (559 jd 5O (o Ll (FRIa— (g5 (B (o0 &) (AT IS
@ ool o o 395 Goe oy yeS (61510 ool 0uiS pdw SN b O )3gil aSly )l azss el 00l (g3l dds o 1381 o 5 31 oo lasul
Teo Job I3l 4 O35l Andls Ol pdl' (owy 2 (o 9 (o 9 Codo Cuded (B (S )0 Ol)09l Aty Ol ki pSU (o 2
Ca jgmolS diwgy b (gy98 pd 50 BT O il yd g (Socudly Sow (ol 50 .l ouls 410y oud Sl diges gl P g S o3 S

O35 JyS 1y o adad pilS 3 ylgi oo Ol )39l Auuild puuii b A Cowl sul asiio 9 ALLS oy

el gy by B ST uilS s (ke S (IS (Sl —o3ly oS

Influence of Temperature, Geometry and Density of Nanoparticles on Composite
Cladding Fiber

S.M. Seyyedi', A. Rostami? and Gh. Rostami®

'Aras International Campus, University of Tabriz,
2School of Engineering-Emerging Technology, University of Tabriz,

Abstract- In this paper, composite cladding optical fiber is used. Assuming that the emission of electromagnetic waves in
the waveguide occurs by total reflection rule, negative Goos-Hanchen shift in the optical fiber for different forms of nanoparticles of
different wavelengths and temperature simulated by MATLAB software. As a result, prolate ellipsoid nanoparticles are drawn with
the least penetration depth. So the impact of changes in the density of nanoparticles in negative and positive Goos-Hanchen shifts as
well as changes in the density of nanoparticles as a selected sample have been investigated per P and S polarized wavelengths.
Finally, the dispersion curves and cut-off frequency of the composite cladding optical fiber has been described and it has been found
that by changing the density of nanoparticles cut-off frequency mode can be controlled.

Keywords: Dispersion, Geometry, Goos-Hanchen Shift, Temperature, Cut-off Frequency, Composite Cladding Fiber.
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1 Introduction

Light reflection and refraction at two medium
interface is one of the most basic optical processes
in optical systems which is described by Snell's
law and Fresnel formulas. The Goos-Hanchen shift
is a displacement of S or P polarized light beam,
reflected by a medium with a complex and angle
dependent reflection coefficient. There are many
researches in this field [1]. On the other hand, there
are many models to describe composite medium
[2]. Therefore, researchers are studied Goos-
Hanchen shift at an interface of a composite
material of metallic nanoparticles [3].

The cut-off frequency for step-index fiber is an
important parameter since it is defined as the
frequency at which the mode does not remain
purely guided. There are investigated cut-off
frequencies and propagation constant for
rectangular and cylindrical waveguides [4,5].
Then, there are calculated temperature effects on
dispersion for single mode optical fibers [6] and
plasma waveguide [7]. In addition, there are
studied about geometry of nanoparticles and
investigated the influence of size and shape of
nanoparticles on surface Plasmon resonances [8].
In this paper, first, the brief description for
geometry of nanoparticles, temperature and Goos-
Hanchen shift influence on Composite cladding
optical fiber and the effect of dispersion curve and
cut off frequency on optical fiber have been
presented. Second, the effects of negative Goos-
Hanchen shift on the composite cladding fiber for
different geometry of nanoparticles, containing
different wavelength and temperature have been
investigated. As well, negative and positive Goos-
Hanchen shift and complex reflection for P and S
polarized light have been simulated for best
geometry for different fraction and temperature. In
addition, dispersion curves and cut-off frequency
on composite cladding optical fiber have been
achieved for different fraction. Finally, the result
of simulation has been reported.

2 Mathematical Modeling

In this paper, as shown in figure 1, composite
cladding fiber has been used.
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Figure 1: Optical fiber with composite cladding

The effect of nanoparticle’s shape and size has
been calculated. Polarizability is the relation
between uniform external field and induced dipole
moment in a nanoparticle. A simple example for
polarizability is a homogeneous sphere. To analyse
more complex shapes, numerical efforts are
needed. Polarizability equations for sphere, oblate
ellipsoid, prolate ellipsoid, tetrahedron, cube,
octahedron, dodecahedron and icosahedron are
shown in equation 1 to 8, respectively [8,9].
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where V is volume of the nanoparticles shape, a

and b are ellipsoid diameters and &; and &, are
permittivity of nanoparticle in cladding and core,
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respectively. &; and &, can be obtained using
Drude, Free Electron Gas, Lorentz-Drude and
Brendel-Borhman models[10]. Also, effective
medium theory has been wused to describe
composite structure in different models [10,11].
Also, TE and TM modes have been used to
describe cut-off frequency and dispersion curve in
the optical fiber for different fractions of
nanoparticles. On the other hand, the Goos-
Hanchen shift is a phenomenon of optics. It shows
a light beam shift in different dielectric materials
surfaces. The Goos-Hanchen shift can be

expressed as
L

- 9)
2m 060

where @, 8, A and D are phase of complex
reflection coefficient (r), angle of incidence,
wavelength and parallel beam shift, respectively.
Equation 9, Artmann formula is the simplest theory
for Goos-Hanchen shift. The complex reflection
for P and S polarized light are given by
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_cos(0) —e— sin%(0) (11)

e cos(0) + /& — sin2(0)
Therefore, according to complex reflection, Goos-
Hanchen shift for P and S polarized light can be
calculated [2]. In addition, as mentioned, plasma
frequency and damping constant are depended on
temperature [6].

3 RESULTS

At first, negative Goos-Hanchen shift for different
wavelength for different geometry of nanoparticles
have been simulated. This studies are for the two
wavelengths 826 and 1550 nm, which represents a
wavelength in the visible and infrared ranges, is
done. The study has been ignored in the ultraviolet
range. It is clear, while wavelength is increased,
penetration depth is decreased. Prolate ellipsoid
has the lowest penetration depth. It is better For
better emissions and less losses. Then, as shown in
figure 3, negative Goos-Hanchen shift at 300°K
and 900°K have been investigated. It is widely
acknowledge that, penetration depth increases by
increasing of temperature and prolate ellipsoidal
has lowest penetration depth. As mentioned, the
effect of prolate ellipsoid is better and it has the
lowest penetration depth, as a result, wave passes
easier and with fewer losses from core.
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Figure 2: Negative Goos-Hanchen shift for different
wavelength for different geometry of nanoparticles
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Figure 3: Negative Goos-Hanchen shift in different
temperature for different geometry of nanoparticles
As shown in figure 4, penetration depth is
decreased by increasing of nanoparticles fraction.
The inset of figure 4 illustrated that, penetration
depth for positive Goos-Hanchen shift for 1% of
nanoparticles increases sharper than other fraction
of nanoparticles. So can be concluded that by
changing the density of nanoparticles can be
improved the light propagation in the fiber core.
On the other hand, Brewster's angle (also known as
polarization angle) is the angle of incidence light
with specific polarization that passes completely
without any reflection from the surface. When non-
polarized light emitted at this angle, the light
reflected from the surface is completely polarized.
Light in boundary between two materials have
different refractive index, part of it which is
usually reflected, called P polarized light. so,
complex reflection for P and S polarized light has
been shown in figures 5. As it is obvious, while
fractions of nanoparticles are increased, reflection
of P polarized light is increased and reflection of S
polarized is decreased. As a result, the amount of
reflected light can be increased by increasing
density of nanoparticles, which reduces losses of

passing wave through the core.
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Figure 4: Negative Goos-Hanchen shift in different
fraction for prolate ellipsoid. Inset of figure 4 shows
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Figure 6: Dispersion curve for different fraction of
nanoparticles
Finally, Cut-off frequency and dispersion curve
for 0.2% of nanoparticles and without
nanoparticles have been calculated. It is obvious,
dispersion curve and cut off frequency have been
changed by different fraction of nanoparticle.
Therefore, cut off frequency and dispersion curve
can be changed and controlled by different fraction
of nanoparticles.
4 CONCLUSIONS
In this paper, we simulated negative Goos-
Hanchen shift for different geometry of
nanoparticles in composite cladding fiber
containing change of temperature and wavelength.
Prolate ellipsoid has the best answer. Therefore,
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negative and positive Goos-Hanchen shift and
complex reflection for P and S polarized light
simulated for different fraction on composite
cladding fiber with prolate ellipsoid nanoparticles.
It is clear, penetration depth increases by
increasing fraction of nanoparticles and penetration
depth increases by temperature increasing. Finally
we investigated dispersion curves and cut-off
frequency for different fractions on composite
cladding fiber and we found out that we can
control dispersion curves and cut-off frequency by
fraction changing.
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