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ABSTRACT

A fullwave analysis of microstrip open-end discontinuities
in an open environment is presented. The analysis differs
from previous work [1,2,3] in that it includes the effects of
both longitudinal and transverse current on the strip and

mode conversion near the open end. The effects of space

wave and surface wave radiation are included by making
use of the exact spectral domain Green’s function. The
inclusion of transverse current in the analysis allows the
analysis to be extended to electrically wide strips. Results
of the calculation of the complex reflection coefficient are
presented for both narrow and wide strips.

INTRODUCTION

Microstrip open-end discontinuities in open environments
have been analyzed previously by James and Hender-
son {1], Jackson and Pozar [2], Katehi and Alexopolous
[3],and Yang and Alexopolous [4]. James and Hender-
son developed a variational expression for the complex
end admittance of the open-end termination by making
use of a quasi-TEM assumption. The other three anal-
yses used a more rigorous source formulation based on
the fundamental mode of a uniform microstrip. However,
all four analyses include only the longitudinal current on
the strip. Rigorous spectral domain analysis of uniform
microstrip shows that the transverse current can be ap-
preciable even on electrically narrow strips. Therefore the
effects of the transverse current should be included in the
analysis. This study includes the effects of both longitu-
dinal and transverse currents and incorporates the proper
edge conditions for each component of the current at the
edges of the strip and the open end of the strip.

METHOD

The computational method consists of two parts. In the
first part the conventional spectral domain method [5,6,7,8]
is used to compute the propagation constant and the
longitudinal and transverse currents for the fundamental
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mode on an infinitely long open microstrip. The source
current to be used in the second part of the method is
then given by:

M
J:aurce(x’z) — E aszm(CII) eXp(“*]ﬂZ)

m=1

N
Joowree(g,z) = Y buJon(x) exp(—jBz)
nz=1

The functions J,,, and J,, are the Maxwellian basis
functions defined in [8] and [9]. They include the proper
edge condition for the longitudinal and transverse current
at the edges of the microstrip. The constants a...an ,
by ...by and B, the propagation constant are determined
in the spectral domain analysis.

In the second part of the method, the microstrip is
divided into two overlapping regions, a uniform region far
away from the open end and a perturbed region near the
open end as in [1,2,3,10] . In the uniform region the cur-
rent is assumed to consist of only the fundamental mode.
This will be true if the higher order modes are either leaky
or evanescent. The current in the uniform region is rep-
resented by the source function and a reflected wave with
an unknown amplitude, I'.

M
Tyt (@, 2) = 3 amJm(2)(exp(—jB2)—T exp(+i2))

m=1

N
J;miform(m, z) — Z anzn(m)(exp(—jﬂz) + I‘exp(+j52))

n=1

The longitudinal dependance of the current in the per-
turbed region near the open end is augmented with piece-
wise linear (rooftop) subsectional basis functions which
are defined in [10]. The piecewise linear functions allow
a reasonable approximation to the edge condition for the
both the transverse and the longitudinal currents at the
open end. The transverse dependance of the current in
the perturbed region is represented with Maxwellian ba-
sis functions with variable coefficients. This takes into
account mode conversion in the perturbed region. There-
fore, the current in the perturbed region is given by
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where F,(z) and Fy(z) are piecewise linear subsectional
basis functions.

The spectral domain equations describing the discon-
tinuity are [9]:

Zo(e, B)T e, B) + Zoolr, B) (e, B) = Es(ax, B)
Zoo(0, B)J (e, B) + Zoolt, B)To(ex, B) = Eo(, B)

where Z,,...Z,, are the components of the spectral do-
main dyadic Green’s function, J, is the Fourier transform
of the total longitudinal current, J, is the Fourier trans-
form of the total transverse current, E, is the Fourier
transform of the z-directed electric field at the dielectric
interface, and E, is the x-directed electric field at the
dielectric inteface.

The set of coupled algebraic equations is tested in the
spectral domain to generate a system of linear equations
for the PK + LQ + 1 unknowns, ¢11...cpx,dn - .- dor,
and I'. Because of the method used to test the equa-
tions, the resultant linear system is over-determined and
is therefore solved via a least squares method. T is the
complex reflection coefficient for the fundamental mode.
From ¢11...cpk,dis ... dgr, and T, the current over the
entire strip can be determined.

RESULTS

In Figures 1 and 2, the longitudinal (z-directed) current
and the transverse (x-directed) current on an open cir-
cuited microstrip line are plotted to show the edge condi-
tions for a typical case. The characteristics are as follows:

o Relative dielectric constant, eg : 12.8
e Substrate height, » = .300 mm

e Strip width, w = .600 mm

e Frequency = 4.00 GHz

It can be seen that the piecewise linear functions allow
the edge conditions at the open end for both the trans-
verse current and the longitudinal current to be accu-
rately modeled.

In order to verify the method as much as possible
the results were compared with existing data and calcula-
tions. Figures 3 and 4 show the magnitude and phase of
the reflection coefficent for an open circuit discontinuity
with the following characteristics:
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¢ Relative dielectric constant, ex : 9.9

¢ Substrate height, A = .635 mm

o Strip width, w = .600 mm
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Figure 1
Magnitude of the longitudinal (z-directed)
current on the strip
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Figure 2
Magnitude of the transverse (x-directed) current on the
strip



This line is very narrow electrically; at 20 GHz the
line is still only 0.04 free-space wavelengths wide. There-
fore the inclusion of the transverse current makes no dis-
cernable difference in the reflection coefficient value. The
phase agrees well with the measured data in [11] (the
magnitude was not presented in[11]) and with calculated
data in [12], [13], and [4].

The magnitude of the reflection coefficient for an open-
circuited microstrip line of width .1\ on a substrate with
a relative dielectric constant of 12.8 is shown in Figure 5.
In the same figure the magnitude of the reflection co-
efficient is shown calculated including only longitudinal
current on the strip as in [2]. It can be seen that for nar-
row lines such as this one the inclusion of the transverse
current makes little difference in the magnitude of the re-
flection coeflicient for small values of /\io. However near
the cutoff of the first TE surface wave, it is seen that the
magnitude of the reflection coefficient displays a more pro-
nounced trough and peak. This seems reasonable because
the transverse current tends to store energy (as opposed
to radiating) thereby increasing the frequency sensitivity
of the reflection coefficient.

Also in Figure 5, the magnitude of the reflection coef-
ficient for an open-circuited microstrip line of width .15\
on a substrate with a relative dielectric constant of 12.8
is shown. It can be seen that the wider line has a more
pronounced resonance at the cuton of the first TE sur-
face wave mode. This is because the transverse current
tends not to radiate but instead to store energy at the
open-end.

CONCLUSIONS

Electrically wide microstrip open-circuit terminations have
been analyzed using a deterministic spectral domain met-
hod. It has been shown that the the transverse current
in the microstrip has a significant effect on the reflection
coefficient especially near the cutoff frequencies of surface
wave modes.
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Magnitude of Reflection coefficient versus frequency
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Figure 4
Phase of Reflection coefficient versus frequency
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