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ABSTRACT

A method for microwave field simulation based

on three-dimensional finite elements is described.

The method employs solid modeling for geometry

generation, Delaunay tessellation for mesh gener-

ation. Xl(cUrl) tangential vector finite elements

for field solution, and transfinite elements for port

representation. Applications to conventional and

MMIC devices are described.

INTRODUCTION

A number of features of the finite element method

make it attractive for microwave field simulation.

It is flexible and can model devices containing com-

plicated shapes and a variety of different materials.

It is efficient since the sparse structure of finite el-

ement coefficient matrix provides great computa-

tional savings and the matrix elements themselves

can be precomputed. However, some other fea-

tures of the finite element method have until now

prevented its use as a common three-dimensional

microwave design tool. Data entry and mesh gen-

eration with the finite element method has been

difficult, conventional finite element methods have

produced spurious modes, and methods to couple

the input and output ports to the finite element

method have been inefficient.

This paper presents several new procedures for

microwave field simualtion by the finite element

method that overcomes these limitations. First,

we employ solid modeling to simplify the entry of

the device geometry. Second, we employ Delaunay

tessellation to generate three-dimensional finite el-

ement meshes without any user input. Third, we

employ Nl(curl) tangential vector finite element

basis functions that eliminate the problem of spuri-

ous modes found with other methods. And fourth,

we introduce the use of transfinite element method

in three dimensions to couple the field solution at

the input and output ports.

SOLID MODELING

Electromagnetic field simulation begins with the

problem of representing the shape of device un-

der study in the computer. The approach used in

this paper is to introduce the techniques of con-

structive solid geometry developed in the computer

graphics area to define the shapes of microwave

devices. Constructive solid geometry is a proce-

dure for modeling solids in a computer by em-

ploying the Euler invariance properties of three-

dimensional objects [1]. A key aspect of these

Euler invariance relationships is that complicated
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structures may be built up out of simple solids by

computing the Boolean unions and intersections of

these solids. For example, the coax to waveguide

transition in Figure 1 was entered in the computer

by using this process.

DELAUNAY MESH GENERA-

TION

The application of the Delaunay tessellation to fi-

nite element mesh generation in two dimensions

is described in reference [2]. Delaunay tessellation

is based on the concept that an optimal triangular

mesh is one in which no triangle circumcircle con-

tains any other triangle vertex in its interior. This

method can be extended to three dimensions by

employing a similar relationship between the te-

trahedrons of a three-dimensional mesh and the

corresponding circumspheres [3]. This is the ap-

proach used in this paper. Figure 1 also shows

the Dealunay mesh for the coax to waveguide con-

verter.

TANGENTIAL VECTOR l?l-

NITE ELEMENTS

As decribed in reference [4], new types of basis

functions called tangential vector finite elements

eliminate the problem of spurious modes that have

made three-dimensional finite element field solu-

tion unreliable in the past. The work reported

here uses the ,Y1(curl) elements. The N1(curl)

elements can be described mathematically as

where ,C2(f2) is the set of square integrable func-

tions, and PI(Q) is the set of piecewise polynomial

functions complete to first order in the problem do-

main Q.

TRANSFINITE ELEMENTS

A method for coupling the input and output fields

at microwave ports is presented in reference [5]

for two-dimensional planar circuits. Called the

transfinite element method, the method employs

what effectively one-dimensional analytical solu-

tions in the port regions as basis functions within

a variational framework to approximate the fields

in the ports. This method is extended to three-

dimensional problems in the present work. Since

analytical solutions are not known in two dimen-

sions in general, these field solutions are obtained

by using two-dimensional finite element analysis

as described in reference [4].

APPLICATIONS

A wide number of three-dimensional microwave

components have been analyzed by the procedure

reported in this paper. Typical results are those

shown in Figures 1 and 2. Figure 1 shows the

analysis of a coax to waveguide converter. The

solution time per frequency point for this problem

using a 9530 by 9530 sparse matrix was about

one half hour on an HP 835 computer. The prod-

uct specification for the converter is 40 dB return

loss: this result is well within the computed results

shown in Table 1. Figure 2 shows the analysis

a microstrip filter. Again, the computed values

$11 agree closely with the measured values.
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Figure 2: (a) Geometry of a microstrip filter.
(b) Computed and measured return loss.

Figure 1: (a) Geometry of one half of a coax to
waveguide transition showing the Delaunay
mesh. (b) Computed S parameters at five

different frequencies.
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