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Abstract

The recently introduced perfectly matched

layer(PML) uniaxial absorber for frequency

domain finite element simulations has several

advantages. In this paper we present the

application of PML for microwave circuit

simulations along with design guidelines to

obtain a desired level of absorption. Different

feeding techniques are also investigated for

improved accuracy.

Introduction

In the numerical simulation of 3D microwave

circuits using partial differential approaches,

it is necessary to terminate the domain with

some type of non-reflective boundary condi-

tions. When using frequency domain PDE for-

mulations, such as the finite element method,

the standard approach is to employ some type

of absorbing boundary conditions(ABCs) [1],

[2], [3]. Also, the use of infinite elements [4]

or port conditions [5] have been investigated.

All of these mesh truncation methods require a

priori knowledge of the dominant mode fields
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and, to a great extent, their success depends on

the purity of the assumed mode expansion at the

mesh truncation surface. Larger computational

domains must therefore be used and the accu-

racy of the technique in computing the scatter-

ing parameters could be compromised.

Recently, a new anisotropic (uniaxial) ab-

sorber [6] was introduced for truncating finite

element meshes. This absorber is reflection-

less(i.e. perfectly matched at its interface) for

all incident waves, regardless of their incidence

angle and propagation constants. As a result, it

can be placed very close to the circuit disconti-

nuity and is particularly attractive fc~r terminat-

ing the computational domain of high density

microwave circuits where complex field distri-

butions could be present.

Although the proposed uniaxial PML ab-

sorber has a perfectly matched irlterface, in

practice a finite metal-backed (say) layer must

be used which is no longer reflectionless due

to the presence of the pec (see Fig. 1). It is

therefore of interest to optimize the absorptivity
of the layer by proper selection of the parame-

ters to achieve a given reflectivity with a mini-

mum layer thickness. In this paper, we present
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guidelines for implementing the PML absorber

to truncate finite element meshes in microwave

circuit simulations. Example microwave cir-

cuit calculations are also given to demonstrate

the accuracy of the PML absorber and the FEM

simulator. More examples will be presented at

the conference.

Absorber Design

An extensive study was carried out using two-

dimensional(see Fig. 1) and three dimensional

models (see Fig. 2) in order to optimize the ab-

sorber’s performance using the minimum thick-

ness and discretization rate. As expected, the

absorber’s thickness, material properties and

the discretization rate all play an equally impor-

tant role on the performance of the PML. The

typical field behavior interior to the absorber is

shown in Fig. 3. As seen, for small ~ values the

field decay is not sufficient to eliminate reflec-

tions from the metal backing. For large /3 val-

ues, the rapid decay can no longer be accurately

modeled by the FEM simulation and conse-

quently the associated VSWR increases to un-

acceptable values. However, an optimum value

of@ which minimizes the reflection coefficient

for a given layer thickness and discretization

can found. The parameters ~ and t play com-
plimentary roles and the study shows that the

PML absorber’s performance can be character-

ized in terms of the product ~ (a scalable quan-

tity when a = O) and the d&-etization rate. A

two-dimensional analysis was carried out to de-

termine the optimum values of p and N (the

number of samples in the PML la~er) for maxi-

mum absorption near normal incidence. It was

determined that given a desired reflection coef-

ficient Il?l for the PML absorber, the optimum

~ and N values are approximately given by the
9

expressions [7]

/3t

~=
–O.O1O6IRI + 0.0433

where IRI must be given in dB and N is equal to

or exceeding the right hand value. As an exam-

ple, if we desire to have a value of IRI equal to

–50cU?, from the above formulae we have that
p N 0.58 and N = 10. It should be noted that

t~ough the design formulae were derived with

a = Othey also hold for small non-zero values

of CY.

3D Modeling Examples

The PML performance as predicted by the for-

mulae was investigated by using it to truncate

the domain of 3–D microwave circuits. For ex-

ample, Fig. 4 shows the optimum value of ~ %

0.96 obtained from the above design equations

compares well with the results of the full wave

FEM analysis of the microstrip line shown in

Fig. 2. The 3–D FEM computations were car-

ried out using N = 5 for modeling the PML

absorber across its thickness and from the given

formulae, it follows that R = –41dl? and this

agrees well with the optimum value shown in

Fig. 4. Another example is the meander line

shown in Fig, 5. For the FEM simulation, the

structure was placed in a rectangular cavity of

size 5.8mm x 18.Omm x 3.175mrn. The cav-

ity was tessellated using 29 x 150 x 5 edges and
only 150 edges were used along the y-axis. The

domain was terminated with a 10 layer PML,

each layer being of thickness t = O. 12mrn. The

S’ll results are shown in Fig 6 and are in good

agreement with the measured data [8].
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Figure 2: Shielded microstrip line terminated

by a perfectly matched uniaxial absorber layer.
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Figure 3: Illustration of the field decay pattern

inside the PML layer.

Figure 5: Illustration of a meander line geome-

try used for comparison with measurement.
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Figure 4: Reflection coefficient vs 2~t/A~ with

a=l, for the shielded microstrip line terminated

by the perfectly matched uniaxial layer.
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Figure 6: Comparison of calculated and mea-

sured results for the meander line shown in

Fig.5.
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