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CHAPTER 1

INTRODUCTION

1.1 Motivation and Objectives

The development of high-frequency MMICs (monolithic microwave integrated
circuits) has been driven by the demands for portability and increased functional
efficiency of wireless communication systems. In advanced communication systems,
MMICs are required to include a large number of circuit components, lines and inter-
connections between circuits in a compact space. The complexity imposed by these
large numbers of components and connections is extremely challenging for the de-
sign of efficient simulators that are necessary tools for MMIC development. Because
of the large amount of memory and long computation time required, conventional
computational methods prove to be insufficient means of addressing certain types
of problems. The goal of the study reported here is to formulate a practical way
of numerical modeling and characterization of such complex and large-scale electro-
magnetic circuits.

A number of full-wave frequency and time domain methods have been developed
based on the integral and partial differential representation of Maxwell’s equations.
They are: the Method of Moments (MoM), the Finite Element Method (FEM), and

the Finite Difference Time Domain (FD-TD) method.



MoM [1] is a frequency domain technique, which uses a Green'’s function-based
integral formulation for the solution of Maxwell’s equations. Due to the use of Green'’s
function, MoM is the most preferred and efficient method of the three. However, the
analytic effort to derive the complete Green’s function proves to be a very difficult
task for a large complex circuit geometry. It needs a long computation time and
significant memory resources to solve large-scale electromagnetic problems. For this
reason, MoM is limited to problems of a moderate size and complexity.

As a computer aided analysis and design technique, FEM [2. 3] has been employed
in several areas of engineering. In electromagnetic field computation, FEMI discretizes
the differential form of wave equation in the frequency domain and solves the equation
without a priori analytic effort. Hence, FEM is particularly suitable for arbitrarily
shaped electromagnetic problems: a definite advantage over MoM. The application
of the FEM does, however, lead to a large linear system that has to be solved and
unfortunately needs large amounts of memory and high computation time. Moreover,
in open boundary problems, the incorporation of absorbing boundary conditions
(ABCs) or artificial absorbers in the FEM often proves to be a source of numerical
inaccuracy for the method.

Unlike the previous two methods, the FD-TD technique [4, 5] solves the time-
domain Maxwell’s equations, which makes it simple and easy to formulate the sys-
tem equation. Furthermore, FD-TD can be applied to arbitrarily inhomogeneous
geometries, just as FEM does. The main advantage of FD-TD, which clearly is its
simplicity in implementation, is obtained at the expense of computational resources
and execution time. However, this technique provides a wideband characterization of
the simulated structure, since Fourier-transforming the time domain data provides

frequency domain quantities over a typically large bandwidth. Nevertheless, it is



important to point out that the transformation itself can introduce numerical errors.
Implementation of open boundary conditions again constitutes one more source of
inaccuracy.

As mentioned previously, MoM is an efficient method but requires analytical ef-
fort to derive a complete Green’s function, which is a very difficult task for complex
geometries, making this method impractical. Unlike MoM, FEM can be applied to
an arbitrarily shaped structure without the need for a Green’s function, but requires
large amounts of memory and high computational time. While FD-TD has demon-
strated its ease in implementation for any shape of geometry, it demands similar
computational resources when compared with FEM. All three methods need signif-
icantly large computational resources for the extraction of accurate and convergent
solutions. To circumvent the existing theoretical obstacles and the limitation of
computational resources for the treatment of large-scale electromagnetic problems,
the author has developed the hybrid MoM/FEM method and introduced the use of
multiresolution analysis (MRA) and high-performance computing (HPC).

The hybrid MoM/FEM method [6, 7] aims for combining the advantages of MoM
and FEM. In this method, FEM is applied in modeling the complex geometries and
inhomogeneous materials in one domain, while MoM is implemented in the open
space radiation domain using the available Green’s function. By doing so, we can
reduce the heavy computational load and avoid the analytical difficulties of deriving
the required Green’s functions.

The application of MRA theory [8, 9, 10] in the hybrid MoM/FEM technique
enhances the overall computational efficiency of the hybrid MoM/FEM linear sys-
tem. Since MRA diagonalizes the hybrid linear system, we can achieve highly sparse

matrices by discarding small, off-diagonal terms. This threshold process can occur






