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Abstract: The advancement of wireless communication technology is growing very fast. For next-generation
communication systems (like 5G mobile services), wider bandwidth, high gain, and small-size antennas are very much
needed. Moreover, it is expected that the next-generation mobile system will also support satellite technology.
Therefore, this paper proposes a slotted star-shaped dual-band patch antenna that can be used for the integrated services
of satellite communication and 5G mobile services whose overall dimension is 15x14x1.6 mm?®. The proposed antenna
operates from 18.764 GHz to 19.775 GHz for K-band satellite communication and 27.122 GHz to 29.283 GHz for 5G
(mmWave) mobile services. The resonance frequencies of the proposed antenna are 19.28 GHz and 28.07 GHz having
bandwidths of 1.011 GHz and 2.161 GHz, respectively. Moreover, the proposed dual-band patch antenna has a
maximum radiation efficiency of 76.178% and a maximum gain of 7.596 dB.

Index Terms: Dual-band Patch Antenna, mmWave, Satellite Communication, 5G Mobile Services.
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1. Introduction

The swift technological development in telecommunications, including radar, satellite technology, and mobile
phones, is remarkable. Dual-band antennas can operate on two different frequency bands simultaneously, whereas two
single-band antennas must be used for the same operations. So, Dual-band antennas reduce the fabrication cost, the
device's size, and the system's complexity. For this reason, there is a great demand for dual-band antennas in
telecommunication networks [1, 2].

The next generation of mobile networks will be heterogeneous, flexible, and able to accommodate on-the-fly
application requirements. As a result, it must be able to support service offerings on a much larger scale [3]. Due to the
accelerating development of wireless and radio telecommunication systems, the consumer of wireless communication
services will continue to increase daily. The number of connected devices will be exceeded 50 billion very soon. In this
case, low-cost, less complex, higher data rates, and minimal data traffic systems will be needed. The current generation
of wireless communication networks (4G) cannot fulfill these requirements because of many limitations. Therefore, the
fifth-generation wireless communication network (5G) has become indispensable to meeting the above requirements.
Designing a high-performing antenna (like miniatured size, higher data rates, higher radiation gain, etc.) in mmWave
like 5G services is challenging. In this case, a patch antenna can be a convenient solution as these antennas have many
advantages like miniature size, low cost, better gain, and an easy fabrication process [4-8]. Fig. 1 shows the networking
scenarios based on different signal coverage areas in the mmWave bands.

The millimeter-wave (mmWave) bands provide new facilities with a massive quantity of spectrum to fifth-
generation (5G) mobile communication networks to meet the rapidly growing demand for mobile data. In terms of
directivity, susceptibility to obstruction, and high propagation loss, there are significant differences between traditional
systems and mmWave communications. The much greater bandwidth of mmWave opens up many possibilities for a 5G
cellular connection. The coverage of mmWave-based cellular networks is higher, and the capacity potential is higher [9].
With these requirements in mind, researchers have introduced antennas for 5G services and other mmWave applications
using several techniques such as array structure, meta-material structure, slot structure, defected ground structure (DGS),
and so on. For example, a rectangle patch dual-band antenna with a miniaturized size has been proposed in the paper
[10]. It has a narrow operating bandwidth and gains 6.4 dBi and 5.4 dBi at 28 GHz and 37 GHz, respectively.

In this paper, we proposed a slotted star-shaped dual-band circular patch antenna that can be used for the integrated
service of K-band satellite communication and 5G mobile services. The proposed antenna exhibits very good
impedance matching over the frequency bands of 18.764 GHz to 19.775 GHz for K-band satellite communication and
27.122 GHz to 29.283 GHz for 5G (mmWave) mobile services, along with a minimum return loss of -28.31 dB at the
operating frequency of 19.28 GHz. The characteristics of the proposed antenna, such as return loss, antenna gain, and
radiation patterns, are investigated in this paper. The computer simulation technology microwave studio (CST-MWS)
found all the simulation results. CST-MWS is a well-known and frequently used software for estimating an antenna
system's radiation characteristics. Constructing, examining, and optimizing any electromagnetic system provides a
comprehensive range of solvers and tools. The primary characteristics of the suggested dual-band circular patch antenna
can be summarized as follows.

e The gain of the suggested antenna is comparatively higher; it is also small and able to operate at dual-band
frequencies.

e At the relevant resonant frequencies, the suggested antenna's bandwidth is also greater than that of the
standard patch antenna.

e The antenna will support higher data rates because it was made for 5G networks.

e The suggested antenna can be used for the integrated K-band satellite and 5G mobile communications services.
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Fig. 1. Coverage scenarios for mmWave in 5G mobile networks and beyond [3]
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The remainder of the paper is organized as follows. The following section presents the literature review. Section 3
describes the theory and model of the proposed slotted star-shaped dual-band circular patch antenna. Section 4 deals
with the performance evaluation of the proposed antenna based on the simulation results. Section 5 provides a
comparison of the performance of the proposed antenna to the recently published works. Finally, the conclusion of our
manuscript is drawn in section 6.

2. Literature Review

A lot of research was done before the design of the proposed antenna. In [11], another dual-band mmWave patch
antenna based on an array structure is presented with a complicated structure having a narrow bandwidth. The
resonance frequencies are 24.9 GHz and 28 GHz, and the gains are 5.375 dB and 8.42 dB, respectively. In [12], a dual-
band slotted patch antenna has been designed using a slot structure for mmWave wireless applications. It operates at
24.25 GHz and 38 GHz with a gain of 5.541 dB and 4.527 dB, respectively. Also, a miniature patch antenna has been
introduced using the DGS technique in [13]. This antenna resonates with the 5G frequency band at 28 GHz and
provides a gain of 7.6 dB, where the return loss value is - 56.95 dB.

Moreover, another small-sized patch antenna has been proposed using the Iterative Method in [14]. The proposed
design resonates at 28 GHz and delivers a gain of 5.45 dB. Using the DGS technique, the antenna bandwidth has been
improved from 1.2 GHz to 2 GHz. Furthermore, another dual-band microstrip patch antenna is presented in [15] for 5G
mobile services. It has an impedance bandwidth of 1.90 GHz and 1.01 GHz at 24.16 GHz and 28.1 GHz frequency,
respectively. Recently, researchers have also shown a great interest in designing such types of dual-band antennas that
can be used for X-band (8 GHz to 12 GHz), Ku-band (12 GHz to 18 GHz), and K-band (18 GHz to 27 GHz) satellite
communications [16-23]. Also, many designers are focusing on designing such types of dual-band or multiband
antennas that can be used for the integrated service of WiMAX and military satellite or satellite, radar communications
and 5G (mmWave) services or satellite communications, 5G (mmWave) mobile services and the other wireless
applications [24-29].

3. Theory and Design Specification of the Proposed Patch Antenna

3.1 Theory

The width W and length L of any rectangular shape patch antenna are calculated with the help of the following
equations [2].

W = 2 C£1-+1 (1)
fo =3

Where f is the resonant frequency and &, is the dielectric constant. The radiations pass through the air and some
through the substrate to reach the ground. The air and the substrate have different dielectric constant values; therefore,
an effective dielectric constant (e.5f) has to be considered, which is calculated using the given equation [10].

&+l &—1 12h, _
gerp = Tt T (LT @)

Where h is the thickness of the substrate. The length of the patch is calculated using equation [10].

_ c
L= 2fo.[Eeff )

Electrically the size of the antenna is increased by an amount of AL due to fringing. The increased length is given
by using equation (4).

(seff+o.3)(¥+o.264)

AL = 0.412h (4)

(sgff—o.zss)(v—f'ﬁo.s)

The minimum length (Lg,;,) and width (Wy,,;,) of the substrate are calculated using equations (5) and (6).
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Loy =6h+ L (5)
Wsup = 6+ W (6)

Now, the circular patch design consists of calculating the radius (R) and the inset feed length (F) and is given by
[14]

R= ——r (7)

F 1/2
[1+n£rF(ln(2h)+1'7729) /

8.791x10°

Where F= e

. The above equations obtain the radius of the circular patch shape.

3.2 Design Specification of the Proposed Patch Antenna

The geometrical structure of the proposed slotted star-shaped circular patch antenna is shown in Fig. 2, where the
overall dimension of the antenna is 15x14%1.6 mm?. The proposed design and simulation have been carried out using
CST-MWS2017 software. The proposed dual-band antenna consists of a circular radiating patch with a star-shaped slot
and two rectangular-shaped slots. These slots have been introduced to operate the antenna in the desired dual-band
operation. The dimensions of both rectangular slots are the same. The slotted circular patch conductor is made of copper
metal and has a radius (a) of 2.75 mm, whereas its thickness (t,) is 0.018 mm. It is developed on the Rogers RT5880
(lossy) dielectric substrate with a dielectric permittivity of 2.2 and loss tangent of 0.0009, and copper material has also
been used in the ground plane. The thickness of the substrate material (t) is 1.6 mm, where the thickness of the ground
plane (t,) and the patch conductor (t,) are the same. The parameters used for the proposed dual-band slotted star-
shaped patch antenna are shown in Table 1. To drive the antenna, a 50 Q microstrip feedline is used. To get the proper
impedance matching, the width of the feedline (g) has been chosen as 0.8 mm.

The evolutionary steps of antenna design to attain the desired dual-band operation for K-band satellite
communication (19.28 GHz) and 5G mobile services (28.07 GHz) are shown in Fig. 3. The proposed design has been
completed in four steps. Fig. 3(a) illustrates the 1% step, a conventional circular patch antenna. The initial patch antenna
(step 1) resonates at 20.98 GHz and 31.117 GHz frequencies with a return loss of -15.10 dB and -11.16 dB. It operates
from 20.319 GHz to 21.589 GHz, and 30.222 GHz to 33.022 GHz frequencies, respectively, where 2" band is not
applicable for mmWave 5G services and the return loss is high, as shown in Fig. 4(a). The return loss of the different
steps of the antenna is discussed in detail in the simulation results section. Also, the radiation pattern is not well for the
2" band, as shown in Fig. 7(b). To shift the resonating frequency for the 2" band towards the mmWave (28 GHz) 5G
communication and improve the antenna's performance, the initial patch is modified by inserting a star-shaped and
rectangular slot.

In the 2™ step, a rectangular slot similar to the patch antenna structure [30] is introduced in the initial patch shown
in Fig. 3(b). Due to the insertion of this rectangular slot, the resonating frequencies have shifted from right to left and
improved return loss for both bands, shown in Fig. 4(b). The antenna resonates at 20.58 GHz and 29.899 GHz
frequencies with a return loss of -25.594 dB and —14.139 dB, respectively. Also, it has increased antenna gain for the
2" band, and the radiation pattern for the 1% band is better than step 1, which is shown in Fig. 7(d), Fig. 8(e), and Fig.
8(f), respectively.

In the 3" step, a star-shaped slot is introduced on the patch to improve the antenna's performance. If an eight-point
star-shaped slot similar to the structure of the patch antenna [31] had been used in step 3, it would have overlapped with
the rectangular slot and a portion of the feedline, which will affect greatly changed the performance parameters (like
antenna gain, radiation patterns, etc.) of the antenna. Also, the antenna will act as a single-band or ultra-width band
patch antenna. But our work aims to design a high-performance dual-band patch antenna. For this reason, a five-point
star-shaped slot is used in step 3 to improve the performance of the 1% modified antenna. Due to the insertion of this slot
(step 3), the radiation pattern for the 2" band has improved, which is much better than step 2, as shown in Fig. 7(f), Fig.
9(c), and Fig. 9(d), respectively. Also, Fig. 4(c) shows that it has increased bandwidth for the 2™ band, where the
resonating frequencies have shifted from right to left.

Due to the insertion of the star-shaped slot on the patch (step 3), the return loss for the 1% band reached high,
shown in Fig. 4(c). Therefore, another symmetrical rectangular slot (similar to step 2) is inserted on the patch to shift
the resonating frequency and improve the return loss with other performance parameters of the antenna (step 4) is
shown in Fig. 3(d) where the proposed design resonates at the 19.28 GHz and 28.07 GHz frequencies, respectively.
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Fig. 2. The geometry of the proposed slotted star-shaped circular patch antenna
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Fig. 3. Geometrical evolution for the proposed slotted star-shaped antenna (a): Step 1: Initial antenna, (b): Step 2: 1 modified antenna, (c): Step 3: 2™

modified antenna, (d): Step 4: Proposed antenna

Table 1. Dimension Details of the Proposed Antenna.
Parameters Values (mm)
Length of substrate (L) 15
Length of the ground plane (L,) 15
The thickness of the substrate (t,) 1.6
The radius of the patch (a) 2.75
Distance between two points of the star (c) 1.35
Width of feed line (g) 0.8
Width of substrate (W;) 14
Width of the ground plane (W) 14
The thickness of the ground plane and patch (t,=t,) 0.018
Distance from the center of the star to the vertex (b) 2
Width of the rectangular slot (d) 0.5
Length of feed line (f) 7.45
Length of the rectangular slot (e) 1.35
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4. Performance Evaluation of the Proposed Antenna

A simulation has been performed using CST-MWS Studio 2017. The results are presented here for S-parameter
(return loss), VSWR, surface currents, radiation patterns, radiation gain, directivity, and radiation efficiency.

4,1 S-Parameters

When the magnitude of the S-parameter (S_11) is expressed in decibels (dB), it is called return loss. The return
loss can be expressed in terms of the reflection coefficient, T as:

RL(dB) = —20log|T| (8)
For an antenna to radiate effectively, the return loss should be less than 10 dB.

S-Parameters [Magnitude in dB] S-Parameters [Magnttude in dB]
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Fig. 4. Return loss curve of the circular and slotted star-shaped patch antenna (a): Initial, (b): 1% modified, (c): 2" modified, (d): Proposed slotted star-
shaped

Fig. 4(a) shows the return loss of the initial circular shape patch antenna (step 1). This antenna resonates at 20.98
GHz and 31.117 GHz frequencies with a return loss of -15.10 dB and -11.16 dB, respectively. The return loss curve of
the 1* modified antenna (step 2) is shown in Fig. 4(b). From the curve, we see that it exhibits dual-band properties and
works in two different frequency bands from 19.879 to 21.296 GHz and 28.564 to 32.03 GHz with corresponding
bandwidths of 1.417 GHz and 3.466 GHz, respectively. It resonates at 20.58 GHz and 29.899 GHz frequencies with
return losses of approximately -25.594 dB and —14.139 dB, respectively. Fig. 4(c) shows the return loss of the 2™
modified (step 3) antenna where the resonant frequencies have shifted. It resonates at 19.962 GHz and 29.72 GHz
frequencies with return losses of —11.427 dB and —14.213 dB, respectively. This design works in two frequency bands,
from 19.644 to 20.274 GHz and 28.585 to 32.384 GHz, respectively.

The return loss of the proposed slotted star-shaped patch antenna (step 4) is illustrated in Fig. 4(d), which defines
and measures the resonance frequency and bandwidth of the antenna. This antenna has two desired operating frequency
bands ranging from 18.764 to 19.775 GHz and 27.122 to 29.283 GHz, corresponding bandwidths of 1.011 GHz and
2.161 GHz, respectively. It resonates at 19.28 GHz and 28.07 GHz frequencies with return losses of approximately—
28.314 dB and —18.662 dB, respectively. The 1% band is suitable for K-band satellite communication, whereas the 2™
band can be used for 5G (mmWave) mobile services.
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Voltage Standing Wave Ratio (VSWR)
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Fig. 5. VSWR curve of the proposed slotted star-shaped patch antenna
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Fig. 6. Surface current distributions of the proposed patch antenna (a): at 19.28 GHz, (b): at 28.07 GHz

4.2 Voltage Standing Wave Ratio (VSWR)

VSWR (Voltage Standing Wave Ratio) is a measure that describes the amount of mismatch between an antenna
and the feeding system that connects to it. The VSWR is given by,

1+|T|
11

VSWR = 9)

Where T represents the reflection coefficient. The higher the VSWR, the greater the mismatch. A perfect
impedance match is obtained when ZL (antenna’s input impedance)= ZO (the corresponding RF circuitry’s output
impedance), which gives the reflection coefficient I" a value of zero, and the VSWR becomes unity which is the ideal
condition. But practically, for antenna applications, its value should be less than 2. Fig. 5 explains the impedance
matching of the proposed design, where it exhibits a VSWR value of 1.079 and 1.264 at the 19.28 GHz and 28.07 GHz
resonance frequencies, respectively, representing a proper impedance matching for the antenna.

4.3 Surface Current Distribution

Surface currents illustrate how the current propagates over the radiating element in the antenna structure. Fig. 6(a)
and 6(b) illustrate the surface current distribution of the proposed dual-band slotted star-shaped patch antenna. From Fig.
6(a), we see that at 19.28 GHz, a strong distribution of surface currents appears on the radiating patch and especially
around the star slot. This star slot is responsible for making a 19.28 GHz K-band satellite communications band where
the maximum value of the surface current is 618.9 A/m. Fig. 6(b) shows that at 28.07 GHz, the strongest surface
currents have located in the upper part of both rectangular slots. These slots are responsible for creating the 28.07 GHz
5G (mmWave) mobile services band, where the value of surface current is 476.2 A/m.

4.4 Radiation Pattern, Gain, and Directivity

The radiation pattern describes how an antenna radiates energy or receives energy. Radiation gain indicates how
strong an antenna can send or receive signals in a certain direction. Figs. 7(a) and 7(b) show the 3D gain radiation
patterns for the initial patch antenna (step 1), respectively. The antenna gains are 8.507 dB and 6.502 dB at the
resonating frequencies, but the radiation pattern is not well manner for the 2" band where Figs. 7(c) and 7(d) show 3D
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Gain patterns for the 1% modified antenna, respectively. It exhibits a gain of 8.295 dB and 7.387 dB at the resonance
frequencies. Also, Fig. 7(e) and Fig. 7(f) exhibit the 3D Gain radiation patterns for the 2™ modified antenna (step 3),
where the antenna gains are 8.098 dB and 6.644 dB at the 19.962 GHz and 29.72 GHz resonance frequencies,
respectively, and radiation patterns for the 2" band is much better than the step 2.

The simulated 3D Gain radiation patterns of the proposed dual-band slotted star-shaped patch antenna at 19.28
GHz and 28.07 GHz frequencies are illustrated in Fig. 7(g) and Fig. 7(h), respectively. It has been seen that the values
of radiation gain of the proposed antenna at 19.28 GHz and 28.07 GHz frequencies are 7.596 dB and 6.972 dB,
respectively.
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Fig. 7. 3D Gain radiation patterns (a): at 20.98 GHz, (b): at 31.117 GHz, (c): at 20.58 GHz, (d): at 29.899 GHz, (e): at 19.962 GHz, (f): at 29.72 GHz,
(9): at 19.28 GHz, (h): at 28.07 GHz

The simulated Farfield radiations patterns of the initial patch antenna (step 1) for E-plane (XZ-plane, phi=0<) and
H-plane (XY-plane, phi=90°<) at 20.98 GHz and 31.117 GHz resonance frequencies are shown in Fig. 8(a) to Fig. 8(d).
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Fig. 8. Simulated Farfield 2D Polar radiation patterns (a): E-plane at 20.98 GHz, (b): H-plane at 20.98 GHz, (c): E-plane at 31.117 GHz, (d): H-plane
at 31.117 GHz, (e): E-plane at 20.58 GHz, (f): H-plane at 20.58 GHz, (g): E-plane at 29.899 GHz, (h): H-plane at 29.899 GHz

Fig. 8(a) shows that the main lobe magnitude is 8.05 dB, the direction of the main lobe is 0 and the angular width
(3 dB) is 73<at 20.98 GHz frequency when phi=0“where Fig. 8(b) exhibits that the magnitude of the main lobe is 8.51
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dB, the direction of the main lobe is 9<and the angular width is 51.3at 20.98 GHz frequency when phi=90< Fig. 8(c)
exhibits that the main lobe magnitude is 4.13 dB, the direction of the main lobe is 31 < and the angular width is 139 “at
31.117 GHz frequency, while Fig. 8(d) shows that the magnitude of the main lobe is 6.37 dB, the direction of the main
lobe is 51< and the angular width is 74.1<at 31.117 GHz frequency when phi=90<

The 2D polar radiation patterns of the 1% modified antenna (step 2) for E-plane and H-plane at 20.58 GHz and
29.899 GHz resonance frequencies are illustrated in Fig. 8(e) to Fig. 8(h), respectively. Fig. 8(e) shows that the
magnitude of the main lobe is 7.82 dB, the direction of the main lobe is 4< and the angular width (3 dB) is 75<at the
20.58 GHz resonance frequency where the side lobe level is -14 dB. Also, Fig. 8(f) exhibits that the magnitude of the
main lobe is 8.27 dB and the angular width is 49.4 “at 20.58 GHz frequency when phi=90 < When phi=0<, the main lobe
magnitude is 5.15 dB, the direction of the main lobe is 28 the angular width is 123.5at 29.899 GHz frequency, and
the side lobe level is -17.5 dB which is shown in Fig. 8(g), where Fig. 8(h) shows that the magnitude of the main lobe is
5.42 dB, the direction of the main lobe is 10< The angular width is 83.8<at the same resonance frequency when
phi=90<

The polar radiation patterns of the 2" modified antenna (step 3) for the E-plane and H-plane at 19.962 GHz and
29.72 GHz resonance frequencies are illustrated in Fig. 9(a) to Fig. 9(d). Fig. 9(a) shows that the magnitude of the main
lobe is 7.69 dB, the direction of the main lobe is 4< and the angular width (3 dB) is 77 <at the 19.962 GHz resonance
frequency when phi=0< Also, Fig. 9(b) exhibits that the magnitude of the main lobe is 8.06 dB and the angular width is
50.2<at 19.962 GHz frequency (when phi=90<). When phi=0< the main lobe magnitude is 5.58 dB, and the direction of
the main lobe is 31< The angular width is 130.9<at 29.72 GHz frequency, which is shown in Fig. 9(c), where Fig. 9(d)
shows that the magnitude of the main lobe is 5 dB, the direction of the main lobe is 2 < and the angular width is 44.8 “at
the 29.72 GHz resonance frequency when phi=90<

The simulated Farfield (2D Polar) radiation patterns of the proposed design at 19.28 GHz and 28.07 GHz
resonance frequencies are illustrated in Fig. 9(e) to Fig. 9(h). Fig. 9(e) exhibits the farfield (2D polar) radiation pattern
for 19.28 GHz frequency in the elevation plane “E-plane” (XZ-plane, ¢ = 0). From Fig. 9(e), we see that the main lobe
magnitude is 7.25 dB, the direction of the main lobe is 0< and the angular width (3 dB) is 79.2<at 19.28 GHz frequency.
Besides, the farfield radiation pattern for the 19.28 GHz frequency in the azimuth plane “H-plane” (XY-plane, ¢ =90°)
is depicted in Fig. 9(f) where the magnitude of the main lobe is 7.61 dB, the direction of the main lobe is 8< and the
angular width (3 dB) is 49.6 < Here, the value of the side lobe level at 19.28 GHz resonant frequency is -14.1 dB.

On the other hand, the farfield polar radiation pattern for the 28.07 GHz frequency in the “E-plane” is shown in Fig.
9(g), where the magnitude of the main lobe is 6.97 dB, the direction of the main lobe is 0 < and the angular width (3 dB)
is 85.3< In the case of “E-plane”, the value of side lobe levels at 19.28 GHz and 28.07 GHz resonance frequencies are -
13.8 dB and -12.9 dB, respectively. Also, Fig. 9(h) exhibits the farfield (2D polar) radiation pattern in the “H-plane” (¢
=909. At 28.07 resonance GHz frequency, the magnitude of the main lobe is 6.97 dB, the direction of the main lobe is
0< and the angular width (3 dB) is 34.4where the value of the sidelobe level is -6.9 dB.

An antenna's farfield (radiating farfield region) is independent of the distance from the antenna where the effective
radiation pattern is observed. The simulated radiation gain vs. frequency plot is shown in Fig. 10. The directivity of an
antenna can be defined as the direction of maximum radiation by the antenna as it radiates more in a particular direction
defined by the antenna’'s main lobe. The simulated directivity vs. frequency plot is shown in Fig. 11. It has been seen
that the values of directivity of the proposed slotted star-shaped patch antenna at 19.28 GHz and 28.07 GHz resonance
frequencies are 8.9279 dBi and 8.1554 dBi, respectively.

4.5 Radiation Efficiency

The Antenna radiation efficiency explains how much an antenna can effectively deliver its output with minimal
loss in the transmission line. Fig. 12 shows the proposed slotted star-shaped patch antenna’s simulated radiation
efficiency vs. frequency graph. The proposed antenna shows the overall radiation efficiency is 73.586% and 76.178% at
19.28 GHz and 28.07 GHz frequencies, respectively.
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Fig. 9. Simulated Farfield 2D Polar radiation patterns (a): E-plane at 19.962 GHz, (b): H-plane at 19.962 GHz, (c): E-plane at 29.72 GHz, (d): H-
plane at 29.72 GHz, (e): E-plane at 19.28 GHz, (f): H-plane at 19.28 GHz, (g): E-plane at 28.07 GHz, (h): H-plane at 28.07 GHz
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Fig. 10. Simulated radiation gain vs. frequency graph
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5. Comparison with Related Work

A comparison with related works is shown in Table 2. The proposed slotted star-shaped patch antenna exhibits
very good performance like wide bandwidth, high radiation gain, better radiation efficiency, and so on. It is
demonstrated that the proposed design exhibits better performance than the reported work.

Table 2. Comparative Analysis.

Ref. Values (mm?®) Ba(ng:"’;?th Peézlg I;3)ain
[1] 2020575 ﬁé ;:g;
[10] 72562505 8:323 g:j
[12] 7.654.9>0.127 rep']\(‘)?:ed i:gg
[14] 10x10>0.5 2.00 5.45
[15] 255206 1:82 ggg
[17] 655666 8;38 ;gg
[19] 24.5504.5x0.38 8322 Zig
P:,c\),%?sfd 151416 o 7.5%
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6. Conclusions

This paper proposes a slotted star-shaped dual-band patch antenna for the integrated services of satellite
communication and 5G mobile services. Design and simulation have been carried out using the computer simulation
technology microwave studio (CST-MWS) software. The proposed slotted star-shaped dual-band patch antenna exhibits
very good performance with higher data rates, relatively high efficiency, high radiation gain, and so on. The proposed
antenna resonates at 19.28 GHz and 28.07 GHz frequencies with a radiation gain of 7.596 dB and 6.972 dB,
respectively, whereas the overall radiation efficiencies are 73.586% and 76.178%, respectively.
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