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Theoretical study of metal clad optical waveguide polarizer
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Abstract— In this paper, the metal clad optical waveguide
polarizer have been analysed and presented. The metal’s that
were used are Gallium Arsenide and Aluminium for the
cladding purpose of comparison and analysis. It was found
that the variation between TE mode and TM mode when
Gallium Arsenide is used as the cladding is less as compared
to Aluminium. This is due to the metal cladding itself will
cause a cut-off region in the polarizer. Gallium arsenide may
have fewer modes compared to aluminium and which
resulted in the variation of the graphs between the two
metals used. We have also shown that there is a slight drop
of the TM to TE loss ratio when the buffer layer thickness is
increased. It was also found that the high extinction ratio
results in the high and linear attenuation in the fiber.
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I. INTRODUCTION

Polarizer’s and polarization devices are important
components in fiber optic communication and for integrated
optics circuits. There is a growing need for efficient low loss
components that are compatible with optical fibers. The use
of integrated optics offers an attractive solution, but there is
considerable loss in removing the signal from the single
mode fiber.[1-2] Fiber—optic polarizer’s are integral
components in optical communications systems and
polarization dependent sensors. One method of constructing
fiber polarizer is from bulk optics. Another approach that is
simpler and has less loss is an all fiber device, such as a side
polished fiber fabricated to have polarizing properties. A
side-polished fiber is an optical fiber device that has a
portion of the cladding polished away and replaced with a
thin film overlay. This overlay acts as a multimode slab
waveguide that can couple to the optical fiber and allows
light at certain resonant wavelengths to be removed from the
fiber [3-9]. The light in the fiber interacts with the TE and
TM modes of the overlay at different wavelengths and hence
the side-polished fiber can be used as a polarizer. This
device reduces losses and is simpler to package as the fiber
is continuous. Fiber-optic polarizer’s can be constructed by
removing a portion of the fiber cladding and replacing it
either with a birefringent crystal or metal. A fiber polarizer
with partial metal cladding is preferred for its stable
polarization because studies has shown that it has a high
insertion loss for a given extinction ratio. The equivalent
current theory of waveguide coupling has also been applied
to a fiber polarizer which is formed by partially polishing
out the cladding on one side of a single-mode fiber and
evaporating a metal on the polished surface[10-20].

In this work we have investigated the attenuation
characteristics of metal clad optical waveguide which is
suitable for mode filtering. To achieve this, we have
analysed the metal clad film waveguide and the single mode

fiber type polarizer by the equivalent theory of optical
waveguide coupling. We have also analysed the new and
analytic formulas of attenuation calculations for TE and TM
waves. We have shown that the different variations of
attenuation coefficients, versus the thickness of core for
different buffer layer changes in an exponential manner.
The high extinction ratio results in the high and linear
attenuation in the fiber is also shown.

II. ATTENUATION COEFFICIENT FOR FILM
WAVEGUIDE

To analyze waveguide polarizer the eigenvalue equation for
four- layer film can be written like
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The eigenvalue  of each mode can be obtained by the
numerical analysis of the above complex transcendental
equation. This exact solution is used to assess the validity of
our theory. After a series of calculations and analysis of the
attenuation characteristics of the TM mode for a metal clad
film waveguide, it is found that the effect of the surface
plasma wave is small when the buffer layer thickness is not
small enough. So, from here we can get the attenuation
coefficient of the TM for the metal clad film waveguide
similarly as we do for the TE mode. The outline of the
derivation of this formula is given here. A new formula for
the attenuation coefficient is obtained from the fundamental
idea of the equivalent current theory of optical waveguide
coupling:
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From the given equation, is the normal field solution of the
metal clad film waveguide and is the normal mode
solution when metal is not present. The minus represents the
negative direction propagation. For the equation given
above, the surface integral is evaluated only in the metal
region. To obtain the attenuation coefficient expression,
should be determined in equation (2) first. An approximate
expression of is used.
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For a TM wave, the field can be expressed as

(Eq:3a)

H, cos ¢, exp (K;,X),x <0, (Eq:3b)
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The field depends on z as exp (-jplz) and HO is a

normalization parameter, is the propagation constant, is the
initial phase angle
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The components of the electric field vector, are determined
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From equation (2), we can get the exact value if is the true
normal mode solution of the metal clad film waveguide, but
it is difficult to get this solution. We can assume that the
field inside the metal is the transmitted wave when the field
equation (4) is incident upon the metal boundary. A
reflected wave is introduced for the purpose of field
matching at the same metal boundary at the same time.
However, this reflected wave is much smaller compared to
the incident wave at the waveguide boundary (x=w), so it
can be neglected at x=w. Hence, our field solution not only
satisfies the metal boundary condition, but also
approximately satisfies the waveguide boundary condition at
x=w. Hence, we get the

E expression as
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Substituting E of (5) and El of (4) into (2), the
attenuation coefficient for the TM wave
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For comparison purposes, the results for the TE mode are
also listed in the following:
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III. CALCULATION FOR EXTINCTION RATIO
Extinction ratio is the ratio of the power in the unexcited
polarization mode to the power in the excited polarization
mode at the output of a fiber. It is also a measure of the
polarization holding ability of a fiber.

Fiber polarizer is formed by partially polishing out the
cladding on 1 side of a single-mode fiber and evaporating a
metal on the polished surface. In order to calculate the
extinction ratio of the single-mode fiber-type polarizer, it is
necessary to obtain the attenuation expression of x- and y-
polarized modes. The Figure.1 explains this.
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Structure of a fiber-type polarizer

Fig. 1: A Fiber-type polarizer
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For small differences in refractive index between the core
and the cladding, P =-1 for HE modes and Ex>>Ez, thus the
field can be rewritten as
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Where,p=r/a

a is the core radius
u=a(n’k’—p)"

w=a (B - n’k,)

n, is the core index

n, is the cladding index

Ay is the field normalization parameter
Jo, J1, J, are the Bessel functions

Ko, K1, K5 are the modified Bessel functions
P=(1/u>+1/w )/, +n,)
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Using approximate method, we have
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Where |y, |, are modified Bessel functions

Thus, attenuation coefficient for both Xx-polarized and y-
polarized mode are given as follows:
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Extinction ratio (ER) is defined by
ER = 10(a, -, )./ In10(dB)............. (8.18)

Where, L is the polarizer length, n;: effective index of core,
n,: effective index of cladding, n,,: effective index of metal
cladding, h: height from center of the core to metal cladding

IV.RESULTS & DISCUSSIONS

The metal cladding (n4) used is Gallium Arsenide which has
a refractive index of 3.86 and an extinction coefficient of
0.2. The extinction coefficient is the imaginary part of the
index of refraction. So, we can write it in complex form as
Nygallium arsenide)= 3-86-j0.2. Another metal cladding used here
is Aluminum which has a refractive index of 1.2 and an
extinction coefficient of 0.7. Similarly, this is written in
complex form as Niuuminumy = 1.2-j0.7. The variations of the
attenuation coefficient oz and ary with the thickness of
core for different buffer layer thickness are shown in the Fig

2, 3,4 & 5. It was found that where Gallium arsenide used
as metal cladding the variation between TE mode and TM
mode was less as compared to Aluminum as the metal
cladding. This is due to the different modes in the fibers and
the metal cladding itself. It will also cause a cutoff region in
the polarizer. The analysis based on the model shows two
kinds of cut off phenomena; those similar to parallel plate
waveguide and those due to negative permittivity of the
cladding. The choice of metal used for the cladding is
affects the attenuation of the waveguide modes. We see the
difference in the variation of the plots due to this reason.
The difference between these two plots also shows that
when the buffer layer thickness is increased, there is a slight
drop of the TM to TE loss ratio. From this we may conclude
that when there is the buffer layer thickness also plays a
critical role to determine the attenuation properties of a
fiber. The higher the buffer layer the less likely will be the
difference of attenuation between the TE and TM modes.
The dependence of the attenuation constants on buffer layer
thickness and refractive index of thin film used have been
studied and the results show that the attenuation constants of
the well guided TE and TM modes in waveguides with large
buffer layer thickness increases with buffer layer thickness
and also mode order.
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Fig. 2: Plot of attenuation constant vs. core layer thickness
(w) for case h=0.1p)
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Fig. 3: Plot (a vs. core layer thickness (w) for case
h=0.4pum)
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Fig. 4: Plot (a vs. core layer thickness (w) for case
h=0.1pm)

..l:“' Amcmncion cocScinn con Ayes thidaca (el £710H)

[=F] '|I

T

=R} 3

Angraption coxllickr
_—

lhi.'\l

Core: bayer théckowm e

Fig. 5: Plot (o vs. core layer thickness (w) for case
h=0.4pum)

IV. CONCLUSION

The attenuation coefficient varies between waveguides and
is determined by a combination of the wvarious loss
mechanisms that occur in each waveguide. The lossier the
waveguide is, the more decrement of the light intensity of
the light occurs in the waveguide. The main waveguide
losses are scattering, absorption and radiation. Scattering
losses can be further divided into two types which are
volume scattering and surface scattering. Losses in
waveguide’s can never be eliminated totally, but through
proper design and usage of materials for the optical
waveguide, losses can be reduced and therefore the
performance of the optical waveguide polarizer can be
maximized. It was also found that where Gallium arsenide
used as metal cladding the variation between TE mode and
TM mode was less as compared to Aluminum as the metal
cladding. This is due to the different modes in the fibers and
the metal cladding itself. It will also cause a cutoff region in
the polarizer. We have shown that the high extinction ratio
results in the high and linear attenuation in the fiber. All
these results are new and very useful to the design and
calculation of the metal clad optical waveguide polarizer.
Furthermore, this analysis method can be easily applied to
any form of a waveguide, so it is a method of important
significance.
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