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Abstract

Realization o f opto-electronic components and devices requires accurate and fast 

methods for the modeling and efficient methods for the characterization o f these devices. 

The approximate analytical methods are simple to implement; however, they suffer from 

the limitations o f accuracy and are not well suited for many practical guiding geometries. 

The numerical methods on the other hand are accurate and can be used for any practical 

guiding geometry. However, numerical methods are computationally more expensive and 

are unstable in many cases. Therefore, there has always been continuous interest to 

develop better approximate methods which could produce accurate results and are faster 

than numerical methods. This has led to the development o f methods like series 

expansion method and optimal variational method (Vopt).

Optimal numerical variational method (Vopt) is based on the variational technique. 

The method produces best possible trial field and propagation constant within the 

constraint of the separability of field in the width and depth directions. However, in many 

practical situations the assumption of the separability of the modal field leads to 

considerable error. Such is the case, for example, with ridge or rib structures. In the 

present thesis a method to overcome the field separability assumption has been presented.

In the series expansion methods the modal solutions are approximated by a series 

expansion on a set o f orthogonal basis functions. A significant part o f the thesis is 

devoted to the development o f efficient basis functions for the analysis o f optical 

waveguides and devices. We have presented a method to generate a set o f truncated 

Gaussian wavelet functions. These functions are localized in space; therefore, generates 

sparse matrix eigenvalue equation. Also, the computation o f matrix elements becomes
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much faster for these basis functions because of their limited span in the space. Several 

numerical examples have been presented to calculate the scalar and quisi-vector modes o f 

various optical waveguides. Further, we have presented a method to find the vector 

modes o f optical waveguide using the vector variational expression. We have represented 

the gradient o f refractive index in terms o f the scalar modes o f the same waveguide. This 

form o f the refractive index further has been used in the vector variational expression for 

the analysis o f  the vector modes. Using the evanescent secant hyperbolic (ESH) trial field 

we have established empirical relations for the propagation constant and the field profile 

for various diffused channel waveguides. The empirical relations are obtained using the 

least-square fitting o f  a comprehensive database o f  propagation characteristics. The 

application o f the obtained empirical relations has been presented for the modeling o f 

directional couplers. The empirical relations will serve as a quick reference for the 

experimentalists and manufacturers and will help them reduce device fabrication cycle 

time.

Calculation o f  refractive index profile (RIP) o f fabricated waveguides is critical for 

any opto-electomic device realization and manufacturing process optimization. We have 

embedded the mean filtering scheme in to the least-square regularization process to filter 

out the high frequency noise from the field and its second derivative for the near-field 

scanning method. It has further been shown that this way o f filtering does not cost any 

extra computation for filtering. The developed method has been used to find the 

refractive index profile o f  a proton exchanged single mode lithium niobate channel 

waveguide.
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