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Abstract;

First the surface current distributions
on finite microstrip structures of arbitrary
shape are solved for by the method of
moments utilizing a conventional delta gap
excitation. The Matrix Pencil Techniques is
then used to decompose the currents along
the feed and terminating lines into forward
and backward travelling waves, yielding
scattering parameters of device.  This
approach has been utilized to predict the
input parameters of leaky wave antennas and
for predicting scattering parameters of
printed circuits. Experimental verification
has been carried out to validate the theory.

1. Introduction

All the radiation effects are taken
into account in a dynamic analysis of the
microstrip. This method uses the theory of
wave propagation in layered (stratified)
media, first introduced by Sommerfeld. His
approach was extended to microstrip
structures by Mosig and Gardiol [1], and
Mosig and Sarkar [2].

In this paper, we use the dynamic
approach. We solve the Sommerfeld-type
integral equation by the method of moments
(MoM) [3]. In order to treat arbitrarily
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shaped microstrip patches, we consider
triangular basis functions, first introduced by
Rao etal [4]. We solve for the current
distribution on the structure, and find
forward and backward traveling waves on
the feed lines by use of the Matrix Pencil
method [5,6]. The Matrix Pencil method
decomposes the current along the microstrip
into a sum of complex exponentials which
correspond to the modes propagating along
the microstrip line.

We also compare our results for
scattering parameters over a wide frequency
range for some two-port microstrip devices
with experimental measurements.

2. Menzel’s leaky-wave antenna [7-10]

Menzel presented a new traveling-
wave antenna in microstrip, fed in its first
higher order mode and operated near the
cutoff frequency of that mode. He assumed
the existence of the first higher order mode
on the microstrip with a real propagating
constant. However, in 1976, Ermert [10]
showed that such a mode could not exist in
the given frequency range. The main
significance of his antenna was a high gain
for its short physical length - only 2.23 A,.
He obtained favorable agreement between
his and experimental results; however, he
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failed to explain why this "traveling-wave"
antenna radiated so well with its short
length, and why propagation constant of the
first higher mode is real.

Oliner [8,9] shows that the first
higher order mode has complex propagation
wavenumber (leaky mode) and that this
"traveling-wave" antenna is actually a leaky-
wave antenna, therefore resolving the
contradiction between [7] and [10]. We
analyze the Menzel’s antenna by our
numerical method and compare it with
Oliner’s theoretical and Menzel’s
experimental results.

The geometry of Menzel’s antenna is
shown in Figure 1. Itis a 100 mm long, 15
mm wide section of open-ended microstrip
line, on h=0.794, £,=2.32 dielectric substrate,
fed unsymmetrically with a 50€, 2.3 mm
wide line. We triangularize the structure and
solve for the current distribution on it. We
consider 10 sections across, 60 sections
along the antenna, and two sections across,
50 sections along the feed line. Figure 2
shows the comparison between our results
(solid line for €=2.42, circles for €=2.32)
and experimental results from Menzel’s
paper (dashed line) at an operating frequency
of 6.7 GHz. Our results, obtained for
€,=2.42, coincides with the experimental one,
supposedly measured for substrate of
€,=2.32. The value for ¢ of 2.42 is only
4.3% away from prescribed ¢€=2.32,
therefore within the 5% tolerance range for
the dielectric constant.

Furthermore, Oliner shows that the
current along the Menzel’s antenna at
frequency of 6.7 GHz can be described by a
single complex mode, with its normalized
real (B/k,) and imaginary part (o/k,) of the
propagation wavenumber given in Table 1,
alongside Menzel’s and our results. Menzel
assumed a real propagation constant,
therefore his a/k,=0. We obtain our values
for propagation wavenumber by
decomposing current along one edge of the
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antenna into complex exponentials by our
Matrix Pencil method. Menzel’s, Oliner’s
and our value for B/k, are within 2.5% from
each other, while our value for o/k, is of the
same order as Oliner’s. The relatively large
value of a/k, (= 0.05) explains why
Menzel’s antenna radiates so well despite its
short length (0.23 A,), approximately 65% of
the incoming power is actually radiated.
Leaky-wave antennas are typically designed
to radiate at least 90% of power, Menzel’s
antenna would do so if its length 1is
increased from 100 mm (2.23 A,)) to 217 mm
(4.85 A,). The main beam-width then
reduces from 26° to more practical 14°.

Another useful property of this
antenna is that the position of its main beam
can be swept by a change of the operating
frequency, as demonstrated in Figure 3.
Oliner’s results for the normalized far field
pattern of a 217 mm long version of
Menzel’s antenna is shown for frequencies
of 6.7 GHz (000), 7.5 GHz (xxx) and 8.5
GHz (+++) in comparison with results
obtained by our method (solid line). Oliner
uses € of 2.32, but we consider £=2.42.
The agreement between Oliner’s and our
results is excellent for frequencies of 7.5
GHz and 8.0 GHz, and very good for {=6.7
GHz. If we consider €=2.32, then the far
field pattern for all three frequencies rotates
for approximately 8° counterclockwise, with
no other changes.

3. Gap-coupled ring resonator with a
notch

In case of a ring resonator, two
degenerate modes occur at the resonance
frequency. If the ring resonator is excited
by symmetrical coupling lines, only one
mode will be excited. Due to the
orthogonality of degenerate modes, there will
be no coupling between the two. However,
if the ring is coupled asymmetrically, or if a
discontinuity is introduced in the ring, ¢.g.,



a notch, as illustrated in Figure 4, both
modes are excited. This ring is made on a
h=0.508, €=2.33 dielectric substrate, fed
with 50Q, w=1.51 mm wide lines. As seen
in Figures 5 to 8, our method clearly locates
all cases of split resonance that are captured
in measurements.

4. Conclusion

Use of the triangular basis functions
in conjunction with the method of moments
allowed for characterization of complex,
arbitrarily shaped microstrip patches, over a

broad range of frequencies. The Matrix
Pencil method was utilized for
decomposition of current along the

microstrip lines into various modes, in
addition tot he numerical match-terminating
condition, to solve for scattering parameters
of the device under test. Comparison with
experiment shows an overall very good
agreement with theory.
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w=15mm

1= 100 mm

Figure 1: Geometry of Menzel’s antenna
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Figure 2:
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Figure 3: Normalized far field pattern
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Figure4: Gap-coupled ring resonator

L |

Blko | afko |

Menzel 0.645 | 0.00
Oliner 0.661 | 0.04
Our work | 0.647 | 0.05
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