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Abstract

This paper gives a theoretical evaluation on how feeder lengths are appropriate for distinct conductor materials using rectangular
microstrip patch antenna shape with the help of finite integration techniques (FIT). In this study, the ground surface width is
5.6mm and the ground surface length is 4.65 mm for the rectangular microstrip patch antenna. The length of the patch is 3.44 mm
while the patch width is 4.40 mm. The substrate thickness is at 0.20 mm, the patch thickness is 0.035 mm the additional inner
feed length is 1.05 mm and the microstrip line feed width is 0.6 mm. Antenna of rectangular microstrip patch type has been
designed to work in the 20 — 36 frequency band and working frequency of the proposed antenna is 28 GHz. Compared to the use
of a single conductor on the surface of the designed patch antenna, three different conductor materials-copper, gold, and
aluminum-were applied to the patch surface of the antenna. The return loss (S11), voltage standing wave ratio (VSWR),
bandwidth (BW), directivity and gain of the microstrip antenna parameters are studied using finite integration method Computer
Simulation Technology (CST) based on nine different feed lengths in microstrip antenna design. When analyzing the feature of
the simulation, the optimal S11 can be observed at the 28 resonant frequencies in the copper conductor. According to the analysis
results, for copper conductor the best S11 was obtained at a resonant frequency of 28.03 GHz. The value of S11 is -31.19 dB and
the BW value is 968 MHz. For the gold conductor the high return loss is achieved using the at the resonated frequency of 28.01
GHz. S11 value is -32 dB and the BW value is 972 MHz Aluminum conductor has the highest value of S11 with a resonant
frequency of 28.01 GHz as shown in -33.29 dB and BW value is 976 MHz. Unsurprisingly, the characterization of the conductor
deposition on each structure shows that aluminum conductor yielded the best S11 among all the conductor types. The VSWR is
equal to 1.05 for copper conductor at resonant frequency of 28.03 GHz, 1.05 at gold conductor at a resonant frequency of 28.01
and 1.04 for aluminum conductor at a resonant frequency of 28.01 GHz. The maximum directivity values that have been attained
in the three-dimensional (3D) representation of the copper conductor, gold and aluminum conductor antennas are nearly 6.99
dBi, respectively. The maximum values of the gain are obtained for the 3D representation of copper, gold and aluminum
conductor antennas are 6.61, 6.60 and 6.58 dBi, respectively.
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1. Introduction

Wireless communication is a technology employed for transmitting information or data, typically through the use
of electromagnetic signals [1]. Currently, wireless communication is one of the rapidly growing and influential
sectors of human life and its usage is expanding [2]. Fifth generation (5G) elevates the wireless communication
network in terms of its features which include high speed communications, faster data transfer, low delay or latency,
and dependable connections [3].

Corresponding author. Tel.: + 0 (274) 443 43 43; fax: + 0 (274) 265 20 13.
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The impact of the progressive development of wireless communication has been illustrated by introducing a new,
unique approach to both improve communication reliability and the utilization of the NOMA system with the help
of UAV assistance [4]. Studying the outcomes of the radio wave signal transmission scheme called the orthogonal
time frequency space non-orthogonal multiple access (OTFS-NOMA) in highly mobile users for 5G wireless
communication and analyzing its effects on the reliability and effectiveness of mobility-based programs has brought
into the light one of the highly significant wireless application zones for 5G [5, 6]. Cited in the article are the fairly
appealing findings in ergodic capacity estimation with artificial neural networks in conjunction to underscore the
role of innovation in CNS for reliability [7]. Specifically, this survey investigates the 5G wireless communication by
assessing the bit error rate (BER) of downlink NOMA systems. Regarding reliability and efficiency, this analysis
elucidated the imperative role played by the 5G wireless communication systems [8]. In this way, through the
analysis of previous studies, it can be concluded that microstrip antennas have the potential to fulfill the demands of
5G communication systems [9]. From examining the functions of microstrip antennas and from the assessments of
the capability of microstrip antennas to meet the demands of the 5G application, an efficient microstrip antenna
design with wide bandwidth was proposed [10]. Patch antennas are also known as microstrip antennas; they are
becoming more prevalent in almost all wireless communication applications including space communications [11].
With the increasing technology in communication engineering, there is a rise in the complication of the shape of
antennas which the analytical methods cannot offer a full explanation; thus, computational electromagnetic models
are used to solve them fully. This reveals the general situation with the antenna structures and field radiation that
make it hardly possible to obtain a full solution of the antenna problems using solely the analytical methods it is
necessary to apply the computational electromagnetic models (CEM) in addition [12]. This paper has shown that
finite difference method, the finite element method (FEM) and the integral equations method used to solve
Maxwell’s equations are important numerical methods that can be employed when handling these equations. These
methods involve using Maxwell’s equations to recalculate the electric and magnetic fields within a body confined by
a set of physical boundary conditions. This leads us to the core of this mathematical formulation: Maxwell’s
equations are at the heart of this description. These equations make the foundation of electricity and magnetism
which are composed of four laws [13]. Finite integration technique (FIT) has been introduced to solve Maxwell’s
equations for six-component fields on a finite region of space. It presents a numerical solution of Maxwell’s
equations and uses a differential formulation of Maxwell’s equations adopting the finite difference method [14].
From the above analysis, it can be ascertained that the FIT method has been applied in analyzing antennas and
antenna arrays. One of these procedures is where Maxwell’s equations are solved employing the finite element
method. The aforementioned technique, which is derived from FEM and used to model and analyze antenna
structures and surrounding fields, is useful for evaluating complicated antenna structures and gives the theoretical
framework for using numerical solutions [15]. Computer Simulation Technology (CST) Microwave Studio — this is
an electromagnetic simulation software package used in the engineering field. A detailed study of feed lengths that
are likely to determine the performance of the microstrip patch antennas has been done [16]. This paper aims at
analyzing the performances as well as designing techniques of the antennas commonly used in high-frequency 5G
communication technology [17]. This paper focuses on the analysis of the effect of feed length on the microstrip
patch antennas and how that may affect their efficiency. Generally, an antenna feed length longer than the current
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half-wavelength adds more current at each turn in the magnetic loop, thus enhancing the effectiveness of the antenna
as compared to shorter feed lengths that decrease the efficiency of the antenna. These results support the assertion
that the feed length is a factor among the larger considerations in the design of microstrip patch antennas [18].

In this study, a microstrip patch antenna of rectangular shape is designed at 28 GHz with various conductor
thicknesses, but having the same geometrical parameters and with various feed lengths of the antenna in the 20-36
GHz for 5G wireless communication systems in the CST environment. As observed from the previous simulation
results where graphical representations of the three materials used for patch conductors are presented, it is clear that
the three materials match the desired operating frequency and operating potential. On analyzing the above graphs
based on the return loss (S11), it is also found that all the conductors used here provide the optimum results at the
feed length of 1.05 mm. It was seen that return loss depends on conductor type and the best conductor was
aluminum, gold and copper.

The rest of the paper is composed of the following sections. In section 2, improving upon the propagation
characteristics of signals through microstrip patch antennas is demonstrated by simulating sophisticated
electromagnetic fields by FIT. First, it discusses the theory that is relevant to the microstrip patch antenna design. In
section 3, the design and simulation of rectangular microstrip patch antenna for wireless communication is
described. Thus, the roles of the mentioned 5G antenna parameters of S11, voltage standing wave ratio, bandwidth
(BW), gain, and directivity in CST simulation are analyzed in the antenna for various conductor patches and feed
lengths in the range of 20-36 GHz with the operating resonance at 28 GHz. Based on the simulation results in
section 4, the best conductor patch and the optimal feed length are presented.

2. Microstrip Patch Antenna (MPA) Design

The differential formulation of Maxwell's equations can be solved by the FIT. FIT employs something called
finite integration as the mechanism for analyzing the behavior of electromagnetic fields. As suggested by its name,
FIT is an efficient method of taking a limited number of measurements of the strengths of the electromagnetic fields
and computing the measured fields. Using the finite difference method, the derivatives of the fields are
approximated in a numerical form, and in this manner, a numerical solution to Maxwell’s equation is derived. This
method is applied where the real situations of electric and magnetic fields are desired and in the resolution of high
precision such as lithography [19].

The microstrip antenna is made of an upper metal strip as its top layer. This is a thin strip of metal that provides
the primary framework of the antenna, and its function is to code and send electromagnetic waves. They are
generally formed of conductive materials. A link that connects various parts of a single software program or a
related group of programs is also referred to as a patch. The middle layer is made of a dielectric material whereas the
top layer is made of a conductor material called metal. The interlayer affects the electrical characteristics of the
antennas and assists in their operating efficiency. The lowest layer of the radiating system in the case of transmitting
antennas is a substrate or a reflective surface placed under the antenna. This layer gives directed radiation and
enhances the ability of the antenna in its operation [20]. In the design process of microstrip patch antennas for
5G/B5G (beyond fifth generation) applications, performance criteria such as frequency, bandwidth, gain and
directivity has been evaluated. These criteria affect the antenna performance to be used in 5G/B5G applications [21].
Modular antenna arrays designed in the 5G field have been shown to have high performance in real-world
applications in terms of antenna performance, cost-effectiveness, scalability and application [22]. The simplest
kind of microstrip patch antenna is illustrated in Figure 1.
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Fig. 1. Microstrip patch antenna structure.

In the operation of microstrip antennas, achieving optimal performance requires careful selection and placement
of the feed point and SMA port to facilitate efficient reception and transmission of RF signals by the antenna. In this
investigation, a 50-ohm SMA port serves as the feed interface. The feed structure for the microstrip patch antenna is
shown in Figure 2.

Wp

Gpf Wi

Fig. 2. Microstrip patch structure with patch feed.
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A microstrip patch structure is used with a patch feed. The width (W) and length (L) of the antenna patch are
determined using Equation (1);

c

W = . @
Zf Er+1
o 7‘"2

To calculate the length (L.sf), we first determine the dielectric constant (€,.s) from the Equation (3) and
substitute it into Equation (2);

Cc

L= . @)
2f
o Seff

The effective dielectric constant is determined using the formula in Equation (3);

€41 -1 hy_
Eopp =+ —+(A+12)7V2 ©))

The total length is derived using the following formula;

€orr+0.3)(2+0.264
AL = 0412 EtOIGo260 )
(Eeff—O.ZSS)(F—O.B)

The length extension (A L) is calculated as;
The length of the inner part can be determined through the formula defined as [23];

F, =% 6)

3. Antenna Design and Analysis for 5G & Beyond Wireless Communication

The objective of this research is to present an innovative microstrip antenna for 5G wireless networks that offer
better radiation characteristics and is convenient in terms of dimension and mechanical stability. Thus, defining 28
GHz as a resonant frequency in this study. Rogers5880 is employed for dielectric layer material. The layer thickness
of can be noted that for H = 0.2 mm and the dielectric constant Er =2.2. From the resonance frequency equations,
the respective dimensions of the WP and LP antennas are found, and patch size is calculated as 4.4 mm and 3.44
mm, respectively. The ground plane dimensions are WG= 5.6 mm and LG=4.65 mm. The proposed internal feed
length is calculated using Equations (1)-(6). The feed length F=1.05 mm, the feed length width WF=0.6 mm, the gap
between the patch and the feed line G=0.1 mm. The design of the antenna structure presented in this work with the
help of CST is shown in Figure 3.
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Fig. 3. Structure of the designed antennas.

The antenna dimensions used for the rectangular patch microstrip antenna design are shown in Table 1.

Table 1. Design parameters and dimensions of the proposed antenna.

Parameters Definition Value (mm)
WG Floor and Surface Width 5.60

LG Floor and Surface Length 4.65

WP Patch Width 4.40

LP Patch Length 3.44

H Thickness of the substrate 0.20

MT Patch thickness 0.035

Gpf Gap between patch and feed line 0.10

Fi Inner feed length 1.05

WF Microstrip line feed width 0.60

The antenna designs utilize copper, aluminum and gold conductors in their construction. The measurements for
S11, VSWR, BW and antenna radiation patterns are conducted for each conductor type across nine feed lengths
using the calculated patch antenna dimensions.

The return loss graphs for the copper, gold, and aluminum conductors are shown respectively in Figure 4, 5 and
6.
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Fig. 4. Return loss for the copper conductor.
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Fig. 5. Return loss for the gold conductor.
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Fig. 6. Return loss for the aluminum conductor.

VSWR is a critical parameter indicating voltage variations along the transmission line. The graphs illustrating
VSWR are presented in Figures 7-9.
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Fig. 7. VSWRs for the copper conductor at nine different feed lengths.
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Fig. 8 VSWRs for the gold conductor at nine different feed lengths.
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S11, VSWR, Frequency (Fr) and BW values for three different conductors at nine different feed lengths are

shown in Table 2.

Table 2. S11, VSWR and BW values of different conductor antennas for different feed lengths.

Fig. 9 VSWRs for the aluminum conductor at nine different feed lengths.

Conductor Material Inner feed length S11(dB) VSWR Fr (GHz) BW (MHz)
fi:0.8mm -12.13 1.65 28.03 814
fi:0.85mm -13.43 1.54 28.03 950
fi:0.9mm -5.11 1.42 28.03 973
fi:0.95mm -17.61 1.30 28.03 1002
Copper fi: Imm -21.72 117 28.03 996
fi:1.05mm -31.19 1.05 28.03 968
fi:1.1mm 2753 1.08 28.03 908
fi:1.15mm -18.96 1.25 28.03 820
fi:1.2mm -14.25 1.48 28.03 693
fi:0.8mm -12.17 1.65 28.01 828
fi:0.85mm -13.47 1.53 28.01 927
fi:0.9mm -15.20 1.42 28.01 987
fi:0.95mm -17.62 1.30 28.01 1018
Gold fi: 1mm -21.81 1.17 28.01 1002
fi:1.05mm -32.00 1.05 28.01 972
fi:1.1mm -28.34 1.07 28.01 910
fi:1.15mm -19.20 1.24 28.01 820
fi:1.2mm -14.39 1.47 28.01 692
fi:0.8mm -12.28 1.64 28.01 843
fi:0.85mm -13.60 1.52 28.01 939
fi:0.9mm -15.37 1.41 28.01 996
) fi:0.95mm -17.86 1.29 28.01 1017
Aluminum fi: Imm 2231 1.16 28.01 991
fi:1.05mm -33.29 1.04 28.01 976
fi:1.1mm -27.48 1.08 28.01 914
fi:1.15mm -18.88 1.25 28.01 822
fi:1.2mm -14.21 1.48 28.01 690

In Table 2 we observe that, for a feed length (Fi) of 0.8 mm the resonance frequency of the microstrip patch
antenna with copper conductor is 28.03 GHz, with a S11 of -12.13 dB a VSWR value of 1.65 and a BW of 814
MHz. The resonance frequency for the antenna with the gold conductor is slightly lower at 28.01 GHz with an S11
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value of -12.17 dB VSWR value of 1.65 and bandwidth of 828 MHz. Similarly, the microstrip patch antenna with
aluminum conductor also resonates at around 28.01 GHz with an S11 value of -12.28 dB VSWR value at 1.64 and
BW reaching up to 843 MHz.

For a feed length (Fi) increased to 0.85 mm, the S11 varies as follows: for the copper conductor, it is -13.43 dB
with a VSWR of 1.54 and a bandwidth of 950 MHz; for the gold conductor, it is -13.47 dB with a VSWR of 1.53
and a bandwidth of 927 MHz; and for the aluminum conductor, it reaches -13.60 dB with a VSWR of 1.52 and a
bandwidth of 939 MHz.

When the feed length is 0.9 mm, for the copper conductor microstrip patch antenna the S11 is -5.11 dB with a
VSWR of 1.42 and a BW of 973 MHz. For the gold conductor microstrip patch antenna, the S11 is -15.20 dB with a
VSWR value of 1.42 and a BW of 987 MHz. Meanwhile, for the aluminum conductor microstrip patch antenna the
S11is-15.37 dB with a VSWR of 1.41, and a BW of 996 MHz.

As shown in Table 2, this is at the feedlength of 0.95 mm, the copper conductor microstrip patch antenna gain an
attractive S11 value at -17.61 dB with VSWR value of 1.30. BW at 1002 MHz. The S11 value at -17.62 dB, VSWR
at 1.30 and BW at 1018 MHz obtained for the gold conductor microstrip patch antenna The S11 value of the
aluminum-conductor microstrip patch antenna is -17.86 dB, the VSWR value is 1.29, and the bandwidth is 1017
MHz.

The S11, VSWR, and BW are -21.72 dB, 1.17 and 996 MHz, respectively, for the copper conductor microstrip
patch antenna when the feed length is 1 mm. For the gold conductor variant, the S11 value is -21.81 dB, with a
VSWR of 1.17 and a bandwidth BW of 1002 MHz. An aluminum conductor microstrip patch antenna has S11=-
22.31 dB, VSWR=1.16, and BW=991 MHz.

The S11 of the copper conductor microstrip patch antenna, for a feed length of 1.05 mm, is -31.19 dB, with a
VSWR of 1.05, and the proposed antenna has a BW of 968 MHz. The gold conductor version returned an S11 of -32
dB VSWR 1.05 up to 972 MHz, while the aluminum conductor type has an S11 of -33.29 dB VSWR 1.04 with BW
reaching approximately 976 MHz.

With the feed length set to be at 1.1 mm, observations for the copper conductor microstrip patch antenna include
an S11 reading of around -27.53 dB along with a VSWR value about 1.,08 within a BW that reaches up to, around
approximately 908 MHz. The gold conductor microstrip patch antenna has an S11 value of -28.34 dB a VSWR
value of 1.07 and a BW of 910 MHz. For the aluminum conductor microstrip patch antenna, the S11 value is -27.48
dB the VSWR value is 1.08. The BW is 914 MHz.

When the Fi measures 1.15 mm, the copper conductor microstrip patch antenna exhibits an S11 value of -18.96
dB a VSWR value of 1.25, and a BW of 908 MHz. In comparison for the gold conductor microstrip patch antenna at
this feed length, we observe an S11lvalue of -19.20 dB with a VSWR of 1.24 and a BW of 820 MHz; while for the
aluminum conductor version, it is depicted that the S11 value of 18.88 dB with a VSWR of 1.25 and a BW of 822
MHz.

With a feed length set at 1.2 mm, the copper conductor microstrip patch antenna exhibits an S11 value of -14.25
dB alongside a VSWR value of 1.48 and a BW spanning 693 MHz. The gold conductor microstrip patch antenna
records a S11 value at -14.39 dB with a VSWR value of 1.47 and BW reaching up to 692 MHz; similarly, the
aluminum conductor variant showcases a S11 reading at -14.21 dB with a VSWR figure of 1.48 and BW capped at
690 MHz.

The path of the antenna radiation is a mathematical description of antenna radiation fields in the long-range
direction at different spatial positions. This model helps in evaluating the nature of density of the radiated power of
the antenna and details the emission from the antenna at great distances of the electromagnetic waves. The antenna
selection model is determined by factors such as the antenna dimensions, operating frequency, and the feeding
techniques and influence of the environment. Thus, the antenna radiation pattern is used for the assessment of the
performance and efficiency of the antenna in the communication system and constitutes an important element of a
communication system. The conductor cross-sectional representations from three distinct current-carrying forms are
presented in Figures 10-12.
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Fig. 10. 2D antenna radiation pattern for the copper conductor.

Fig. 11. 2D antenna radiation pattern for the gold conductor.
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Fig. 12. 2D antenna radiation pattern for the aluminum conductor.
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The three-dimensional (3D) directivity representation of the antennas design can be seen in Figure 13-15.

Fig. 13. 3D directivity pattern of the copper conductor antenna.
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Fig. 14. 3D directivity pattern of the gold conductor antenna.
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Fig. 15. 3D directivity pattern of the aluminum conductor antenna.
The maximum directivity values in their three representations are approximately at about 6.99 dBi for copper

conductor, gold conductor and aluminum conductor antennas.
Additionally, Figures 16-18 exhibits three-dimensional representations of gain patterns, for these antennas.
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Fig. 16. 3D gain pattern of the copper conductor antenna.

Fig. 17. 3D gain pattern of the gold conductor antenna.
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Fig. 18. 3D gain pattern of the aluminum conductor antenna.

The maximum gain values of the 3D representation for the copper-conductor, gold-conductor and aluminum-
conductor antennas are 6.61, 6.60 and 6.58 dBi, respectively.

4, Conclusions

In this study, a microstrip patch antenna of rectangular shape is designed at 28 GHz with various conductor
thicknesses but having the same geometrical parameters and with various feed lengths of the antenna in the 20-32
GHz for 5G wireless communication systems in the CST environment. As observed from the previous simulation
results where graphical representations of the three materials used for patch conductors are presented, it is clear that
the three materials dovetails into the desired operating frequency and operating potential. On analyzing the above
graphs based on the return loss, it is also found that all the conductors used here provide the optimum results at the
feed length of 1.05 mm It was observed that the return loss varies with the type of conductor, with aluminum being
the most effective, followed by gold and copper.

There is much influence of the various types of conductors used on the material of the antenna patch and the feed
lengths used in microstrip patch antenna based on the findings of this study. We determined that a feed length of
1.05 mm yields the optimal return loss compared to the three conductor types assessed in this study. For the copper
conductor, they were able to attain a return loss of -31.19 dB at a resonant frequency of 28.03 GHz and BW 968
MHz. The gold conductor is slightly better at a center frequency of about 28.01 GHz obtaining a S11 of -32 dB and
a bandwidth of 972 MHz. However, the aluminum conductor achieved the superior S11 of -33.29 dB at the same
resonant frequency 28.01 GHz with the greatest BW 976 MHz among all three conductors. Fortunately, the analysis
results show that at the respective resonant frequencies of the three conductors, the VSWR level remains at the low
value of 1.05. A VSWR of 2 or less indicates high efficiency in antenna operation. Based on these findings,
microstrip patch antennas with optimized feed lengths and various conductors are expected to exhibit improved
radiation characteristics suitable for 5G applications.
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