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ABSTRACT

This paper presents the results of the designed and simulated
microstrip patch antennas geometries at 5G network frequency band.
The microstrip patch antennas geometries namely circular,
rectangular, and square were designed using CST Microwave Studio
software and simulated at 5.3 GHz and 7.5 GHz. The performance of
the designed antenna parameters, specifically; gain, directivity, of
Power radiated, and antenna efficiency were evaluated for the patch
geometries. The result of the simulation showed that the designed
rectangular microstrip patch antenna has the best performance
metrics of the three compared patch geometries at 5G network

frequency band.
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L. INTRODUCTION

Generally, Microstrip Patch antennas (MPAs) are
antennas of the low profile which can be mounted on
a substrate. Low-profile antennas are always required
for high-performance applications where size, ease of
installation, cost, weight, and performance are
constraints. They can be used interchangeably for
applications such as mobile radio and wireless
communications that have similar specifications
[1].They are becoming increasingly useful because
they can be printed on circuit boards and have
become widespread within the mobile phone market
[2]. MPAs are highly in demand because of their
enormous benefits like small size, low cost,
lightweight but still have some flaws like narrow
bandwidth, low efficiency, low gain, surface wave
excitation, and poor tolerance control of the dielectric
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constant at higher microwave frequencies [3,4].
Bandwidth enhancement and size reduction are
becoming major design considerations for the
practical application of MPAs [5,6]. The MPAs are
usually formed from etching a patch of conductive
material on a dielectric material also known as
substrate. It consists of a very thin metallic patch
whose thickness is far lesser than the free—space
wavelength (figure 1).The antenna is designed so that
the maximum radiation pattern is normal to the patch
[1]. The objective of the paper is to simulate and
compare the performances of MPAs at 5G frequency
band using Rectangular, Circular, and Square
geometries so as to present the most compatible and
efficient geometry for 5G frequency applications.
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Figure 1: Microstrip Patch Antenna design [7]

IL. Materials and Method

To evaluate the performance of the patch geometries, single element circular, rectangular and square patch
antennas were designed and simulated using CST Microwave studio. FR4 epoxy, with a dielectric constant of
4.3 and thickness of 1.6 mm was used as the substrate while pure copper with a thickness of 0.035 mm was used
as the material for the conducting elements (patch and ground) of the antennas and was fed using microstrip feed
line technique. The single element antenna geometries were simulated at 5G frequencies of 5.3 GHz and 7.5
GHz.

III.  Microstrip Patch Antenna Geometry Design
According to [8], the width of the rectangular patch was calculated using:

w==< |2 (1)

2F 4] sr+1

Also, the length L of the rectangular patch was calculated using [9]:

L=Lgr— 20AL )
Where,
Lepr= ﬁ -
- S o
where,

+1 -1 h
Erefr= 3+ T ,1 +12- (5)

where AL is the correction length factor, L. is the effective length, and &, is the effective dielectric constant

of the substrate material. The length and width of the substrate were taken to be twice the dimension of the patch
length and width respectively. For the square MPA design, the width of the design was taken as the width of the
rectangular MPA.

The dimension of the circular patch was treated as a circular loop, so according to [10] the dimension of the
circular patch was calculated using:

F
a= T (6)
zh z
1+ ﬁ[] n(:j—h?)-l-l.??ZE]]
5
Where Fis given as, F = BT A
nEr

The equation (6) does not take into consideration the fringing effect, and since the fringe effect makes the patch
electrically larger, thus the effective radius of the circular patch was deduced using;
2

a,=af{1+2—[in(Z) + 17726]} 7)

TErd

The dimensions of the designed MPAs geometries are shown in table 1, and the designed geometries are as
shown in figure 2.
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Table 1: Dimensional Specifications of the Designed Circular, Rectangular and Square MPAs
Frequency Rectangular patch Rectangular Patch

Square Patch  Circular Patch

(GHz) Length (mm) Width (mm) Length (mm) Radius (mm)
53 17.21 12.93 17.21 8.67
7.5 12.16 8.88 12.16 6.41

Figure 2: Designed and Simulated Circular, Rectangular and Square MPA Geometries.

Iv.

Simulation Results

The power radiated by an antenna is the measure of the antenna’s strength or power directed in the main lobe
[12]. Figure 3a to 3f show the power radiated by the designed and simulated MPAs geometries at SG network
frequencies of 5.3 GHz and 5.7 GHz respectively. The power radiated by these geometries were measured from
figures 3a to 3f and presented in table 2.
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Figure 3: Radiation Patterns of the designed and simulated MPAs geometries; (3a) Circular MPAs at 5.3 GHz
(3b) Rectangular MPAs at 5.3 GHz (3c¢) Square MPAs at 5.3 GHz (3d) Circular MPAs at 7.5 GHz (3e)
Rectangular MPAs at 7.5 GHz (3f) Square MPAs at 7.5 GHz

Table 2: Power radiated by the designed and simulated Circular, Rectangular and Square MPAs

Frequency (GHz) Power Radiated (W)
Circular Rectangular Square
53 0.071 0.176 0.021
7.5 0.072 0.03 0.041
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The antenna gain is similar to antenna directivity in terms of definition. The distinction between these two
antenna characteristics is that gain considers both the antenna's efficiency and directivity, therefore the gain of a
lossless antenna is equal to its directivity[11].The directivity of an antenna is equal to the ratio of the maximum
power density to its average value over a sphere as observed in the far-field of an antenna. The evaluated gain,
directivity and efficiency of the designed and simulated MPAs geometries estimated from the power radiated in

figures 3a to 3f are shown in table 3.

Table 3: Gain, Directivity and Efficiency of the designed and simulated MPAs

5.3 202] 2.64 |-1.69 634 | 621 | 587 032 | 0.43 |-0.29
7.5 2001 3.12 | 1.16 | 6.03 | 5.77 1 6.26 | 032 | 0.54 | 0.19
V. Discussion Available from:

The performance of the designed and simulated
MPAs parameters were compared as shown in table 2
and table 3. The results from table 2 showed that the
designed and simulated rectangular MPA has the
highest radiated power of 0.176 W at 5.3 GHz
followed by circular MPA which radiates 0.071 W.
Square MPA has the least radiated power of 0.021 W
at 5.3 GHz. Meanwhile, circular MPA has the highest
radiated power of 0.072 W at 7.5 GHz followed by
square MPA with 0.041 W while rectangular MPA
has the least radiated power of 0.03 W at 7.5 GHz.

Observations from table 3 show that the designed and
simulated rectangular MPA has the highest gains with
peak values of 2.64 dBi and 3.12 dBi at 5.3 GHz and
7.5 GHz followed by circular MPA with gain values
of 2.02 dBi and 2.0 dBi at 5.3 GHz and 7.5 GHz
respectively. Moreover, circular MPA has the highest
directivity of 6.34 dBi at 5.3 GHz while square gave
the highest directivity of 6.26 dBi at 5.7 GHz.
Furthermore, the results also show that the designed
and simulated rectangular MPA is the most efficient
of the three MPAs geometries with an efficiency of
0.43 and 0.54 at 5.3 GHz and 7.5 GHz followed by
circular MPA whose efficiencies are the same at both
frequencies.

VI.  Conclusion

This work has revealed that MPA geometry has
critical influence on its performance parameters
particularly radiation pattern, radiated power, gain,
directivity and efficiency. Rectangular MPA which
gave the overall best performance will be most
suitable and compatible for use as MPA in 5G
network transceiver devices at the lower and mid
frequency band, specifically at 5.3 GHz and 7.5 GHz
respectively.
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