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Abstract. Optical waveguides have been known as basic steigtuintegrated optics. The
result of waveguide analysis is very useful to gdpdfore fabrication process begins. In this
paper, optical propagation characteristic of stragyaveguide on light intensity distribution
within the structures have been investigated ab Irficrometer waveguide. The normalized
propagation constant b and effective refractivexms conditions have been considered for the
straight waveguide for single mode propagation.hBibte propagation characteristic can be
calculated efficiently on the personal computeruing MATLAB programming. The analysis
has been analyzed using a numerical method baséditndifference method approach. The
result of optimization analysis of waveguide acaogdto the parameter study can help in
practical work in designing an optical waveguidsilga

1.0 INTRODUCTION

An optical waveguide is a physical structure thaidgs electromagnetic waves in the optical
spectrum. Waveguides used at optical frequencesyaically dielectric waveguides, structures in
which a dielectric material with high permittivitgnd thus high index of refraction, is surrounded
by a material with lower permittivity. The struckuguides optical waves by total internal reflection

Since the invention of laser in 1969 [1], the ogltisignal starts to use for carrier in
telecommunication. It was in 1960, Miller introddcthe term ‘Integrated Optics’. It was involve
the realization of the optical and electro optieneénts which may be integrated in the large
numbers on one chip means of the same processomigees used to fabricate integrated
electronic circuits. Demand for integrated opticceits comes from the side of the light wave
communication system which required in additionldser source, components such as optical
switches, modulators and power splitters.

Optic communication systems widely operate in trevelength windows at 850nm, 1300nm
and 1550nm. For a low loss transmission systemgfitieal loss due absorption from ultra violet
(UV) and infrared (IR) region must minimize at ogimg wavelength and the system bandwidth
will be increase. Thus, operation wavelength atOl8/ is the best wavelength can maximize the
bandwidth system with low attenuating loss.

The buried waveguide is a very important comporaend suitable for integrated optical
technologies, finding widespread and significarieiometers, splitters, switches and also as an
optical interconnects such as bends and junctitwe. Aigher index guiding layers are selectivity
formed near subtracts surface by metal in diffusion exchange, on implantation and light beam
radiation. The buried type of channel waveguide th@sadvantages that the propagation loss in
typically lower in 1 dBm with smooth surface. Itisually suitable for bend waveguide with small
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curvature radii due to its characteristic thatrsgtg transverse confinement of scattering losstdue
waveguide wall roughness [1].

There are several types of technique to analyz®fitical waveguide, and those techniques
can divided into analytical and numerical metho&®r the numerical techniques, various
approaches such as scalar and vectorial finiteergiffce, scalar and vectorial finite element and
beam propagation method are applicable. Amongsitefidifference method is preferred due to
easier programming task.

The finite difference method (FDM) is a simple rermal technique used in solving
problem that uniquely defined by three things tiirpartial differential equation such as Laplace’s
or Poisson’ equation ,a solution region Boundarg/aninitial conditions. The basic formulation
that governs the propagation of light in the optwaveguide is a Maxwell's equations and it
derives to be below equation to obtaining e-fiél{ [

E(i+ l,j)+l£1i—l,j)+[%] (E(i,j+1)+ E(i, j-1))
fs s Ay
E(i,j)= :

Ax*

4y

21+ -Ax (Ent (i, )= B°)

Matlab software as a tool to calculate the equatibich Graphical User Interface (GUI)
was used and it make a friendly user and obtaittegresult with faster and accurate. Click the
button CALCULATE, user will enter the parameter aimbut 10 second the result will out. Beside
that have many function of GUI and just click thétbn such as analysis, example and application.
Figure 1(a) and Figurel (b) shows the GUI applarati

;
i
:

E aistribution

Vvayeguide thickness (um)

Figure 1(a) Front page of GUI
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VWaveguide Structure

Assume t1=2 micrometer, t3=2 micrometer
and n2 must larger than n1 and n3

Wavequida heigth (um)

ni=refractive index upper cladding
_ n2=refractive index core
n3=refractive index lower cladding

11,3=cladding thickness

Figure 1(b) Calculation part in GUI

20 RESULT OF THE WAVEGUIDE WIDTH

Four ridge waveguide structures with different \wigt were simulated at 21, 3um, 3.5um
and 4m. Other parameters were set to be constant whtakthickness of core layer isuh (t =
0.1um, h = 0.9um), upper cladding refractive index (air) = 1, coeéractive index (GaAS) = 3.44,
and bottom cladding or substrate refractive ind&iGaAs) = 3.36. Because of this work the ridge
waveguide is operate in single mode, so the vafuedge width is must less than 4m. The

results are listed in Table 3.

Table 3 Comparison with difference ridge width

Guide Width, w (um) Nett b
a 25 3.39149 0.390790
b 3.0 3.39488 0.433166
c 3.5 3.39701 0.459717
d 4.0 3.39843 0.477431

From Table 3, it shows that the values of normdlipepagation constant b increase as width
increase with high differentiate. Also same for ttadue of effective refractive index but this
parameter do not affect so much, and the valudn®st the same for all width. The overall
performance of an effective refractive indey; for different width is in range between core and
cladding refractive index which is 3.36 & 3.44. It shows this waveguide structure is indgdi

mode. Therefore the loss is less and strongly altienfinement.
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Figure 4 (a) and (b) show the contour of E fieldewhvidth is 2.5m and 4.am respectively. In
this figure, it shows that when the width w is highe field distribution will converge and the
electric field energy will radiate into core. Therfprmance will improve as the ridge width
increases, due to stronger lateral confinement. fBusingle mode, ridge width must less than
4. 7um.
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Figure 4 (a) and (b) Contour of E field whenigaithe width

30 CONCLUSION

The iterative method applying of the finite diffaoe method can be accepted as one of the
method to search for plotting electric field distriion. In the integrated optical circuit, the opgm
design of ridge channel waveguide should suppadtt Vew loss and strongly optical confinement
for practical implementation. A good design of tige channel waveguide is intended to limit
propagation loss and the transition losses.

The propagation loss on straight waveguide dependthe declaration value of refractive index

used between core and cladding waveguide. Bedidéstihe parameters that affect the performance
of ridge waveguide are core thickness and ridgehwi@ihese parameters will affect the value of

normalized propagation constant and also effeafective index. The normalized propagation

constant b is usually adopted to characterizetyge of waveguide because it shows with more
sensitivity than the value @fitself the variations with respect to geometriarges of the structure.
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