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Abstract

The fifth generation (5G) of telecommunications has been a compelling subject for
several academics in recent years. A patch antenna has recently been used for 5G
technology, which demands a communication connection with a high data rate and
low latency. This article proposes a high-gain slotted microstrip patch antenna for 5G
applications at the resonant frequency of 38 GHz. Rogers RT5580 material, with a
dielectric permittivity of 2.2 and a loss tangent of 0.009, has been used as a substrate
for the antenna. The antenna in concern has a compact construction with dimensions
of 8x5.2x0.324 mma3. The slotted antenna's dimensions are optimized with the CST
Studio Suite software simulator. The proposed antenna design achieved a reflection
coefficient of -49.9 dB, a gain of 9.233 dBi, and a wide operational bandwidth of 1.84
GHz, which is the main objective of this study. The suggested antenna also
demonstrated favorable performance at 37 GHz and 39 GHz by changing the length
of the radiation patch. In comparison to previous similar designs reported in the
literature, the proposed antenna has significantly higher bandwidth, return loss, beam
gain, and radiation efficiency; therefore, it is a viable alternative for 5G
communication.
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1. Introduction

In recent decades, there has been a substantial surge in the need for mobile subscriptions,
data rates, and mobile data transfer frequencies for 5G networks [1], [2]. The exponential
expansion of the 5G network will significantly influence many sectors, such as artificial
intelligence, blockchain, ultra-high definition, and Internet of Things (IoT) services, including
intelligent transportation, smart grids, and smart cities. These industries will see substantial
improvements with the introduction of 5G technology [3], [4]. An essential prerequisite for the
deployment of 5G is to guarantee the availability of appropriate frequency resources. In order
to enhance significantly spectral efficiency and, as a result, the throughput provided to the
client, it is imperative to deploy dense networks, which are characterized by a large number of
short-range base stations [5]. 5G networks replace massive cell-based solutions with networks
made of many tiny cells[6]. 5G technology operates at high-frequency ranges that are
significantly affected by the antenna performance, namely in terms of return loss, bandwidth,
and gain. To address these issues and fulfill user requirements, it is crucial to manufacture and
design antennas that possess very desirable properties in terms of gain, return loss,
and bandwidth [7], [8].

Microstrip patch antennas (MPA) are well-suited for utilization in 5G applications, which
make use of higher frequency bands. In addition, microstrip patch antennas are economically
efficient, lightweight, physically simple to produce, and provide integrated functionality [9].
Microstrip antennas are offered in a diverse range of radiating patch configurations, such as
rectangular, square, circular, elliptical, triangular, and more. Patch antennas characterized by
square and rectangular forms are often used because of their comparatively simple construction
and analysis. [10].

Fifth-generation (5G) technologies have been developed in response to the growing need for
expanded data speeds, enhanced network capacity, and reduced latency communication. To
fulfill these criteria, wireless communication systems have started to use the millimeter-wave
(mmWave) radio spectrum, which covers frequencies ranging from 30 GHz to 300 GHz [11].
The use of this frequency range offers broader bandwidths, therefore facilitating accelerated
data transfer and improved network performance in comparison to the sub-6 GHz bands usually
employed in previous cellular technologies [12]. Within the millimeter wave (mmWave) bands,
the 38 GHz frequency band has attracted significant attention in 5G systems because of its
capacity to provide very high data rates while accommodating a substantial number of
interconnected devices. This frequency is deliberately placed inside the bandwidth designated
for 5G services, and its usage offers significant benefits like fast data transfer rate, little
interference, and effective use of spectrum resources.

Much study is dedicated to the investigation and development of millimeter range antennas
for 5G technologies, particularly in the 38 GHz frequency range, which provides optimal
performance for 5G networks. In order to achieve this objective, it is essential to develop novel
types of antennas that are appropriate for fifth-generation technologies. This undertaking
presents a formidable and noteworthy challenge for experts in antenna design. In one of these
studies[13], the researchers proposed a rectangular patch antenna designed to operate at 38
GHz using a substrate of FR-4 and cylindrical notches with a return loss of — 24 dB, directivity
of 2.37 dBi, and overall bandwidth of 1.021 GHz. Similarly, the researchers of [14] present a
compact size circular MPA with a return loss of -20.6 dBi and gain of 7.25 dBi. This design
produces a bandwidth of 640 MHz. Another rectangular patch antenna with two elements array
was produced in [15]. This design achieved a gain of 7.6 dBi, a bandwidth of 767 MHz, and
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90% radiation efficiency. In [16], the authors proposed an inverted F, dual-band antenna work
at 28/38 GHz frequency bands. This antenna was designed using FR4 substrate with a relative
permittivity of 4.4 and thickness of 0.2 mm. The overall size of the antenna was 5.5x4 mm?
and achieved a bandwidth of 1.23 GHz and a gain of 6.61 dBi at 38 GHz. Similarly, a dual-
band antenna with triangular stubs was introduced using Rogers RT4003 with a height of 0.203
mm. This design produced two bands (from 26 GHz to 30.45 GHz) and (from 36.4 GHz to
40.25) with an overall gain of 4.5 dBi and 4.2 dBi in the first and second bands, respectively.
This work is proposed in reference [17]. In another work [18], An HP-shaped antenna was
introduced using the Rogers RT5880 substrate, which has a thickness of 0.51 mm. The antenna
achieved a maximum bandwidth of 3.17 GHz and a low reflection coefficient of -33 dB. The
gain and radiation efficiency of this design was 6.5 dBi and 80%. In addition, in [19] a single
band fork-shaped antenna is designed for 38.6 GHz. The design utilizes Rogers RT5880
substrate with an overall size of 10x6x0.254 mm?® and achieved a reflection coefficient of -30
dB. The gain of the design was 7.6 dBi, and good bandwidth was achieved at 1.9 GHz. A
compact U-shaped antenna fed by a transmission line using Rogers RT5880 substrate was
presented in the study [20]. It achieved a bandwidth of around 1 GHz at a frequency of 37 GHz
and a reflection coefficient of -20 dB with a good gain of 6.81 dBi. In reference [21] The
researchers introduced a dual-band MPA with overall dimensions of 15x25x0.25 mm3. The
proposed design operates at 38/60 GHz and is designed on Rogers RO3003TM substrate. It
achieved bandwidths of 2 GHz and 3.2 GHz at 38 GHz and 60 GHz, respectively. The total
gain was 6.5 dBi at 38 GHz and 5.5 dBi at 60 GHz. This design achieved a decent return loss
value of -42 dB at 38 GHz and -47 dB at 60 GHz.

This study introduces the design of a patch antenna designed for operation at a frequency of
38 GHz. The antenna has the distinctive capability to change its operating frequency to either
37 GHz or 39 GHz by adjusting the length of the radiating patch. This technique provides a
streamlined but efficient means of attaining frequency reconfigurability, hence improving the
antenna's flexibility for different mmWave communication situations without requiring extra
switching electronics. The design presented in this study showcases the feasibility and
effectiveness of making physical modifications to the patch length as a method to alter the
operating frequency of the antenna within the crucial mmWave bands for 5G networks. The
paper is organized into six sections; in addition to this section, the paper includes an
explanation of the antenna design process in the second section and a presentation of simulation
results at a frequency of 38 kHz in the third section, the fourth section includes the antenna
operation at frequencies of 37 and 39 GHz. A comparison between the proposed work and
previous studies is mentioned in the fifth section, and the research is concluded by presenting
a conclusion of the proposed work in the sixth section.

2. Design of the proposed antenna

This section discusses the design procedure of a microstrip patch antenna designed for 5G
applications operating at a resonance frequency of 38 GHz. Given the widespread usage of
patch antennas in various forms [22], the antenna was designed using a rectangular patch with
symmetrical multi-rectangular slots. The antenna was constructed on a Rogers RT5880
substrate material (5.2 mm in width, 8 mm in length, and 0.254 mm in thickness) with a relative
dielectric permittivity (ereff) of 2.2 and loss tangent (tan(3)) of 0.0009. More information on
the RT 5880 substrate is available in the reference [23]. The inset feed method was chosen
among the many feeding strategies for microstrip patch antennas to get optimal matching

71



Hassan Falih Hamdan SJPS 2024 (December), Vol. 3, No. 2, p.p.69-82

impedance between the feed line and the radiation patch. Figure 1 shows a flowchart of the
design process of the proposed work. Figure 2 illustrates the proposed design of the antenna.

start
Y
Define design requirements
Return loss , VSWR , Gain

Initial Antenna Design at 38
GHz

simulate in CST
) 4

requirements —— Maodify dimensions.
achieved ? No or material
Yes
Increase patch length to Decrease patch length
resonance at 37 GHz to resonance at 39 GHz
Re-simulate Re-simulate

Final validation & optimize
Y
End

Figure -1 Flowchart of the design process of the proposed work.

ws we

Figure -2 Proposed MPA design.

The initial dimensions of the rectangular patch were determined by formulas given in [24],
[25], considering the intended working frequency (38 GHz), substrate characteristics, and
specific size needs. In the beginning, we will compute the length and width of the radiating
patch. Where Wp and Lp represent the width and length of the radiation patch, c is light speed,
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er is the relative permittivity of the dielectric substrate material, ereff is the effective
permittivity, and AL refers to the Superfluous length of the radiated part.
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After the initial parameters of the radiating patch are calculated, the width and length of the
dielectric substrate material are computed using the following formulas where Ws refers to
substrate width and Ls to the substrate length.

Wy = W, + 6h; (5)
Ls = Ly + 6h; (6)

Finally, the dimensions of the feed line are determined using these formulas, where Wf and Lf
represent the width and length of the feed line.

__ 377m
B= 2Zo\/¢0 ()
Wy = %(3 —1-In(2B —1) +Z= (ln(B —1)+0.93 - Ofl)> 9)

Next, the inset feed gap (Wi) may be calculated using the following formula, where fr is the resonance
frequency.

_ 4.65x10718¢f,

W: =
t /Zgreff

The design process is segmented into three steps, with the first step being the acquisition of
the fundamental design via the use of mathematical models at the resonant frequency of 38
GHz. The second step involves improving the alignment between the feed line and the radiating
patch, leading to an observed increased return loss; this is done by inserting two rectangular
slots at the ends of the patching part. The final step involves optimizing the design by reducing
its dimensions, adjusting its resonance at 38 GHz, and further improving its return loss and
gain by insertion five slots in the middle of the patching part. Figure 3 illustrates each step of
the design process for the proposed antenna.

(10)
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| | Ly

Figure -3 Design process steps of proposed MPA (a) first step, (b) second step, (c) third step

The variables are adjusted manually, and the resulting impacts are verified using the
simulator. When adjusting the dimensions of the antenna parameters, every performance factor
for the specific design is taken into account to assess its effect on all performance metrics. The
optimized dimensions of the designed antenna are shown in Table 1.

Table 1. Optimized dimensions of the proposed antenna

Parameter Value (mm) Parameter Value (mm)
Wg 8 Wsp 0.45
Lg 5.2 Lsp 15
Ws 8 Wsm 0.25
Ls 5.2 Lsm 1.05
hs 0.254 Wsc 0.22
hg 0.035 Lsc 0.51
Wf 0.51 Wsp 0.2
Lf 1.82 Lsp 0.83
Wp 6.51 Wv 0.49
Lp 2.35 Wx 0.56
Wi 0.1 Wy 1.6
Li 0.19 Wz 0.5

The simulated coefficients of reflection (S11 parameter) for the suggested antenna through
the three steps of design are shown in Figure 4. It is a vital indication used to evaluate the
matched impedance between the transmission line and the radiation patch.
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Figure - 4. Return loss results of steps of the design process
3. Simulation results

The following section presents the simulation findings of the antenna that was developed
with the CST simulation software. Table 2 presents the detailed results of the radiation
parameters used in this study to assess the performance of the designed MPA. The parameters
specified include resonance frequency, return loss (S11), VSWR, bandwidth, gain, directivity
and, radiation efficiency. The findings demonstrate that the antenna developed exhibits
high performance across all analyzed parameters in the research. In particular, the return loss
at the resonance frequency was measured to be -49.9 dB. The very low return loss value
significantly affects both gain and directivity, both of which achieved very high
performance. This design attained a commendable bandwidth of 1.84 GHz. In addition, the
value of VSWR in this frequency band is very close to 1, suggesting a strong alignment
between the feeding equipment and the antenna. Figure 3 displays the return loss parameter
with the resonance frequency. The graph displays the annotated resonance frequency and
measured bandwidth at the specified operating frequency. Figure 6 shows the VSWR result of
the designed antenna.

Table 2- Simulation results of the proposed antenna

Resonance Return Loss VSWR  Bandwidth  Directivity Gain Radiation Efficiency
Frequency
38 -49.9dB 1.006 1.84 GHz 9.51 dBi 9.233 dBi 93.5%
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Figure -5 Return loss parameter result of the designed antenna

Furthermore, the antenna efficiency surpassed 93.5% within the specified spectrum.
Moreover, the bandwidth of the suggested antenna within the frequency range is suitable for
5G applications. The antenna produced a high gain of 9.233 dBi. The substantial increase in
value is outweighed by the very modest bandwidth attained, which was the primary aim of this
research. As previously stated, gain takes precedence over bandwidth in the development of
5G antennas, provided that the bandwidth remains sufficiently broad to accommodate 5G

services. The radiation pattern of the proposed antenna at resonance frequency is shown in
Figure 7.

VSWR

vswr

35 36 a7 38 39 40 41
frequency ( GHz)

Figure -6 VSWR result of the designed antenna
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Farfield Directivity Abs (Phi=90)

Frequency = 38 GHz

Main lobe magnitude =  9.51 dBi
Main lobe direction = 6.0 deg.
Angular width (3 dB) = 76.6 deg.
Side lobe level = -17.8 dB

Theta / Degree vs. dBi

Figure -7 Far-field results of the proposed antenna at 38 GHz in (a) 3D form and (b) 2D form

4. Frequency Tuning at 37 and 39 GHz

Operational flexibility over many frequency bands is crucial in contemporary
communication systems, especially in 5G mmWave applications, to optimize bandwidth and
enhance signal efficiency [26]. Although the antenna is intended to operate at a main operating
frequency of 38 GHz efficiently, it is often necessary to adjust the operating frequency to
neighboring bands, such as 37 GHz and 39 GHz, in order to fulfill specific system needs or
conform to various communication standards. One promising approach to do this is by
changing the physical length of the patch antenna to optimize the frequency. By precisely
adjusting the patch length, the resonant frequency of the antenna may be controlled to function
at either 37 GHz or 39 GHz without substantial alterations to the overall construction. The
current part investigates the influence of patch length adjustment on the operating frequency
of the antenna and provides the simulation findings for both the 37 GHz and 39 GHz resonance
frequencies.To get an ideal performance at a frequency of 38 GHz, the patch length is
configured to be 2.35 mm. To decrease the frequency to 37 GHz, the patch length is marginally
increased to 2.44 mm, but for 39 GHz, the length is diminished to 2.29 mm. This adjustment
is derived from the fundamental relationship between patch dimensions and resonance
frequency, wherein an augmentation in patch length results in a reduction in resonant
frequency, while a reduction in length causes an increase in frequency. The return loss of the
proposed antenna is illustrated in Figure 8 for each length of the antenna patch.
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Figure -8 Return loss results in various lengths of the patch of antenna

The simulation findings for the patch antenna at operating frequencies of 37 GHz and 39
GHz illustrate the successful tuning of frequency by adjusting the length of the patch. Operating
at a frequency of 37 GHz and with a patch length of 2.44 mm, the return loss (S11) achieves a
remarkable value of -30.6 dB, which suggests exceptional impedance matching. The design
incorporates a bandwidth of 1.94 GHz and covers the frequency range from 35.91 GHz to 37.86
GHz. At a frequency of 39 GHz, the antenna was able to produce a return loss of -39.9 dB with
a patch length of 2.29 mm, demonstrating consistent performance across the tuning range. The
proposed design specifies a bandwidth of 1.06 GHz, ranging from 38.01 GHz to 39.87 GHz.
The Voltage Standing Wave Ratio (VSWR) maintains a value near one within the resonant
frequencies, therefore providing further evidence of effective impedance matching. Table 3
provides a concise overview of the primary simulation outcomes for all three frequencies.
Figure 9 displays the VSWR findings for each matching patch length, showcasing the antenna's
consistent performance across the tuned frequencies.

Table 3- Simulation results of different lengths of patch of antenna

Patch — Resonance  Return yqye  gandwidth  Directiviy  Gain Radiation

length Frequency Loss Efficiency
2.44 mm 37 GHz -30.6 dB 1.06 1.94 GHz 9.3dBi 8.976 dBi 92.6%
2.35mm 38 GHz -49.9 dB 1.006 1.84 GHz 9.51 dBi 9.233 dBi 93.5%
2.29 mm 39 GHz -39.9dB 1.02 1.85 GHz 9.59 dBi 9.303 dBi 93.4%

All of the radiation patterns exhibit directional behavior that is constant across all
frequencies, with just a small amount of change occurring in the beamwidth and the direction
of the main lobe. The gain values are likewise consistent throughout the frequencies, with the
antenna obtaining roughly 8.97 dBi at 37 GHz and 9.303 dBi at 39 GHz. They are equivalent
across the frequencies. The findings demonstrate that the antenna continues to exhibit excellent
efficiency and consistent radiation characteristics despite the fact that the patch length has been

slightly altered throughout the study. Figure 10 illustrates the radiation pattern of the antenna
at 37 GHz and 39 GHz.
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Figure -9 VSWR results in various lengths of patch of antenna
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Figure -10. Far-field result at resonant frequencies (a) 3D far field results at 37 GHz, (b) 2D far field results at
37 GHz, (c) 3D far field results at 39 GHz, (d) 2D far field results at 39 GHz

5. Comparison with other works

Table 3 compares the designed antenna with recently published research. The suggested
antenna's advantageous radiation properties include a low return loss, steady gain, compact
design, and high radiation efficiency. These features provide evidence that the design is
compatible with communication systems that function within the millimeter wavelength range.

Table 3- Simulation results of different lengths of patch of antenna
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Operating . DeS|gn Substate Return Bandwidth Gain  Radiation
Ref. | frequency dimensions material loss (GH2) (dBi) efficienc Remarks
(GH2) (mm?) (dB) y
[13] 38 5.9x8 FR-4 -24 1.021 1.26 - low gain
Narrow
- - 0,
[14] 38 6x7.8 FR-4 20.6 640 7.25 91% bandwidth
ROGErs High return loss
[15] 38 5x5 g -12.8 767 7.67 90% and limited
RT5870 .
bandwidth
[16] 38.49 5.5%4 FR4 -42 1.23 6.61 92% Low bandwidth
Rogers wide bandwidth
- 0, ici
[17] 38 12x12 RT4003 43.8 4.54 4.2 96.6% but nog;;]:wlent
wide bandwidth
Rogers i 0 but low
[18] 38 23.7x8.8 RT5880 33 3.17 6.5 80% radiation
efficiency
Rogers ) ) Not compact
[19] 38.6 8x8 RT5880 30 1.9 7.6 design
RoGErs High return loss
[20] 37 10%6 g -20 1 6.81 85% and limited
RT5880 .
bandwidth
Rogers i 0 Large design for
[21] 38 15%25 RO3003 42 2 6.5 89.57% mm-wave range
This ROGErs Low return loss,
38 8x5.2 g -49.9 1.84 9.233 93.5% high gain, and
work RT5880 - .
wide bandwidth
6. Conclusion

This paper presents the design of a slotted microstrip patch antenna for wireless
communication applications. The main objective is to reduce power loss and enhance
performance, specifically at a frequency of 38 GHz. An analysis was conducted on many
criteria to assess the efficiency of the antenna. The design successfully attained a bandwidth of
1.84 GHz, areturn loss of -49.9 dB, a VSWR of 1.006, a high gain of 9.233 dBi, and a radiation
efficiency of 93.5%. By modifying the patch length, the antenna can work at frequencies of 37
GHz and 39 GHz while continuing to exhibit excellent radiation performance over these
ranges. This antenna attained a radiation efficiency of 92.6% at 37 GHz by extending the length
of the antenna patch while minimizing the length of the patch, and the antenna reached a
radiation efficiency of 93.4% at 39 GHz. The findings emphasize notable improvements in
performance, such as increased gain, decreased VSWR, enhanced bandwidth, and reduced
return loss. These improvements demonstrate greater power transfer efficiency, impedance
matching, and directionality of radiation patterns. To further improve the performance of the
antenna, the researcher proposes that future studies should examine different techniques and
materials. This may include various design configurations, substrate materials, or
manufacturing methods. The results obtained from the simulation conducted in this work
indicate that the microstrip patch antenna design under consideration has considerable promise
as a viable option for wireless communication systems. The next stage would include the
fabrication of the proposed antenna and the execution of experimental measurements to
contrast the actual outcomes with the simulated findings, thus assuring the practical viability
and efficiency of the antenna.
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