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ABSTRACT

The demands of tiny, high data rates and wide bandwidth systems have led to the development of the fifth
generation (5G) communication technology. In this paper, a compact rectangular patch antenna employing amalgam
method (AM) is developed to fulfill these requirements. The AM is formed by combining a slotted patch with a faulty
partial ground structure. The operating frequency is selected as 3.5 GHz for 5G applications (2.9 to 4.4 GHz). FR4_epoxy
dielectric substrate material having a size of 30 mm x 20 mm is used to design the proposed antenna, which has a dielectric
constant of 4.4, a thickness of 0.8 mm, and a loss tangent of 0.02. A microstrip feedline method with a characteristics
impedance of 50 Q is used to excite the patch. The antenna is designed and simulated by utilizing high-frequency structure
simulator (HFSS) software. The outcomes of the simulation show that the antenna achieves a bandwidth of more than 1.2
GHz, VSWR of 1.18, peak gain of 2.50 dB with a directivity of 2.67 dB, and efficiency of 96.25%.
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INTRODUCTION

The development of the 5G network has recently
made a drastic change in the field of wireless
communication systems. It offers high-speed data
transmission rates of more than 1Gbps to broadcast live
events, high-definition video streaming, autonomous
driving, robotics, aviation, and healthcare applications, etc.
[1]. The conventional fiber optic internet connection can
almost be replaced by 5G wireless technologies. The
benefit of 5G over other conventional mobile cellular
technologies is its capacity to concurrently transmit voice
and high-speed data. The lower and upper ends of the
fifth-generation frequency range are roughly 3-5 GHz and
24-71 GHz, respectively, depending on the 5G
implementation regulations in different countries [2]. The
present generation of mobile devices and various types of
sensors are connected by 5G technology using sub-6 GHz
frequencies. High-gain wideband antennas are essential for
maintaining high-speed transmission and reception in
wireless communication systems. Low-profile antennas
are also preferred for applications such as mobile base
stations, inter-satellite communication, missiles, and more.
Microstrip patch antennas (MPAs) are a better option than
other types of antennas for certain application scenarios.
MPA has several advantages, including smaller size, less
weight, affordable production, simple installation,
mechanical robustness, and design freedom [1]. It also
reduces the excitation of additional undesirable modes.
MPAs can be utilized in smaller electronic devices to
increase portability and efficiency because of their tiny
structure [3]. However, poor gains and restricted
bandwidth are the key drawbacks of microstrip patch
antennas [4]. MPA is the suitable choice for 5G
applications because of its significant benefits. Therefore,
these applications need a high data bit rate, broad
bandwidth and speed. A variety of enhancement strategies

can be used to improve the performance of an antenna
such as gain, bandwidth, efficiency, and quality factor. For
instance, a thicker substrate would increase the bandwidth
since more surface waves would move over it and radiate
from the patch. Thus, the antenna gains decrease, which
could affect the overall performance of the antenna. The
effectiveness of the antenna is also impacted by the size of
the patch and feedline [5].

A microstrip patch antenna was developed by the
authors of [6-7] employing a partial ground plane with
slots and U-shaped slots. They found gains of 3 dB and
2.24 dBi, as well as bandwidths of 300 MHz and 360
MHz, respectively. The rectangular patch antenna was
designed in [8-9] by using RT-5880 substrate, which has
thicknesses of 1.574 mm and 1.57 mm. The bandwidth
and gain of their antenna were 50 MHz and 72 MHz and
13.2 dB and 5.51 dB, respectively. The TLC-30 dielectric
substrate was utilized in [10-11] with a permittivity value
of 3, a thickness of 1.5 mm, and 1.575 mm in order to
function at 3.1 GHz and 2.4 GHz, respectively. They
achieved gains of 2.9 dB and 2.7 dBi, respectively. A
multiband patch antenna was constructed by using an inset
feed with several slots [12-13]. The analysis revealed
gains of 5.06 dB and 4.752 dB. The antenna in [12] had a
bandwidth of 4.5 GHz. A rectangular microstrip patch
antenna was made by [14] using Rogers Ultralam1217
dielectric substrate. A gain of 7.944 dB was attained by
the antenna. In [15], a microstrip patch with a rectangular
T-shaped antenna was created. This antenna had the
greatest bandwidth and gain of 1.5 GHz and 2.52 dB,
respectively. A faulty ground configuration was employed
to construct a rectangular microstrip patch antenna [16-
17]. The simulation results show that the bandwidth and
gain of the antenna were found to be 233.2 MHz and 3.661
dB, respectively [17]. Slits were used in [18] to create a
microstrip patch antenna. It was found that this antenna's
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bandwidth and gain were 1.23 GHz and 6.35 dB,
respectively. A 3.5 GHz microstrip patch antenna was
developed in [19] applying three distinct substrate
materials, such as FR-4, RT-5880, and TLC-30, each with
a different relative permittivity. The FR4, RT-5880, and
TLC-30 substrate materials each had gains and bandwidths
of 3.338 dB, 4.660 dB, and 5.083 dB and 247.1 MHz,
129.7 MHz, and 177.2 MHz, respectively. In [20], a
defective ground structure (DGS) was used to design a
high-gain antenna. Peak gain, bandwidth, and efficiency
for the constructed antenna were found to be 6.21 dB,
0.863 GHz, and 80 %, respectively. In [21], a multiband
patch antenna was accomplished by utilizing an inset feed
scheme. The simulation's findings showed a gain of
5.9755 dB and a bandwidth of 0.05 GHz. In [22], a tiny
rectangular patch antenna with high gain and low cross-
polarization features was designed, providing a gain of
6.62 dB, a bandwidth of 0.21 GHz, and an efficiency of
89%.

However, several antenna designs are mentioned
in the literature [3, 6, 8-9, 11-15, 17, 20-22]. The major
limitations of these antennas are their large size, and
narrow bandwidths [6, 8-9, 17, 20-22]. In this paper, a
miniature rectangular patch antenna using amalgam
methodologies is proposed for 5G applications in order to
decrease antenna size and boost bandwidth.

ANTENNA STRUCTURE

The geometry of a compact rectangular patch
antenna using the amalgam method (AM) is depicted in
Figure 1. A slotted patch and a faulty partial ground
construction are combined to create the AM. The size of
the patch is 14 mm X 18 mm. It comprises a right-angle
triangular slot (p = q = 6 mm, r = 848 mm) and
rectangular slots (L,;= 8 mm, W= 2 mm, Lys=L,s= Wy,
= Wp3 = Wp4= 0.5 mim, Lp2= Lp3 = Lp4= 7 mim, wps = Wp6
= 6.5 mm). The patch is made on the top of the FR4
substrate. The dimension of the FR4 substrate is 30 mm x
20 mm. It has a dielectric constant of 4.4, a thickness of
0.8 mm, and a loss tangent of 0.02. A microstrip feedline
having a dimension of 15 mm x 2 mm is used to excite the
patch. A partial ground plane of 20 mm x 14 mm with a
single rectangular slot having the dimension of 3 mm x 2
mm is inserted on the rare side of the dielectric material.
Partial grounding converts the patch antenna's narrow
band features into wide band properties. It also diminishes
back lobe radiation and the energy stored in the substrate.
Slots minimize the VSWR, return loss, and overall size of
the antenna. It improves the bandwidth and gain of the
antenna. The various parameter values of the proposed
antenna are shown in Table 1.

Vpl Substrate FR4

X Y

I h =thickness

I Radiating patch
I Ground

»
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Figure-1. Proposed antenna structure.

Table-1.Design Parameters of the proposed antenna.

Parameters Values (mm)
Ws =W, 20
Ls 30
h 0.8
Wp 18
L,=L, 14
L 15
W= Wy=W,; 2
Ly 3
Ly 8
Lps=Lps=Wpo=Wy3 =Wy, 0.5
Lpo=Lp3=Lys 7
Wps=Wpe 6.5
P=4q 6
r 8.48

SIMULATED RESULTS AND DISCUSSION

The properties of the proposed antenna such as
return loss, bandwidth, VSWR, radiation pattern, gain,
directivity, and efficiency are discussed in this section.
High-Frequency Structure Simulator (HFSS) has been
used to design, analyze, and simulate the antenna. The
parameters have been presented clearly based on the
results.

Return Loss

Return loss describes how electrical power is
transferred from the feed point to the antenna. It plays a
crucial role in ensuring that the impedance matching
criterion is met. To maximize power transfer and minimize
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reflection at the load terminal, impedance matching is the
process of designing the antenna's input impedance or
matching it to the associated RF circuitry's output
impedance. Impedance matching is achieved by using a
50-ohm characteristic impedance. A return loss value of -
10 dB is used as the reference level, implying that 90% of
the power is received by the antenna and only 10% is
reflected, which is regarded as excellent for mobile
communication. The return loss (RL) for the proposed
antenna is shown in Figure 2. The lowest return loss of the
suggested antenna is -21.32 dB at 3.5 GHz, which
indicates good impedance matching between the feed line
and the radiating patch. The antenna radiates maximum
power at this frequency and reflects minimum power. So,
a return loss of -21.32dB dB means that the reflected
power is -21.32dB dB lower than the incident power. In
this case, 99.31% of the available power is transmitted into
the antenna.
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Figure-2. Return loss of the proposed antenna.

The return loss graph is used to compute the
bandwidth. The frequency range over which the RL is less
than -10 dB can be considered the antenna's bandwidth
which is shown in Figure 2. The bandwidth can also be
expressed as a percentage of the band's center frequency.
Bandwidth (BW) = Higher cut-off frequency - Lower cut-
off frequency

The planned antenna has an upper and lower cut-
off frequency of more than 4.4 GHz and 3.20 GHz,
respectively. The estimated bandwidth of the antenna is
more than 1.2 GHz, which is better than that reported in
refs [6, 8-9, 17, 20-22].

VSWR

Voltage standing wave ratio (VSWR) is a metric
that measures the impedance matching between the
antenna and the feedline line connected to it. It is also
known as the standing wave ratio. A high VSWR is an
indicator that before radiation the antenna reflects the
signal. In practical terms, the VSWR should be between 1
and 2 for less loss in reflection. Based on the value of
VSWR we find how the system is operated efficiently.
The lower the VSWR, the better the impedance of the

antenna is matched to the feed line or transmission line,
and the higher the power supplied to the antenna. The
VSWR is caused by impedance mismatches between the
input and the reflected signal within the connector, which
results in certain signals being reflected.

The Voltage Standing Wave Ratio (VSWR)
versus frequency graph of the designed antenna is
shown in the Figure-3. The VSWR of the proposed
antenna is 1.18 at 3.5 GHz, which is less than 2 which
indicates that the antenna matches perfectly. This means
the antenna is properly designed in the entire frequency
band. A VSWR of 1.18 indicates around 99.31 percent of
the power supplied to the antenna (i.e. 0.02973 dB
mismatch loss).

300 -
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Frequency (GHz)
Figure-3. VSWR of the proposed antenna.

Radiation Pattern

The radiation pattern of the antenna describes its
radiation properties when measured on the surface of a
sphere with a fixed radius. It is analyzed employing a
spherical coordinate system. From Figure 4, it has been
observed that the antenna is showing an omnidirectional
radiation pattern. The antenna radiates a maximum power
of 20.243 dB at the resonant frequency of 3.5 GHz.
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1.0197e-001
-1.9122e+000
= -3.9263e+000
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-7.9546e+000

-9, 96587 +000
-1.1983e+001

Figure-4.The 3D far-field radiation pattern of the
proposed antenna.
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Directivity

It is the capability of an antenna to concentrate
electromagnetic energy in a specific direction. The
simulation result of the directivity of the proposed antenna
at various operating frequencies is shown in Figure 5. The
peak directivity ranges from 2.43 dB to 3.03 dB within the
operating frequency range from 3.20 GHz to more than 4.4
GHz. The suggested antenna attains a directivity of 2.67
dB at the resonant frequency of 3.5 GHz. The lower
directivity of the planned antenna indicates that it can
transmit and receive radio frequency energy almost
equally in all directions, whereas the higher directivity
indicates that it can transmit or receive energy in a specific
direction. The various directivities given by the
recommended antenna allow it to be employed for a wide
range of directivity-based applications. Low directivity
antennas are advantageous for mobile applications while
high directivity antennas are advantageous for stationary
installations like satellite TV.

207 dB

Directivity (dB)

Frquency (GHz)
Figure-5. Directivity of the proposed antenna.

Gain

Gain is the process of converting electrical
energy into radio waves traveling in a specific direction.
The gain result of the proposed antenna is shown in the
Figure 6. The peak gain ranges from 2.30 dB to 2.94 dB
within the operating frequency range from 3.20 GHz to
more than 4.4 GHz. The planned antenna yields a gain of
2.50 dB at the resonant frequency of 3.5 GHz. The lower
gain of the recommended antenna indicates that it can
transmit and receive RF energy in almost any direction
without the need for extremely precise targeting, whereas
the higher gain indicates that more power is received or
transmitted in one direction and it attenuates all other
signals from other directions. The suggested antenna can
be used for numerous gain-based applications due to the
different gains it provides. Low gain antennas are used for
point-to-multipoint and short-range communication,

whereas high gain antennas are useful for high speed
communication.
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Figure-6. Gain of the proposed antenna.

Efficiency

The ratio of total energy radiated to net energy
received by the antenna is crucially indicated by antenna
efficiency. The simulated efficiency graph of the proposed
antenna is depicted in Figure 7. As can be observed, the
efficiency ranges from 0.9706 (97.06%) to 0.9796
(97.96%) for most of the 5G frequencies under concern
and the antenna achieves a peak efficiency of 96.25% at
the resonant frequency of 3.5 GHz. The recommended
antenna can effectively radiate the input power into free
space due to its efficiency of 96.25%. Long battery life, a
large communication range, and low error rates can be
anticipated as a result of its high efficiency.
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Figure-7.Efficiency of the proposed antenna.
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Table-2. Comparison of the proposed antenna with referenced antennas.

ISSN 1819-6608

Antenna :
Refs. Size (L x W xh) OBW BW (GHz) | Gain (aB) | Ffficiency
mm’ (GHz) (%)
3] 25.2x48x1.6 - - 5.01 96.67
[6] 50x50%1.6 33-3.6 0.3 3 -
3.7693 -
(8] 34.844x40.644x1.574 | 000 0.072 13.2 -
[9] 63.4x60.5%1.57 2.47-2.52 0.05 5.51 -
[11] 46x37x1.5 - - 2.7 dBi
[15] 20%24x0.25 2.90-4.48 1.58 2.52 98.474
3.3949-
[17] 45x35x1.6 e 0.2332 3.661
4.921-
[20] 28.03 x 23.45% 1.6 < 7e4 0.863 6.21 80
[21] 33.5x 28.2x 1 3.48-3.53 0.05 5.9755 -
[22] 43.36 x 35x 1.575 3.44-3.65 0.21 6.62 89
This work 30 x 20 x 0.8 3.12-22.66 19.54 8.7 96.14
OBW = Operating bandwidth, BW = Bandwidth.
COMPARISON WITH RECENT WORKS REFERENCE

Table-2 shows the comparison of the suggested
antenna with other referenced antennas. It is evident from
the table that most of the researchers such as [3, 6, 8-9, 11,
15, 17, 20-22] were tried to enhance the gain and
bandwidth of the antenna. However, their planned antenna
is massive, and they were able to achieve a limited
bandwidth [6, 8-9, 17, 20-22]. An incredible 13.2 dB gain
was achieved by using a large antenna [8]. The proposed
antenna is compact in size and has a bandwidth of over 1.2
GHz (3.20 GHz to more than 4.4 GHz), which is higher
than that of the referenced antennas [6, 8-9, 17, 20-22]. It
has a gain of 2.50 dB, which is lower than that stated in
the references [3, 6, 8-9, 11, 15, 17, 20-22]. Despite
having a lower gain, the proposed antenna has a wider
bandwidth, which improves data transfer rates. So, we can
conclude that the recommended antenna satisfies the
criteria for 5G wireless communication.

CONCLUSIONS

In this article, a miniature rectangular patch
antenna for 5G applications using amalgam method has
been successfully designed, simulated, and investigated.
The simulation has been done by using high-frequency
structure simulator (HFSS). The outcomes of the
simulation demonstrate that the suggested antenna can be
a good candidate for 5G applications since it has a broader
bandwidth of more than 1.2 GHz (from 3.20 GHz to more
than 4.4 GHz), a gain of 2.50 dB, a VSWR of 1.18, a
directivity of 2.67 dB, an efficiency of 96.25%, and a
minimal return loss of -21.32 dB.
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