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ABSTRACT

The use of millimeter- and terahertz-wave bands are being actively explored to
increase communication system capacity and meet modern communication requirements.
In recent years, non-radiative dielectric (NRD) waveguide device has received a lot of
attention due to low loss nature. Several NRD guide components have been reported so
far without employing any optimization approaches. On the other hands, those devices
are simulated numerically using 3D simulation methods and commercially available
softwares result in high computational time and simulation resources required. In this
thesis, we propose several optimal design approaches based on mosaic optimization
concept for the design of NRD guide. In order to reduce the computational cost, we also
developed highly efficient simulation methods.

First, we develop direct binary search (DBS) algorithm. In order to improve design
efficiency, we employ the originally developed two-dimensional full vectorial finite
element method (2D-FVFEM) as a numerical simulation method. To show the usefulness,
NRD crossing and 90°-bend waveguide are considered and high transmission efficiency
greater than 99% is achieved at operating frequency 60 GHz. Then, we propose binary
representation-based genetic algorithm, differential evolution algorithm, harmony search
algorithm, firefly algorithm, and particle swarm optimization. To show the usefulness,
four NRD circuit components are designed which include low crosstalk waveguide
crossing, T-branch power splitter, bending waveguide, and frequency demultiplexer. The
proposed optimal devices achieve high transmission efficiencies greater than 99.9%,
49.9%:49.9%, 99.9% at 60 GHz and 96.4%, 98.5% at 59 GHz and 61 GHz. In addition,
the same NRD guide components except frequency demultiplexer are also designed at
wideband operation and achieve broad bandwidth around 5 GHz, 4 GHz, and 3 GHz.

We extend our previously developed 2D-FV-FEM to be applicable for design of non-
reciprocal NRD guide devices. The accuracy is confirmed by designing NRD circulator
and isolator. To achieve the desired properties, harmony search and differential evolution
algorithm are employed for single frequency and broadband operation respectively.

We propose rigorous two-dimensional full-vectorial finite difference time domain
method for the analysis of NRD guide devices. Convolutional perfectly matched layer
(CPML) is employed as an absorbing boundary condition. Furthermore, we have

established a rigorous formulation for estimating the modal power of each LSM¢; and



LSEo mode. We confirmed the validity of the proposed method through the analysis of
NRD crossing and T-branch guide devices. Excellent accuracy is achieved by the cross
comparison of 2D-FV-FDTD results with 2D-FV-FEM.

In this research work, we develop several optimal design approaches and simulation
methods. Our proposed design approaches are applicable to design a lot of NRD guide
devices with complex device structures and functionalities as well. The designed devices
have enough ability and potential to integrate in a circuit for the realization of complex,

compact and high-performance millimeter- wave circuit.
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