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Abstract

This paper reports a new and simple

technique for obtaining an accurate wide

bandwidth absorbing boundary condition (ABC).

The technique is based on signal averaging of

the scattering parameters calculated from current

and voltage waves propagating in planar

structures. Although the ABC has been modelled

by a match-termination for normal incident

waves, the errors due to imperfect ABCS can be

significantly reduced from the computed

scattering parameter data using a signal

averaging technique. The computed reflection

coefficients in highly dispersive microstrip lines

have been improved from -30 dB to better than

-58 dB for the entire frequency range 1-150

GHz.

I: Introduction

Differential-equation based numerical

methods such as TLM have been proven to be

appropriate approaches for the analysis of open

microwave structures and complex geometries

[1]. In order to model open problems, extra

absorbing boundary conditions (ABCS) are

needed to correctly terminate the computational

domain. In the TLM method, the absorbing

boundary can be modelled by a single impulse
reflection coefficient. This match-termination for

normal incidence provides a good ABC for

waves scattering in low-dispersive transmission

line structures such as a microstrip line on low

permittivity substrate [2]. However, there is a

major challenge to overcome when applying the

TLM method to dispersive transmission lines

fabricated on high permittivity dielectric

substrates. For example, when analyzing a

highly dispersive microstrip line, the

*Laval University
Electrical Engineering Department
Quebec, Canada, GIK 7P4

transmission coefficient, S21,exhibits slight gain

or loss (- &O.25 dB) and considerable ripples in

the effective dielectric constant (Eeff )- These

errors can be reduced by choosing a smaller
mesh size and by placing the exterior walls far
away from the micro strip conductors. However,
for microwave structures where the ratio of the
maximum to minimum dimensions is very large,
such as a dielectric resonator antenna coupled to
a microstrip line through an aperture, the
implementation of these two conditions requires
a huge memory and therefore an enormous
amount of computing time even if the substrate
thickness is discretized by only a few cells [3],
[4].

Different ABCS have been developed for
the application with FD-TD algorithms. The
most often referred to in the literature are those
derived by Higdon and Mur [5], [6].
Recognizing the similarities of the TLM and FD-
TD methods, Eswarappa et al. adapted Higdon’s
ABCS for the TLM method [7]. Their results
demonstrated that the second and third order
ABCS perform better than first order ABCS. In
general, higher order ABCS are more accurate at
the expense of an increased risk of instability. In
addition, these local ABCS, which use the field
at neighboring space and time nodes, have at
least one adjustable parameter, the effective
permittivity of the waveguide. The choice of the
effective perrnittivity forces the ABCS to absorb
incident waves with a limited range of
propagation velocities. The local ABCS therefore
still produce some small reflections due to the
strongly dispersive characteristics of some
microwave circuits which leads to their narrow
bandwidth characteristics. The objective of this
paper is to present a novel technique to improve
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the performance of match-termination for
normal incidence ABC. By identifying the signal
error flow due to imperfect ABCS in a planar
microwave structure, and by combining the
scattering parameters computed using voltage
and current waves, it is found that errors due to
the imperfect ABCS can be significantly reduced

II: Method of analysis

For the analysis, we assume a Gaussian
pulse is propagating along an open dispersive
microstnp line as shown in Figure 1. This paper
demonstrates the case of a 64 ~m wide
microstrip line etched on 90 Lm thickness GaAs
substrate. The substrate thickness is discretized
into seven cells. The relative perrnittivity of the
substrate is 12.9 and the effective permittivity
varies between 8.2 and 9.6 for the practical
frequency of interest, 1 to 150 GHz. The lateral
and top absorbing boundary sides of the open
structure are modelled by a single impulse where
the reflection coefficients are equal to O and
-0.5644 for the free space and dielectric
interfaces, respectively.

In the computation, the voltage is

determined as a line integral of the electric field

between the conductor and the ground plane.

J
condueta _

v(t) = Ey. ~ (1)
grd plane

Similarly, the current waves can be used
to determine the scattering parameters of
microwave circuits. The current is calculated as
a loop integral of the magnetic field around the
strip:

(2)

Figure 2 shows two dispersed incident
Gaussian pulses, calculated using the discretized
form of equations (1) and (2), and the undesired
reflections from the imperfect ABCS at the +Z
and *X planes. Both incident current and voltage
pulse levels have been normalized to unity to
illustrate the relation between ABC errors in the
two transient responses. Although in the
literature only high order ABCS have been
considered for outgoing waves in the direction of
propagation, this simulation illustrates the
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Figure 1 Analyzed microstrip line structure
(dl=12.85 p,m)

effects of reflections due to boundaries
transverse to the direction of propagation. With
an arbitrary choice of the structure size and pulse
width, the x plane reflections are also noticeable
in the transient response. These reflections can
be identified by changing the position of the x
plane absorbing boundaries. They are very small
compared to the incident pulse.

The different errors due to imperfect
absorbing boundary conditions are summarized
in the error signal flow graph presented in Figure
3. Considering this signal error flow, the voltage
and the current in the frequency domain at the
same reference plane can be represented as:

The total voltage field, V~co) , includes the

incident voltage signal ViBC(W), the three voltage

errors traveling in the +Z direction &~X(W) ,

e&(co) and &~Z(co) and the remaining errors,

&~X(@) , &~~@ and &~Z(CO) propagating in the -z

direction as shown in Figure 3. Using the
discrete Fourier transform, DIW, the reflections
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Figure 2 Transient response of current and
voltage waves at an observation location along a
dispersive open microstrip line (the incident
waves have been normalized to one)

due to boundaries transverse to the direction of

propagation (E~X(W) , EJX(W) ) are smaller than

-55 dB. The errors due to the top plane are
negligible, but they may be important for
antenna applications. However, for a wave
traveling in a planar structure in the +Z

direction, EJO) is the most significant error in

the TLM simulation. The return loss due to these
ABCS in the +Z plane is approximately -30 dB as
shown in Figure 4.

Since equivalent voltage and current
terms are related by the impedance, we can
demonstrate that the most significant errors
propagating in the -z direction can be cancelled
by averaging the complex scattering parameters
of the current and voltage waves. Hence, the
reflection coefficient using this signal averaging
technique (SAT) can be calculated by:
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Figure 3 (Top view) Error signal flow due to
imperfect ABCS in the TLM analysis of an open
microstrip line.

conjunction with the traditional match-
termination ABC, provides a 30 dB
improvement over the match-termination for
normal incident waves computed from voltage
or current waves. In [7] the reflection coefficient
for the second and third order ABCS have been
determined for a dispersive micrc)strip line

etched on a Duroid substrate (ET= 10.2). The

substrate thickness was discretized into 20 cells.
Compared to these published results ~(Figure 4),
the match-termination for normal incidence
combined with the SAT provides improved
performance. It also has very broad band
characteristics compared to the available higher
order ABCS

Similarly, the SAT can be used to
compute the transmission coefficient of planar
microwave circuits:

(1 Vmnsw + $rans(q
S21(0)=j Vi~Jw)

IinC(~) )
(6)

‘@)=45wi!3“)
where VEanJCO) and Itia~~o.)) are respectively

the DFT of the total voltage and current fields
computed at the reference plane 2 as shown in
Figure 3. This formulation has the advantage

The return loss given by equation (5) is that the errors propagating in the -z direction

plotted in Figure 4 and is better than -58 dB cancel but not the field. The transmission

from 1 to 150 GHz. The SAT technique does not coefficient of the GaAs microstrip line computed

exhibit any frequency dependent characteristics by equation (6) does not exhibit any significant

and it is easy to implement, and when applied in gain or loss as is the case when S21(W) is
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calculated from voltage or current waves.
Although the match-termination for normal
incident ABC introduces only small reflections

in the transient responses, the values for &eff

computed from current and voltage fields exhibit
important ripples as shown in Figure 5. Hence,
the effective permittivity is very sensitive to
numerical errors. However, if the signal

averaging technique is used to calculate the e~ff,

these ripples can be removed as demonstrated in
Figure 5.

III: Conclusions

The match-termination for normal
incidence ABC produces considerable
reflections in the analysis of strongly dispersive
microstrip lines. Using the signal averaging
technique, we have demonstrated that most of
the undesired reflections traveling in the
opposite direction of the incident field can be
removed from the frequency domain scattering
parameter results. The return loss has been
improved to better than -58 dB over a wide
bandwidth. This technique does not require any
extra dynamic memory nor a complex algorithm
as compared to higher order ABCS and it does
not exhibit any narrow bandwidth
characteristics.
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Figure 4 Computed reflection coefficients for
different ABCS showing the improvement
obtained by SAT compared to match-termination
for normal incidence and third order Higdon’s
ABCS [7].
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Figure 5 The effective permittivity of a GaAs
microstrip line

454


