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ABSTRACT 

Development of optoelectronic devices requires fast and efficient modeling and 

simulation techniques. In devices with complicated and non-uniform structures 

analytical solutions do not exists and numerical methods are essential. The beam 

propagation method (BPM) is a widely used numerical method for modeling such 

structures. These methods, however, have limited applicability when the propagating 

field makes a large angle with the axis of propagation (used for computation). 

Recently a method called the finite difference split-step non-paraxial 

(FDSSNP) method has been developed. The method, based on the splitting of 

operators, can handle propagation at very large angles. So far its development has 

been limited to two-dimensional scalar wave propagation. In this thesis, the method 

has been further developed for wider applicability. 

In the FDSSNP method the propagation matrix requires computation of sine, 

cosine and square root of the propagation matrix, requiring numerical diagonalization 

which is time consuming. We have developed a method for analytical diagonalization 

of the propagation matrix. There is also no need for any matrix inversion and the 

computation speed and efficiency increase significantly. 

The FDSSNP method is extended for three-dimensional beam propagation. In 

this case both the transverse derivative operators are operating simultaneously. As 

these derivatives are orthogonal to each other, a special representation of the field and 

operator matrices is used so that the operators can operate simultaneously, and at the 

same time the split-step method can be applied. We show that even in this case the 

diagonalization can be done analytically. The method gives reasonably good accuracy 

even for moderately large discretization widths. 



In the classical splitting method used so far, the operators were split in a way 

such that one operator represents propagation in a homogeneous medium of a 

reference refractive index and the other operator represents a lensing action due to the 

variation of the index distribution of the given structure over the reference value. 

However alternative splitting methods are also possible by shifting one or both the 

derivatives to the second operator. These methods reduce the memory requirements 

and increase the computation speed of the 3D method significantly. For certain 

geometries these methods even improve the accuracy. The implementation of the 

perfectly matched layer boundary condition also becomes very easy. 

We have also developed a semivectorial method for wide angle beam 

propagation in high index contrast devices. The semivectorial equation is solved using 

the alternative splitting method in order to maintain the continuity of terms. The 

method gives good accuracy and is reasonably stable with the choice of the reference 

refractive index. 

A few applications of the above methods to physical problems are also 

presented. The methods can simulate diffraction, reflection, total internal reflection, 

frustrated total internal reflection very efficiently. The simulation of reflection in the 

direction of propagation shows the bidirectional nature of the methods. 
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