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ABSTRACT

Optical communication systems that supports large communication demands, consists of optical
fibers and optical circuit elements. In order to meet the demand for higher speed and larger capacity
of communication due to the spread of the Internet and mobile terminals, it is indispensable to
improve the performance of optical circuit elements that have a functional role in optical
communication systems.

An optical circuit element with desired characteristics can be realized by appropriately designing
optical waveguides. Recently, with the development of electromagnetic simulation technology, a
number of efficient numerical analysis methods and optimum design methods have been developed
for wide variety of waveguide problems. However, there is a problem that it is difficult to design a
complicated structure with a high degree of freedom and a large-scale 3D circuit due to the
limitation of required time and memory capacity. Therefore, a more efficient and practical design
method has been highly required.

Finite element method (FEM), which is widely used in conventional optical waveguide analysis,
directly discretizes the entire analysis region by mesh division with high flexibility and adaptability.
Although FEM has high accuracy, the calculation cost usually becomes expensive due to necessity
of using fine meshes. Therefore, in this study, we propose a new analysis method that combines the
propagation operator method (POM) and the FEM. POM is a method that can efficiently analyze an
arbitrary electromagnetic field at the cross-sectional waveguide by calculating propagation
operators without eigenmode expansion. In the researches on POM so far, the calculation precision
and stability of the propagation operator have been particularly studied until recent years. However,
in order to analyze many practical problems including waveguide designs, it is necessary to
construct an efficient propagation analysis scheme for arbitrary waveguide structures with high
degree of freedom.

In this study, first, we develop a POM using finite element meshes and introducing a calculation
method of the propagation operator by Denman-Beavers Iteration (DBI) to efficiently analyze the

waveguide discontinuity problem, and show its validity. Next, we extend this method to be



applicable to not only discontinuous structure but also entire circuit elements with continuous
structural changes, by combining with beam propagation method (BPM), and then evaluate its
analysis accuracy. Finally, we apply POM to the boundary conditions of conventional FEM, and
propose a scattering operator method for efficient analysis dividing the entire analysis region into
arbitrary local structures, and we show its validity and usefulness.

The proposed method can treat high degree of freedom in the waveguide structure, and it
is also expected that the analysis efficiency will be increased by parallel computation. Thus,
it can be a practical analysis tool for high-dimensional waveguide design aiming at high

performance of optical circuits.
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