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Abstract

This paper presents the design and simulation of a microstrip patch antenna (MPA) which is modeled
by placing several rectangular copper layer with conductive characteristics on a substrate material with
dielectric constant 3.0 and 22x18x1 mm?® geometry. This microstrip path was designed with copper
material which had a very thin thickness for patch and ground. In this study, a change in resonance
frequency and return loss characteristics were observed for several substrate thickness values. The
radiation characteristics of the single and dual band microstrip patch antennas (MPAS) are analysed in
the frequency range of 5 — 25 GHz. The microstrip patch antenna (MPA) radiate at a frequency of 15.32
GHz with -45 dB return loss. For the designed single and dual band MPA design, some electromagnetic
properties such as return loss, surface current and radiation patterns were simulated. The characteristic
of goods and chattels of the proposed antenna are analyzed by using the software CST Microwave
Studio.
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1. Introduction

Nowadays, the wireless data exchange has increased considerably due to the different methods for
the occurrence and use of the data very high demands for high speed wireless communication have
increased [1][9]. A MPA has been broadly put in an application for contemporary wireless
communication systems on account of its worthiness of nominal fabrication expenditure, nominal
silhouette, and unchallenging assembling with circuits [3][8]. For wireless communication, there
is a need for efficient antenna transmitting and receiving data at the highest data transfer rates and
lower transmission power [1]. Data transmission designs operating at Gigahertz operating
frequencies (GHz) provide wide bandwidth, high data rate and secure data transmission. MPA
designs with small dimensions are ideal systems for this situation [4]. MPAs are far-reaching used
in a great deal wireless designs due to their simple design, low cost production, light weight and
integration with other circuits and components [1][6][9].

Dual-band and multi-band MPAs are significant momentousness to present-day wireless
communication systems that set to work in more than one frequency band, since they can save the
magnitude engaged by the antennas, thereby they bring down the dimensions of the undivided
systems [2][7].
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In this article, a MPA design with dual band characteristic is realized. This microstrip antenna
design consists of three layers. The first patch layer consists of several conductive copper
rectangular blocks and f-shaped piece. The second layer is a F4B substrate material with a dielectric
constant of 3.0 and a dimension of 22 x 18 x 1 mm?3. The last layer part which is the ground layer
is the same as the patch layer. The part that is different in this layer is the lowest part of the ground
layer. This part is formed by overlapping two spheres with an y-radius of 2 mm and an x-radius of
8.7 mm.

2. The Proposed Design Of Patch Antenna

The MP of the produced antenna is printed on one side of an F4B substrate. The substrate material
has a close-packed size of 18 x 22 x 1 mm? with a relative permittivity of 3.0. The MPA basically
consists of several rectangular sheets and an F-shape. There are three rectangular blocks which
have size 0.6 x 5.6 mm? and different two rectangular shape which have size respectively 0.6 x 4.2
mm? and 0.6 x 2.8 mm? located to the top of the f-sahape. And two rectangular block which have
size 1 x 7.6 mm? located right and left sides of the F-shapped MPA. And also there are five circles
with a radius of 0.8 mm on the rectangular block at the top and on the right and left of the f-shape.
The ground part of the MPA has almost the same configuration of patch part of the antenna. The
only difference between the patch and the ground is the part at the bottom of the shape of F in the
ground. This part is formed by overlapping two spheres with an y-radius of 4 mm and an x-radius
of 8.7 mm. All widths of the F-shaped patch are equal to h. The structure of F-shaped MPA is
shown in Fig. 1 and the dimensions of the antenna are given in the Table 1 [1].
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Figure. 1. Referance proposed design MPA (a) Top view and (b) bottom view.

Table 1. Dimensions of Parameter For Proposed Patch Antenna

Project Parameters Size (mm)
Rectangular blocs [c,cl, c2,d, e, f] [5.6,4.2,2.8,0.6, 1.4, 1.4]
Strip patch [p,0,n,s R] [5.5,1,7.6,0.5,0.8]

F-Shape (top) [h, k, g1, m u] [0.6, 2.6, 0.6, 6.65, 4, 1.3]
F-Shape (bottom) [t, o,u] [6.9,1,1.3]
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Figure 2 shows the return loss graph of the dual band characteristic microstrip antenna. As can be
seen from the return loss graph, the resonance frequency value is 15.32 GHz and the value of the
S-parameter corresponding to this frequency value is -42.78 dB. This return loss value (the value
of parameter S11) indicates that the electromagnetic wave transmission sent to the microstrip
antenna by the port is performed at a perfect rate. The transmitted electromagnetic signals are
perfectly transmitted by the microstrip antenna inasmuch as a very small proportion of the
electromagnetic signals transmitted by the port are reflected back. On the other hand, as shown in
Figure 2, two resonance frequencies are shown, the first being 15.32 GHz and the second being
20.1 GHz. The first one is the dominant resonance frequency value of 15.32 GHz and the second
one is the resonance frequency value which is recessive with respect to the first resonance
frequency value. The designed MPA achieves a characteristic transmission at the first resonance
frequency (15.32 GHz), mostly. In this way, microstrip antenna designs with two resonance
frequency values represent microstrip antenna designs that demonstrate dual band characteristics.

S-Parameters [Magnitude in dB]
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Figure. 2. Resonance frequency and return loss value for MPA design

3. Simulated Results For Dual Band MPA
3.1. Substrate Thickness Variation

The effect of the thickness of FAB substrate material on the variables such as return loss and
resonance frequency of the microstrip antenna was investigated for the dual band characteristic
microstrip antenna. Thickness values of 0.6 mm, 0.8 mm, 1 mm, 1.2 mm and 1.4 mm were selected
for the thickness of the substrate, and return loss and resonance frequency values corresponding to
these substrate thickness values were observed. The selected substrate thicknesses and the
corresponding parameter values of the microstrip antenna corresponding to these values are given
in Table 2. On the other hand, the selected substrate thickness values and the return loss and
resonance frequency values corresponding to these thickness values are given in Figure 3. The
graph shows the color curves for each thickness value.
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Table 2. Dimensions of Substarte Thickness for Proposed Patch Antenna

Substrate Thickness (mm) Resonance Frequency(GHz) Return Loss (S1.1) (dB)
0.6 20.66 -18.37
0.8 20.32 -28.63
1 15.32 -42.78
12 15.26 -31.74
14 15.14 -19.20

As can be seen from the graph in Figure 3, the substrate thickness value is 1 mm for optimal data
transmission. The best data transmission occurs at this substrate thickness. Resonance frequency
decreases with substrate thickness values over 1 mm. The values of the transmission losses
corresponding to these shrinking resonance frequency values also increase. That is, while the
transmitted data decreases, the values of the reflected data increase. In addition, resonance
frequency values increase at values below 1 mm substrate thickness, while data transmission losses
corresponding to these resonance frequency values increase. As a result, in order to obtain the best
data transmission, the substrate thickness should be 1 mm.
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Figure. 3. Resonance frequency and return loss values for different substrate thickness values

3.2. F-Shape Patch Width Variation

We further investigate the effect of the width of the F-sahapped patch antenna in the return loss
characteristic and resonance frequency. It is observed that the change of S-parameters
characteristics by changing the width of the patch antenna. When the patch width is increased, it is
seen that the resonance frequency shifts from 15.32 GHz to 14.84 GHz. Despite the fact that the
resonance frequency shifts from 15 GHz to 14 GHz, return loss values shift from -42.78 dB to -15
dB. Resonance frequency values and Return Loss (dB) values for different patch widths are given
in Table 3.
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Table 3. Dimensions of F-Shape Patch Width for Proposed Patch Antenna

F-Shape Patch Width (mm) Resonance Frequency (GHz) Return Loss (S1.1) (dB)
0.6 15.32 -42.78
0.7 15.22 -35.84
0.8 15.04 -21.50
0.9 14.84 -15.96

Figure 4 shows the resonance frequency and return loss behavior of the designed antenna due to
changing the width of the F-shaped patch part of the antenna. When the patch width is selected as
0.6 mm, the designed antenna achieves maximum data transmission. The data loss for this patch
width value is -42.78 dB. When the width of the F-shaped patch is increased for the proposed
antenna design, the resonance frequency behaves in the direction of decrease. Due to this behavior,
there is a decrease in data transmission. In other words, there is an increase in the return loss value.
The characteristic response of the designed antenna due to the variation of the width of the F-
shaped patch is given in Figure 4.
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Figure 4. Resonance frequency and return loss values for different f-shape width values

3.3. Measured normalized radiation patterns and surface current of the proposed antenna

Figure 4 shows the simulations of the electric field and magnetic field behavior for the resonant
frequency of 15.2 GHz of the microstrip antenna with dual and broadband characteristics. Figure
4 shows the simulations of the electric field and magnetic field behavior for the resonant frequency
of 15.2 GHz of the microstrip antenna with dual and broadband characteristics. Similarly, the
surface current value is given for the resonance frequency of 15.2 GHz of the microstrip antenna
with dual band characteristic designed in Figure 5.
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Figure 5. Simulated E-field and H-field at 15.2 GHz (a) E-field (b) H-field

A/m

Figure 6. Simulated surface current distribution at the resonant frequency of 15.2 GHz.

3.4. Radiation Patterns Simulations

In Figure 6, the radiation pattern characteristics of electric field, magnetic field, gain and directivity
behaviors are given for MPA with dual and broad band characteristics.
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Figure 7. Simulated band radiation patterns at 15.2 GHz (a) E-field (b) H-field (c) Gain (d) Directivity.

4.Conclusion

The proposed MPA is designed using the CST Studio Suite program. All the simulations were
performed by using this software (CST Studio Suite). The designed antenna showed two band
characteristics, one dominant and the other recessive. When the thickness of the substrate material
for the designed microstrip path antenna is selected as values less than 1 mm (0.8 mm and 0.6 mm),
there is a tendency towards an increase in the resonance frequency. However, in response to this
increasing resonance frequency, the amount of data transmitted by the designed antenna is reduced.
In addition, when the thickness of the substrate material is increased (1.2 mm and 1.4 mm substrate
thicknesses are selected), both the resonance frequency and the data transmission of the MPA show
a characteristic behavior in the direction of reduction. In the light of these datas, it is possible to
say that 1 mm substrate thickness is the best thickness for data transmission of the designed patch
antenna.

The effect of the width of the F-shaped patch on the resonance frequency and return loss values of
the microstrip antenna was investigated. For this purpose, several simulation analyzes were
performed for several patch width values (0.6 mm, 0.7 mm, 0.8 mm, and 0.9 mm). When these
analyzes were performed, the resonance frequency decreased due to the increase of the width of
the patch. In response to these decreasing resonance frequency values, the return loss values of the
antenna decreased. In other words, when the patch thickness is increased, the resonance frequency
and the data transmission of the antenna decrease. Based on this data, we can say that the best patch
thickness of the patch antenna is 0.6 mm for the best data transmission. All these analyzes show
that the designed microstrip antenna is an excellent design for wireless data transmission.
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