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Abstract - A silicon oxynitride (SION) guided film is used as
multilayered waveguide and using transfer matrix method.We
propose the application of waveguide as a TE-Pass polarizer and
TM-Pass polarizer having a passband in the third optical
communication window of 1550 nm. Polarizer is key component
for devices which require a single polarization for their
operation. Most of the polarizers use metal clad waveguides with
proper thickness and refractive index of cover and substrate.

Index Terms— Optical Polarizer, Multi-layered waveguide,
TE mode, TM mode, Silicon oxynitride

1. INTRODUCTION

Optical waveguide: An optical waveguide is a physical
structure that guides electromagnetic waves in the optical
spectrum. Common types of optical waveguides include
optical fibre and rectangular waveguides.

To fabricate a planer waveguide (Fig.1), usually a film
(refractive index nf), with a cover layer (refractive index
n.), is grown on a substrate (refractive index n,) such that
ny > n, > n,. Such waveguides are known as asymmetric
waveguides. For symmetric waveguide, the cover and
substrate are fabricated with same material and the
refractive indices are equal, i.e. n, = n,.

If there are more than one layer between Cover and
Substrate, then such type of optical waveguides are known
as Multilayer Waveguide.

In a multi-layered waveguide, we have choice to fabricate
as many layers as we required. We can select the thickness
of the layers and the type of the material according to our
requirement.
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Figure 1: Geometry of 3-layer waveguide structure

For a N-layer structure, the Define frame receives the
vacuum wavelength, the refractive index
values ng (substrate), n;, ,ay (inner  layers 1 to
N), n¢ (cover), and the thicknesses x;, ...
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, xy Of the inner layers. All dimensions are meant in
micrometers. The figure illustrates the relevant geometry:
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Figure 2: Geometry of multilayer waveguide structure

Multilayer waveguides are used in the implementation of a
variety of optical devices including semiconductor lasers,
modulators, waveguide polarizer, Bragg reflectors, and
directional couplers.

During the last twenty years, many attempts have been
made to solve the wave equation [3] for the propagating
modes in a general, lossless or lossy multilayer waveguide,
in such a way as to facilitate the design and optimization of
the above optical devices.

2. TE-PAss POLARIZER

Silicon oxynitride(SiON) planar waveguide structure can
be fabricated by using plasma enhanced chemical vapour
deposition (PECVD). In this technique oxidation reaction is
initiated by plasma rather than using external heating
source. Other techniques are melting technique, vapour
phase deposition technique but CVD technique is superior.
These waveguides find various applications in optical
communication  especially as  wavelength filter,
microresonator, modulator, polarization splitter and second
harmonic generator .

A SiON guided film is used as multilayered waveguide
and using transfer matrix method we propose the
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application of waveguide as a TE-Pass polarizer and TM-
Pass polarizer having a passband in the third optical
communication window of 1550 nm.[5] Polarizer is key
component for devices which require a single polarization
for their operation. Most of the polarizers use metal clad
waveguides with proper thickness and refractive index of
cover and substrate [9].

Multilayer waveguides are used in the implementation of a
variety of optical devices including semiconductor lasers,
modulators, waveguide polarisers, Bragg reflectors, and
directional couplers.

We propose a multilayered SiON waveguide fabricated on
substrate and has metal as cover is shown in fig 1. The
choice of SiON is made for its highly desirable features
such as low insertion loss, wide range of refractive index
tailoring and realization of compact devices because of its
low bending loss [4].The present configuration of optical
polarizer will find applications in integrated optical circuits,
signal processing from fiber optic sensors and fiber
gyroscopes. For the analysis of the waveguide we have

used the transfer matrix formulation.
n,=0.1804 + 1i*10.2 Cover
dy ny=1.546 SION
d-]_ n, = 1.540
ng=1.50 Substrate

Figure 3: Geometry of TE-Pass Polarizer waveguide structur
n. = refractive index of the cover

n;= refractive index of the film =1, 2......... r
n, = refractive index of the substrate
d, = thickness of the film layer in micron

2.1 Formulation

For the calculation of propagation constant and
resulting propagation mode profile of multi-layered
waveguide, there are following methods:-
1. Perturbation Method (4-layer)
2. Newton’s Method
3. Mode-matching method (5-layer structure)
4. Transfer Matrix Formulation
5. Argument Principle Method
The perturbation method for a lossless 5-layer structure,
for a lossy 4-layer structure, and for a metal-clad
waveguide was used to determine the propagation constants
and the resulting propagating mode profiles. Newton’s
method was used for metal-clad waveguides where the
derivative of the dispersion equation can be obtained
analytically [2]. A graphical method, as well as formal
electromagnetic analysis methods such as the mode-
matching method, was also used. The perturbation method
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as well as Newton’s method cannot easily be extended to
multilayer structures, since their approach is analytic and
the formulae involved become cumbersome [8].

None of the above methods can easily predict the number
of propagating modes supported by the multilayer structure.
This is a serious problem since there is no way of knowing
when to stop searching for new propagating modes or even
if the waveguide actually can support any mode at all. In
fact, an additional analysis must be used to determine the
number of guided modes before applying the zero-
searching techniques. Even if the number of existing
propagating guided modes is given, there is no guarantee
that all the modes will be found [7]. All the above
mentioned methods have serious problems in locating
closely spaced roots. Moreover, all of them need an initial
approximation close to the actual zero. This initial estimate
may be difficult to find, especially for high-loss
propagating modes where the popular perturbation method
does not apply. The method which we are using, is based
on complex number theory. It is capable of finding the
zeros or poles of any analytic function in the complex
plane. The dispersion equation of a general multilayer
waveguide is formed via the thin-film transfer-matrix
theory. After its singularity points are identified, the
complex plane is divided into regions where the dispersion
equation is analytic, and all the zeros inside each region are
found. In addition, the method provides the number of
zeros or poles in each region. The transfer-matrix analysis
provides an easy formulation of the multilayer structure
problem. The method will be presented for TE modes but
the extension to TM modes is straightforward [10].

A multilayer nonmagnetic slab waveguide structure (u =
), is shown in Fig. 2. The refractive index, n,, of the i"

layer can be complex in general, i.e., n, = n; — jk;, where
k;, is the extinction coefficient of the i'" layer and i = 1.. . .
.rand r is the layer number. For a TE mode propagating in
the +2 direction in the i" layer, (x; < x < x,+7), the electric
fieldis  E, = 9E,;(x) exp(jwt — jjz),and the magnetic
field in the same layer is
H, = [#H,;(x) + 2H,;(x)] exp(jwt — j¥z) where %,9,2
are the unit vectors in the x, y, z direction, respectively, w is
the radian frequency, and ¥ = 8 —ja is the complex
propagation constant with 8 and a the phase and the
attenuation constants respectively

2.2 TE Mode

A multilayer nonmagnetic slab waveguide structure (u =
i), is shown in Fig. 3. The refractive index, n,, of the i
layer can be complex in general, [6] i.e., n, =n; — jk;,
where k;, is the extinction coefficient of the i layer and i =
1. .. .r and r is the layer number. For a TE mode
propagating in the +2 direction in the i" layer, (x; < x <
xi+1), the electric field is E, = 9E,;(x) exp(jwt —
j¥z),and the magnetic field in the same layer is H, =
[%H,;(x) + 2H,;(x)] exp(jwt — j¥z) where %,y,2 are the
unit vectors in the x, y, z direction, respectively, w is the
radian frequency, and 7 =f —ja is the complex
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propagation constant with 8 and « the phase and the
attenuation constants respectively

By using Maxwell’s differential equations, we get

V X E; = —jopoH;

V XH; = —jwe,EE;

For TE mode,

Ex=H,=E, = only E, and H,

components will present.
So by solving above two Maxwell’s equations,

we get
9By _ _
x .]wHO
&9, ;
OEy _
5, = JOHoHy
&)
OH, OH, ) ~
oz " ox - JWEEEy
(3)
a Eyz'(x) _
ax wﬂoni(x) B
0 —j E, (x)
e il o
—]kL 0 w:uoHZi(x)
where €,IS the freespace

permittivity, k, = + /k ;2 — 72 and ky == = 2m/A,

,C is the speed of the light in the freespace and Ao is the
freespace wavelength. The electric and magnetic The
Electric and Magnetic tangential fields within the i layer
are solutions of above equation, and can be written as

Ey,(x): Aj e~ JkiGx=x)) + Bi etiki(x—x;)
(5a)

iéi[Ai e_jRi(x_xi) —
(5b)

w.uoni(x) :j_y =
B; etiki(x—xy) ]

When we apply boundary condition at x =x; in equations
(5 a) and (5 b), then we will get

E, (x;) =A; + B; (6)
wpoH, (x;) = ki(A; — B;) )
1 N
= E Eyi(x)e"']ki(x_xi)

1 -
+ = oy Hy, (x)e /R

i

1 .
+ E [ E.'Vi (x)e_]ki(x_xi)

_%w“oni(x)e—fki(x—xi)] 8)
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E, (x;) = cos Jlei(x — x;) ] Ey, (x) -/?j_sin[lzi(x —
xp)wioHz, (x)] Ya)
wioHy, (x;) = jk; sinfk;(x — x;)] Ey, (x)
+ cos [k = x)] wpohy () (90)
Adding equation (9 a) and (9 b)
EYL (x )
w.uonl(xz)
[ cos [k;(x — x;)] kism [ki(x — x)] [ Ey,(x)
jkisin[k;(x — x;)|  cos [ki(x — x)] WHoHz, ()

(10)

Utilizing the continuity of the tangential fields at any layer
interface in the multilayer structure, the fields tangential to
the boundaries at the top of the substrate layer E,, , H,_ and
at the bottom of the cover layer E,, , H, , are related via the
matrix product

E
Yc
[wuons] MMMy ... My [wuonc]
=[m 1 My [ Ey, ]
M1 My’ lwpoHy,
(11)
Where
_[ cos (kydy) 2 sin(kdy) Py
i = 5 _ 3 _ or 1
jki Sin(kidl') coS (kldl)
=22l (12)

Are the transfer matrices for all of the » layers having
thickness d;. For propagating modes, the tangential fields at
the boundaries must be exponentially decaying having the
form

Ey (x) = Age?s* (13)
oty (x) = jTsAse” x <0
And
Eyc(x) = Ace_%(x—xrﬂ) (14)
‘Uﬂonc(x) = —j)’);ACe_?E(X—XrH) x > X1

Where 7, = + /)72 — k7 2,
y :i ’ k 2~ 2
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From equation (11), we get

E, =mE, + mpou,Hy,

w.uons = m21EyC + mZZw/-lonC
JTsmyq + Yemaz) + myp¥e¥s —my =0

F@) = j(Fsmqy + Vemaz) — myy +¥5emyp =0

The extinction ratio (PER) is defined as the ratio of power
remaining (at the output end) [1] in the TE, mode (Prg,) to
the power remaining (at the output end) in the TM, mode
(Prmo ), expressed in decibels. In addition, the insertion
loss (PIL) is defined as the power loss associated with the
TE, mode. Thus:

PER =10 log,(

PTEQ
PrMmo

)

PER =TE, Loss in dB — TM, Loss in dB
PIL = 10logqy (Prgo )

PIL=TE, Loss in dB

The above equations assume that the input TE, mode has
unit power at the input end of the polarizer. In order to have
a good TE-pass polarizer, we require the power remaining
in the desired TM, mode at the output end of the polarizer
to be as high as possible. Hence a low value of PIL is
desirable. The effectiveness of the polarizer in
discriminating against the passage of theTM, mode
relative to the TE,mode is measured by the PER parameter.
Thus, this parameter should be as kiigh as possible. Hence,
we require a high PER and simultaneously a low PIL.

TE Mode Polarizer
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Figure 4: Effective index w.r.t.normalized film
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CONCLUSION

First of all, we have checked the function of TE mode by
using transfer matrix method [2]. The value of phase
constant and attenuation constant for 6-layer Lossy
Dielectric Waveguide are available. The available data
were calculated by the method of Argument Principle
(APM).

Transfer Matrix method has been used to analyse a four
layered waveguide consisting of SION as guiding film. On
this basis, we have designed TE pass polarizer. The range
of SION film thickness was estimated so that only the
fundamental degenerate TE, is supported. The calculations
showed that in the thickness range of 0.7um -2.2 um of
SiON, the waveguide supports only TE; mode.

In TE mode pass polarizer, the loss of TE mode is in the
range of 0.2 — 2.5 dB/cm and for TM mode its range is 40 -
45 dB/cm, which quite higher in comparison to TE mode.
So in this type of configuration of four layer waveguide,
only TE mode will pass.
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