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Abstract: This work analyzes the influence of a modified ground plane on a microfiche antenna with a
circular patch on a rectangular substrate. The considered modification is the connection of a rectangular
border to a central circle. When considering the change, better bandwidth is achieved leading to an
increase of 122%. The prototype is built so that measured and simulated data can be compared.
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1. Introduction

Antennas are devices that radiate or receive radio
waves [1] and play an important role in
communication systems. The performance of these
devices influences the efficiency of the systems of
which they are part, and to describe this
performance it is necessary to analyze several
parameters. The parameters to be analyzed depend
on the application and may show a radiation pattern,
directivity, gain and bandwidth.

Among the various types of antennas, one of the
most used types, due to their characteristics for
application in modern communication systems are
microwaveable antennas [2]. These antennas are
made up of a dielectric substrate that has a ground
plane on its bottom and a patch on its top. As an
advantage, these antennas stand out for the ease of
molding flat and non-flat surfaces, simple
construction, low cost, versatility in terms of
resonance frequency pattern, impedance and
radiation. As a disadvantage, we can mention the
low efficiency, directivity, as well as the bandwidth
of a few percent [3].

The antenna patch can have several geometric
shapes and one of the geometric shapes that we can
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mention is the circular patch. A disk microfiche
antenna has been proposed using an arrangement of
conductive pathways connecting the patch to the
modified ground plane with curved branches [4].
This antenna is designed to cover the 2.4 GHz band
and a better bandwidth has been achieved. Changes
were made to the ground plane using a broken ring
resonator to improve the bandwidth [5]. The broken
ring resonator was also used inside a circular
opening in the ground plane to create band rejection
in a UWB planar antenna [6].

The metamaterial has been applied to improve the
gain of a circular microfiche antenna developed for
the detection of partial discharges and an increase of
1.15 dB in the average gain of the reference antenna
has been verified [7]. Circular geometry was also
used in array for the project of aplication in
Wireless Sensor Network (WSN), and it was found
that the circular patch antenna produces more gain
and less return loss compared to rectangular antenna
[8].

Patch changes can be seen in a unique patch
design by small modifications of the combined
semicircular and triangular structures and the
properties were verified through computer
simulations [9]. The integration of symmetric
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circular clusters of shorting pins (CCSP) in circular
microstrip patch antenna resulted in a relative
suppression in XP levels of around 51 dB at the
boresight and an average of 30 dB around +60° on
either side of the boresight in both the principal
radiation planes [10]. The design and impedance
analysis of a reactive Impedance surface (RIS) is
made using a periodic arrangement of circular
patches, which leads to a miniaturization of 55.03%
[11].

As you can see, circular geometry is well used and
several modifications to the antennas are considered
by several authors. In order to enrich the literature
in this study, this work proposes to analyze the
behavior of a change in the ground plane of an
antenna with a circular patch on a rectangular
substrate. The modification is made considering a
central circle the same size as the patch and an edge
with width equal to the feed line. The circle and the
border are connected by lines. The next section
shows the design of the antenna.

2. Design of the Antenna

For a standard antenna, an antenna with a
circular patch of radius r = 3.7 mm was proposed,
obtained from the cavity method [3] using equation
1.

F

r= - . iz
[L+ﬁ[fﬂ|:—;}+1.‘725_} (1)
where h is the thickness of the substrate, er is the

relative permittivity and
F=t 75L-107

ey (2)
being fr the operating frequency.

Feeding is by a microfiber line of length b = 3.68
mm and a width w = 1 mm. The substrate used is of
the square type, and the material used is fiberglass
(FR4) with relative permittivity (er) of 4.4 and
thickness of 1.52 mm.

A change in the ground plane is proposed in
order to obtain an increase in the bandwidth of this
antenna. This modification is made considering a
central circle the same size as the patch and an edge
with the same width as the feed line. The circle and
the border are connected by lines with the same
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thickness as the feed line. Fig. 1 below shows the
geometry of the antenna.

Fig. 1. Ge(;;netry of the patch of the proposed
antenna.

Fig. 2. Geometry of the ground plane of the
proposed antenna.

The results of the simulations and the measured
results of the prototypes built are described in the
following section.

3. Results

For the standard antenna and for the proposed
configuration for the ground plane described in the
previous section, simulations were performed to
obtain values of return loss and bandwidth. Fig. 2
shows the return loss curves as a function of the
resonance frequency.
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Fig. 3. Simulated return loss values (S11) as a
function of the operating frequency for standard and
proposed antenna.

The standard antenna has a return loss of -14.9 dB
with a resonance frequency of 10.22 GHz. The
proposed antenna has a return loss of -17.42 dB
with a resonance frequency of 10.36 GHz.
bandwidth of the standard antenna is 643 MHz or
6.29%, while the proposed antenna has a bandwidth
of 1430 MHz or 13.8%, showing a large increase.

In relation to the radiation diagrams, Fig. 3 shows
the 2D diagram and Fig. 4 shows the 3D diagram of
the standard antenna. Fig. 5 shows the 2D diagram
and Fig. 6 shows the 3D diagram of the proposed
antenna.
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Fig. 3. 2D diagram of the standard antenna.
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Fig. 4. 3D diagram of the standard antenna.

Fig. 5. 2D diagram of the proposed antenna.

o

Fig. 6. 3D diagram of the proposed antenna.
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As you can see, the standard antenna has a gain of
3.8255 dB and the proposed antenna 3.7162 dB,
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which shows a small loss due to cuts in the ground Fig. 9. Current distribution in the patch of the
plane. proposed antenna.

Fig. 7 and 8 show the current distribution in the
patch and ground plane of the standard antenna.

Figures 9 and 10 show the current distribution of the I
proposed antenna.
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Fig. 10. Current distribution on the ground plane
of the proposed antenna.
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Fig. 7. Current distribution in the patch of the
standard antenna.

In the standard antenna, the currents are
concentrated in the supply line and in the edges of
the patch, as well as in the ground plane, in the
region opposite the beginning of the supply line. In
the proposed antenna, the current is also
concentrated at the edges of the patch and the power
line. However on the ground plane, there is a
concentration of current at the edges of the present
lines.

A prototype of the proposed antenna was built and
the images are shown in Fig. 11 and 12.

Fig. 8. Current distribution on the ground plane of
the standard antenna.
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Fig. 12. Back view of the antenna built.

The return loss measurements were performed and
the measured and simulated data were compared.
This comparison is shown in Fig. 13.

—&— Measured
—O— Simulated

Return Loss (dB)
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Fig. 13. Simulated and measured return loss for the
proposed antenna.

The measured data show a small difference from the
simulated data. However, a good approximation can
be seen.

4 Conclusions

In this work a microfiche antenna was proposed and
its properties were analyzed using computer
simulations. When considering a land plane as a
central circle connected by lines to the rectangular
border, an improvement in bandwidth is achieved.
While the standard antenna has a bandwidth of 643
MHz, the proposed antenna has a bandwidth of
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1430 MHz, showing an increase of 122%. Radiation
diagrams and current distribution were also
analyzed. The antenna prototype was built and the
measured data were compared with the simulated
ones showing good agreement.
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