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Abstract—Microstrip patch antennas are attractive for
communication applications due to their small size, low cost, and
easy fabrication. Regardless of the diverse usage of these
antennas, their bandwidth and efficiency are still limited and
need to be improved. Therefore, this paper aims to enhance the
bandwidth and efficiency of a microstrip antenna by inserting a
slot into various patch designs. Flame Retardant (FR4) material
is used in the dielectric substrate and the antenna is fed by a
microstrip line. Virtually, the antenna performance is attempted
to be optimized through empirical investigations of feedline
lengths, slot sizes and positions, and ground plane dimensions
and locations. To achieve the results, the High Frequency
Structure Simulator (HFSS) is used, and the paper concludes by
showing that the antenna performance is enhanced by the slot,
and the return loss is significantly reduced when the ground
plane is moved to the front surface of the antenna.
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I.  INTRODUCTION

The wuse of microstrip patch antennas in wireless
communications is increasing. Typically, a microstrip patch
antenna comprises of a radiating patch on the front surface and
a ground plane on the back side. A dielectric substrate is used
between the patch and ground plane. There are different shapes
that can be used for the patch, e.g. annular, square, rectangular,
circular, semicircular, elliptical, diamond, hexagonal,
triangular, and bowtie [1]. The microstrip antennas possess
attractive features including the ease of fabrication and
integration with RF devices, low profile, low weight, and low
cost [2, 3]. Therefore, they are suitable for various
communication applications such as cellular phones, Radio
Frequency Identification (RFID) tags, satellite, Global
Positioning System (GPS), missiles, and radar [4, 5].

Although the microstrip antennas are widely used, they still
suffer from narrow bandwidth and low efficiency [1]. For
instance, the bandwidth of the traditional microstrip antenna is
calculated around 2-5% and the maximum gain is ~7dB by
single patch [5]. This can be understood as the electromagnetic
fringing occurs from two patch edges only. In practice,
different antenna parameters can be responsible for improving
the fringing, hence radiation. For example, decreasing the
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dielectric constant or increasing the substrate thickness results
in the increase of the antenna bandwidth [6]. However, the
substrate thickness cannot exceed 0.05A because the antenna
will deliver the power into surface waves instead of transverse
waves, and thus it will stop radiating. Another problem will
arise due to the mutual coupling that reduces the efficiency of
the antenna as well [7].

In general, the performance of a microstrip antenna largely
depends on the patch geometry. Due to this, different patch
shapes have been proposed including diamond, triangular,
hexagonal, bowtie, circular, U-shaped, etc. [8-15]. Moreover, it
has also been shown that inserting slots into the metallic parts
of the antenna can enhance the radiation pattern significantly
while simultaneously simplifying the overall design. For
instance, a microstrip antenna was designed for Ultra-
Wideband (UWB) applications using different shapes of slot in
the ground plane [16]. Another study proposed a wideband
antenna through the insertion of a slot in the ground plane and
stacked patch for the 2.5-3.19GHz application band [17].
Another design used a slotted ground with star and elliptical
patches to create new frequency bands including the Long
Term Evolution (LTE), Wireless Local Area Network
(WLAN), and WiMAX [18]. More wideband and multiband
designs have been recently presented that use a slotted ground
plane as well [19-21]. Nevertheless, the insertion of (or cutting)
a slot in the patch section itself has proven to be more useful
and practical in enhancing the antenna performance. Such
approach has been demonstrated in several researches for
various frequency bands including WiMAX, WLAN, 3G,
microwave, radar, and other application bands [1, 2, 4, 6, 22-
31]. All these researches used slots in rectangular or circular
patch shape with a ground plane being located in the back
surface of the antenna. Therefore, there is a great potential in
investigating different slotted-patch shapes, ground plane
locations, slot sizes and positions, and feedline lengths. This
paper aims to conduct such an investigation to improve the
antenna resonance characteristics in the 1-12GHz frequency
range that belongs to the Super High Frequency (SHF) band.
According to the IEEE radio band designations, this frequency
region mainly covers the C-band and X-band applications,
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which involve satellites, Wi-Fi, cordless
surveillance, radar, and weather radar systems.

telephones,

The microstrip patch antenna is likely to be fed by either a
contacting or a non-contacting method. A contacting method
utilizes a connecting element such as a coaxial cable or a
microstrip line to feed the patch with RF power. In contrast, the
non-contacting method involves the coupling of an
electromagnetic field between the patch and a microstrip line
[32]. This paper involves contact feeding because it is
comparatively cheaper and easier to model and fabricate. The
connecting element is a microstrip line since it yields better
bandwidth in comparison to the coaxial cable and it can also be
etched on the same substrate to provide a planar structure [33].

II. METHODOLOGY

The results of this research were obtained with the use of
the HFSS software, which is a well-recognized design
simulation platform for antennas. To start up, the initial
dimensions of the different antenna sections were based on
calculations and measurements obtained in a past study [34].
Then, the feedline and ground lengths varied between 3.7 and
25.7mm, whereas the feedline width was fixed at 2.8mm. The
substrate dimensions are fixed at 1.6mm height (thickness),
50mm length, and 42mm width to maintain a small overall
size. The current study also makes use of an already presented
approach for planar monopole antennas [35] in which the
ground plane was moved to the front side of the antenna and
the designer compared six different patch shapes (rectangular,
circular, elliptical, diamond, hexagonal, and triangular) without
adding a slot. In this project, we aim to improve the
performance by cutting a slot into the same six patch
geometries and dimensions using both ground-back and
ground-front situations. The main issue is that the size and
position of the slot has to be optimized, and there is no specific
algorithm to define such parameters. To solve this issue in the
HESS, an optimization property is used where a huge number
of slot values are compared over a short period of time. This
feature is used in every experiment demonstrated below such
that the slot dimensions and position along with the other
antenna values (e.g. feedline and ground lengths) are all
empirically optimized. The FR4 material is used in the
dielectric substrate due to its availability and low cost. The
dielectric constant is chosen to be 4.35 during the simulations.

III. DESIGN AND RESULTS

The different patch designs were simulated in the following
order: triangular, diamond, circular, elliptical, hexagonal, and
rectangular. Each design is examined without and with a slot in
the ground-back and ground-front condition respectively.

A. Ground-Back Triangular Patch

In the ground-back triangular patch without slot, the best
empirical base width of the patch is 6mm and the feedline
length is ~6mm, whereas the ground length is 13.7mm. The
ground width is equal to the substrate width in all ground-back
experiments. As a result, the minimum reflection coefficient
(return loss) is —16dB and the frequency bandwidth is
0.7266GHz. After adding a rectangular slot, the return loss is
improved as the minimum reflection is reduced to —36dB, and

the bandwidth becomes 0.637GHz. The best empirical length
and width of the slot are 6 and 4mm respectively, and the slot
center is positioned at (10, 2, 1.503) mm, given that x is the
vertical axis, y is the horizontal axis, and z is the patch
thickness that is fixed throughout the paper. Figures 1 and 2
show the design and S11 results as taken directly from the
HESS for the ground-back triangular patch without and with
slot respectively. Note that positive x is towards the bottom in
our view, while negative x would be towards the top.
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Fig. 1. Ground-back triangular patch without slot. Design and results.
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Ground-back triangular patch with slot. Design and results.

Fig 2.

B. Ground-Front Triangular Patch

The ground-front triangular antenna has an empirical
feedline length of 13.77mm, whereas the ground length and
width are 10.58 and 18mm respectively. Note that these ground
dimensions belong to one section since the entire front ground
is composed of two symmetrical sections around the feedline.
Without slot, the minimum reflection coefficient is —26dB and
the bandwidth is 0.8847GHz. These values improved after
adding a rectangular slot. The minimum reflection was reduced
to —45.46dB and the bandwidth was increased to 1.2428GHz.
The empirical length and width of the slot are 2 and 8mm
respectively, and the slot position is (8, 4, 1.503) mm. Figures 3
and 4 show the design and results of the ground-front triangular
patch without and with slot respectively.

C. Ground-Back Diamond Patch

The ground-back diamond antenna has an empirical
feedline length of 13.7912mm and a ground length of 13.7mm.
Its minimum reflection without slot is —13dB and its bandwidth
is 3.404GHz. After adding a rectangular slot of 2mm length
and 8mm width, the minimum reflection coefficient becomes
—16.69dB and the bandwidth is increased to 4.9577GHz. The
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optimal slot position is (1, 4, 1.503) mm. Figures 5 and 6 show
the design and results of the ground-back diamond patch
without and with slot respectively.
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Fig. 3. Ground-front triangular patch without slot. Design and results.
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Fig. 4. Ground-front triangular patch with slot. Design and results.
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Fig. 5. Ground-back diamond patch without slot. Design and results.
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Fig. 6. Ground-back diamond patch with slot. Design and results.

D. Ground-Front Diamond Patch

The ground-front diamond patch has an optimal feedline
length of 13.78mm, whereas the ground length and width are
13mm and 19mm respectively. The minimum reflection
coefficient obtained by this setting is —16dB, while the
bandwidth is 2.2949dB. After adding a rectangular slot, the
minimum reflection is decreased to —22dB and the bandwidth
becomes 2.996GHz. The empirical slot position is (6, —4.1,
1.503) mm, while its length and width are 2 and 8mm
respectively. The design and results of the ground-front
diamond antenna without and with slot are shown in Figures 7
and 8 respectively.
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Fig. 7. Ground-front diamond patch without slot. Design and results.
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Fig. 8. Ground-front diamond patch with slot. Design and results.

E. Ground-Back Circular Patch

The ground-back circular patch has a feedline length and a
ground length of 14.94mm and 13.77mm respectively. The
minimum reflection coefficient achieved is —18dB, while the
bandwidth is 7.2718GHz. After adding a rectangular slot with
2.5mm length and 12mm width, the minimum reflection is
reduced to —25.108dB and the bandwidth is increased to more
than 10.4978GHz. The optimal slot position is (4.6, 6, 1.503)
mm. Figures 9 and 10 show the design and results of the
ground-back circular patch without and with slot respectively.

F. Ground-Front Circular Patch

In the ground-front circular patch without slot, the best
feedline length is 13.7873mm, whereas the ground length and
width are 13 and 19mm respectively. The minimum reflection
reaches —37.8dB, while the bandwidth is 10.4006GHz. After
adding a circular slot, the minimum reflection is reduced to
—43.53dB and the bandwidth becomes 2.4386GHz. The slot is
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positioned at (1, 0, 1.503) mm and its best radius is 9mm.
Figures 11 and 12 show the design and results of the ground-
front circular antenna without and with slot.
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Fig. 9. Ground-back circular patch without slot. Design and results.
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Fig. 10.  Ground-back circular patch with slot. Design and results.
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Fig 11.  Ground-front circular patch without slot. Design and results.
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Fig. 12.  Ground-front circular patch with slot. Design and results.

G. Ground-Back Elliptical Patch

In the ground-back elliptical antenna without slot, the best
feedline length is 14.857mm, whereas the ground length is

13.694mm. The major (vertical) patch radius is marked at
8.99mm. The minimum reflection obtained by this setting is
—16dB and the bandwidth is 2.69498GHz. After adding a
circular slot with Imm radius at (3, 0, 1.503) mm, the
minimum reflection is reduced to —20.1dB and the bandwidth
becomes 2.4321GHz. Figures 13 and 14 show the design and
results of the ground-back elliptical patch without and with slot
respectively.
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Fig. 14.

H. Ground-Front Elliptical Patch

The ground-front elliptical patch has a feedline length of
13.691mm, and ground length and width of 11.281 and
18.294mm respectively. Without slot, the minimum reflection
coefficient is —28.3dB and the bandwidth is 4.0545GHz. After
adding a rectangular slot with 15mm length, 2mm width at
(-4, -1, 1.503) mm, the minimum reflection becomes
—26.33dB and the bandwidth 3.3892GHz. The design and
results of the ground-front elliptical antenna without and with
slot are shown in Figures 15 and 16.
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Fig. 16.  Ground-front elliptical patch with slot. Design and results.

1. Ground-Back Hexagonal Patch

The ground-back hexagonal antenna has a feedline length
of 13.79mm and a ground length of 13.811mm. Initially, the
minimum reflection coefficient is —14dB and the bandwidth is
4.9615GHz. After adding a rectangular slot, the minimum
reflection is significantly reduced to —31.82dB and the
bandwidth increases to 5.9599GHz. The best length and width
of the slot are 3 and 10mm respectively, while the slot is
positioned at (8, —5, 1.503) mm. The design and results of the
ground-back hexagonal patch without and with slot are shown
in Figures 17 and 18 respectively.
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Fig. 17.  Ground-back hexagonal patch without slot. Design and results.
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Fig. 18.  Ground-back hexagonal patch with slot. Design and results.

J.  Ground-Front Hexagonal Patch

The ground-front hexagonal patch has a feedline length of
13.7mm, a ground length of 11.42mm, and a ground width of
18.64mm. The minimum reflection in the results is —48dB and
the bandwidth is 6.6282GHz. After adding a rectangular slot,
the minimum reflection coefficient is decreased to —63.82dB

and the bandwidth is slightly increased to 6.7028GHz. The slot
is optimally positioned at (3, 0.5, 1.503) mm, while its length
and width are 3mm and 1mm respectively. The design and
results of the ground-front hexagonal antenna without and with
slot are shown in Figures 19 and 20 respectively.
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Fig. 19.  Ground-front hexagonal patch without slot. Design and results.
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Fig. 20.  Ground-front hexagonal patch with slot. Design and results.

K. Ground-Back Rectangular Patch

The ground-back rectangular antenna has a patch width of
8mm, a patch length of 7.9mm, a ground length of 12.85mm,
and a feedline length of 13.67mm. The minimum reflection
coefficient is —16dB and the bandwidth is 4.8413GHz. After
adding a rectangular slot, the minimum reflection reaches
—19.26dB, while the bandwidth becomes 4.6181GHz. The slot
is positioned at (3, 3, 1.503) mm and its length and width are 1
and 6mm respectively. The design and results of the ground-
back rectangular patch without and with slot are shown in
Figures 21 and 22 respectively.
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Fig. 21.  Ground-back rectangular patch without slot. Design and results.
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N L"Z;:? TABLE L. GROUND-BACK RESULTS WITHOUT SLOT
Z:: ) e Patch f fu Frequency Minimum
03 = == shape (GHz) (CHz) bandwidth | reflection coefficient
900 —z (GHZ) (dB)
P Triangular 9.8728 | 10.5994 0.7266 -16
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Fig 22.  Ground-back rectangular patch with slot. Design and results. Frequency Minimum
Patch fi fu . . L .
shape (GHz) | (GH2) bandwidth | reflection coefficient
L. Ground-Front Rectangular Patch (GHz) (dB)
. Triangular | 6.7817 | 7.4187 0.637 -36
Iq the groupd-front rectangular antenna without slot, the Diamond 1 1.9777 | 6.9354 29577 16.60
feedline length is around 13.7mm, whereas the ground length is Circular 15022 | >12 | >104978 25108
10.30mm. Moreover, the patch length, patch width, and ground Elliptical | 7.3144 | 9.7465 24321 201
width are 8, 8, and 19.02mm respectively. As a result, the Hexagonal | 1.8174 | 7.7773 50599 3182
minimum reflection is —27.6dB and the bandwidth is Rectangular | 4.7728 | 9.3909 4.6181 -19.26
4.1025GHz. After adding a rectangular slot, the minimum
reflection reaches —40.7dB and the bandwidth is increased to TABLEIIL. ~ GROUND-FRONT RESULTS WITHOUT SLOT
49577GHz if the patch length and width are empirically F —
. X requency Minimum
increased to 20mm. The best length and width of the slot are 2 Patch fi Su bandwidth | reflection coefficient
and 10mm respectively. Figures 23 and 24 show the design and shape (GHz) | (GHz) (GHz) (dB)
results of the ground-front rectangular antenna without and Triangular | 1.3974 | 2.2821 0.8847 26
with slot respectively. Diamond | 1.5769 | 3.8718 2.2949 -16
Circular 1.5759 | 11.9765 10.4006 -37.8
. XY Plot5 HFSSDesignt &, Elliptical 1.5171 5.5716 4.0545 -28.3
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] Triangular 1.3229 | 2.5657 1.2428 —45.46
N Diamond | 1.7971 | 4.7931 2.996 22
0w o‘ 2bo abo mgbigw 800 1000 1200 Circular 1.4909 3.9295 2.4386 —43.53
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. . . Hexagonal 1.3280 | 8.0308 6.7028 —63.82
Fig. 23.  Ground-front rectangular patch without slot. Design and results. Rectangular | 1.3229 | 6.2806 29577 4079
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Fig. 24.  Ground-front rectangular patch with slot. Design and results.

Tables I and II summarize the entire ground-back results
while Tables III and IV summarize the entire ground-front
results, for the different patch shapes without and with slot
respectively.

IV. CONCLUSIONS

This paper presented ways to improve the resonance
characteristics of a microstrip patch antenna in the SHF band.
The study involved the addition of a slot into different patch
shapes as well as moving the ground plane to the front side of
the antenna. The HFSS software was used, and the results
showed that the slot insertion and the use of front ground
decreased the minimum power reflection significantly in most
of the considered cases. That occurred due to the enhancement
of electromagnetic fringing. As a result, the best reflection was
achieved by the ground-front slotted hexagonal antenna since
the minimum reflection coefficient reached —63.82dB whereas
it was —48dB without a slot. Other good results were obtained
by the ground-front slotted triangular, circular and rectangular
antennas where the minimum reflection reached —45.46,
—43.53, and —40.79dB respectively. In addition, the insertion of
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a slot resulted in improving the antenna bandwidth in most
cases, including the ground-front triangular, ground-back
diamond, ground-front diamond, ground-back circular, ground-
back hexagonal, ground-front hexagonal, and ground-front
rectangular antennas. In conclusion, all the slotted designs
presented in the paper are highly recommended for fabrication.
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