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ABSTRACT: Microstrip antennas possess a compact form factor, exhibit a low profile, and
demonstrate a lightweight nature, thereby enabling their suitability for deployment on both planar
and non-planar surfaces. When the framework is installed, it requires a comparatively small amount
of space. The production of printed circuits has become a facile and inexpensive process owing to
advancements in contemporary technology. Antennas with a low profile are often required owing
to space, weight, cost, performance, simplicity of installation, and aerodynamic profile in powerful
planes, spaceships, satellites, and rocket operations. Many other applications, not only mobile radio
and wireless communications, have comparable requirements. Microstrip antennas are a useful tool
for accomplishing this goal. A proposal has been put forth to utilize a patch antenna for 5G cellular
connectivity at 28 GHz, with the aim of generating robust beams on the azimuthal plane. The
antenna proposed in this study exhibits a radiation efficiency of 93.46 percent and a total efficiency
of 92.80 percent, as demonstrated through simulations. This study showcases the feasibility of
producing millimeter-wave antennas operating at 28 GHz through the utilization of cost-effective
additive manufacturing techniques. The simulation of all outcomes is conducted through the
utilization of the CST Microwave Studio.

Keywords: Microstrip, 5G, 28 GHz, Radiation Efficiency, Millimeter-wave, CST Microwave.

Introduction:

The last few decades have witnessed significant advancements in mobile
communications. It is expected that the implementation of 5G networks will occur in the
initial stages of 2020-21. The advanced 5G network is characterized by high data rates,
large bandwidth, minimal fading, and diverse communication capabilities among various
devices. Studies have shown that the millimeter (mm) and centimeter (cm) wavebands
may provide greater bandwidths than the third- and fourth-generation (3G and 4G)
frequency bands. The WRC-15 conference was convened to deliberate upon the
prospective expansion of IMT (International Mobile Telecommunications) infrastructure.
The conference reached the resolution that mobile frequency bands ought to be situated
within the range of 24.25 to 86 GHz [1]. The 28 GHz resonance frequency offers numerous
supplementary advantages. In order to facilitate NLoS communications, it is practical and
easy to provide varying route conditions during high-frequency operations. The 28 GHz
frequency spectrum is also seen as a key enabler for the introduction of 5G services in real-
world contexts. During the PyeongChang Winter Olympic Games in 2018, a trial was
conducted on 5G consumer devices utilizing a 28 GHz frequency band [2]. Antennas for

both mobile devices and base stations have been the subject of substantial research in the
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context of 5G technology [3, 4]. Using lower 4G frequencies may help overcome the
problem of considerable route loss in mm-wave bands, which is one of the key hurdles in
antenna design. Due to the increased route loss and stoppage encountered at millimeter-
wave frequencies, the signal-to-interference-plus-noise ratio (SINR) may be greatly
improved by comparing systems at microwave frequencies. In cases where a line-of-sight
(LOS) connection is present, point-to-point (P2P) broadcasting in the millimeter-wave
frequency band is employed as a means of mitigating this loss. The selection process
involves opting for a high-gain antenna and a highly directional beam, as referenced in

sources [5] and [6]. Typically, a microstrip patch antenna consists of four constituent parts,
namely the patch, ground plane, substrate, and feeding component. The estimation of
input impedance for the radiation pattern can be achieved by determining the frequency.
The term "patch" denotes a narrow metallic strip that exhibits non-conductive properties
and is situated on a singular surface of a slender substrate. The metallic material present
on the ground plane exhibits identical properties to the one situated on the opposing side
of the substrate. The thickness of the substrate layer falls within the range of 0.01 to 0.05
times the wavelength of the electromagnetic wave in a vacuum. The principal purpose of
this constituent is to furnish mechanical reinforcement and serve as an interstice amid the
patch and its corresponding ground plane. When combined with materials possessing
high dielectric constants, it is commonly employed to load the patch and reduce its
dimensions.

DESIGN PROCEDURE:

The formula (1) for determining an effective radiator width that results in favorable
radiation efficiencies is expressed as

we 2 _ vy [ 2 (1)
- 2fr /€0l \] Er+1 - 2fp Al er+1

The symbol vo denotes the speed of light in a vacuum.

The formula (2) can be utilized to determine the effective dielectric constant of the
microstrip antenna.

[1+12 %]_1/2 @)

grt+l er—1

2

+

Eeff =

Upon obtaining the value of W through the aforementioned equation, the extension of
length AL can be determined by utilizing the formula (3)

(erefr+03) (3+0.264)

== 0412 x 3)

The calculation of the patch length can be determined by solving the previously
mentioned equation for the variable L, as it is represented by the following expression (4):

Erefr—0.258) (1+0.8)

1
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Simulation tools are software programs used to create virtual models of real-world

systems. These tools allow users to test and analyze the behavior of a system under
different conditions without the need for physical prototypes. Simulation tools are widely
used in various fields, including engineering, science, and business, to optimize designs,
improve performance, and reduce costs.

CST:

The mentioned computational tool exhibits proficiency and precision in resolving diverse
antenna configurations. [1]

Objectives of the research:

The main aim of this research is to develop and assess a patch antenna operating at high
frequencies that demonstrates exceptional radiation efficiency. The proposed high-band
antenna operates at a frequency of 28 GHz, which is commonly considered the most
suitable frequency for 5G technology.

Accomplishments:

To attain optimal implementation, we focused on achieving effectiveness in total
efficiency, radiation efficiency, S-parameter, and antenna gain. This section provides an
overview of the research conducted. The present study has been structured in a manner
that enables graduate, BSc, and master's students to comprehend the research findings
presented in this paper and derive benefits from them. The present study's organizational
structure is as follows:

The problem statement is the central issue or concern that the research aims to address.
The statement offers a succinct and unambiguous exposition of the subject matter that the
research aims to explore. The current focus of research in 5G antenna design is centered
on achieving high total efficiency and radiation efficiency in order to address issues such
as low data rates, path losses, and heavy traffic for both personal and commercial
applications.

POSSIBLE APPLICATION OF THE PROPOSED METHOD

The current investigation is centered on the design and implementation of a high-
frequency patch antenna. A rectangular patch antenna was created specifically for 5G
applications, with consideration given to the resonant frequencies of the technology. To
accurately evaluate the properties of a material, it is essential to consider three critical
factors: the resonant frequency, the relative permittivity of the material, and the thickness
of the material. As per a cited source, the anticipated frequency ranges for 5G technology
fall between 26.5 and 30 GHz. The primary objective of the current antenna model is to
enhance efficiency for 5G applications, which is accomplished by modifying antenna
characteristics based on a comprehensive review of recent research. Various techniques
are available for constructing a high-frequency antenna [7].
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The suggested approach for fabricating a patch antenna utilizing a solitary strip feedline
entails the utilization of five radiating patches that are systematically arranged on a
rectangular patch. The antenna proposed has been designed and simulated utilizing CST
software. The current patch antenna is illustrated in Fig. 1. and Fig. 2. which display its
frontal and three-dimensional viewpoints, respectively. The ground plane of the antenna
under consideration is situated on the lowermost layer of the substrate. A Taconic TLY-5
substrate with a thickness of 0.79 mm has undergone etching to produce a rectangular
patch. The positioning of the feedline is situated on the topmost stratum of the substrate.
The Taconic TLY-5 substrate is utilized with a feeding layer thickness of h =0.79 mm and
an antenna sheet length of L1 = 4.32 mm, while r =2.2. Table 1 displays the recommended
dimensions for the antenna.

The proposed model's noteworthy design proposition can be succinctly summarized as
follows:

The WR-28 rectangular waveguide is utilized to energize the feed line in a conventional
manner. The Taconic TLY-5 substrate is utilized as the optimal substrate for high-
frequency applications. The ground plane is constructed from aluminum, while the
patches utilized for radiation conduction are composed of copper and lead, chosen for
their high conductivity. The five radiating patches are relatively short, resulting in
suboptimal gain during radiation transmission. Two parasitic patches have been
incorporated, which are being supplied by the central patches. By implementing this
method, it is possible to enhance both the bandwidth and gain of the antenna. The table
presented below, denoted as Table (1) and contains all the relevant parameters.

The rest of the paper is divided into several sections. Section II focuses on Contributions
to Research, highlighting the novel aspects of our work. In Section III, we study Related
Work, where we review relevant literature to enhance our understanding and refine our
research. Section IV is dedicated to Methodology, where we provide detailed examples of
our approach. Moving on to Section V, we present the Simulation Results and
Performance Evaluations, offering insights into the effectiveness of our methods. Section
VI concludes with the Conclusion and Future Work, summarizing our findings and
outlining potential areas for further exploration. Finally, the References section provides
a comprehensive list of the sources cited throughout the paper.

Contributions to Research

The principal contribution of this study lies in its ability to devise a design that exhibits
optimal performance in terms of total efficiency, radiation efficiency, S-parameters, and
antenna gain. Over the course of recent decades, there has been a rapid advancement in
mobile communication systems. The subsequent generations have consistently exhibited
enhanced performance capabilities. Current 4G networks may provide peak data speeds
in excess of 1 Gbps, paving the way for the introduction of a wide variety of useful and
compelling new services including wireless video calling, remote home monitoring, and
machine-to-machine interactions. The antenna system consists of five radiating patches, a
waveguide, and a waveguide-to-microstrip line transition. The substrate utilized for the
line and patches is a commercial Taconic TLY-5 with a thickness of 0.79mm. The input
wave is introduced into the waveguide through the utilization of the fundamental mode
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TE10. Subsequently, the signal is conveyed to the WMLT. A narrow rectangular probe
was utilized and directly affixed to the substrate. The wave propagates through the 50-
ohm transmission line and subsequently emits radiation via the five radiating patches.
The arrangement of the five patches that emit radiation comprises a central patch that has
been truncated, two patches that are parasitic in nature, and two side stubs that are open-

ended. The antenna simulation employs the parameters outlined below:

The impedance of an electrical circuit refers to the resistance it offers to the current flow
upon application of a voltage. It is necessary for the impedance of both the antenna and
transmission cable to be identical, with a standard impedance value of 50. In cases where
the impedance is not matched, a matching circuit is employed to align the impedance of
the antenna and transmission cable. The parameter being discussed is the return loss, also
known as S11. The ratio between the power reflected by the antenna and the power
supplied to the antenna. The following equations demonstrate the return loss of the input
port. The variable Vf represents the forward voltage that is propagated along the
transmission line, while Vr denotes the reflected voltage.

_Yr _ZL=2%
Sll - vy - Z1+2zp (5)
In equation (5), Zt denotes the load impedance, whereas Zo represents the impedance of
the broadcast line. The logarithmic quantity used to express Su is known as the return loss
of the input, denoted as in equation (6) RLinput.

RLinput = _2010910|511| db (6)

Bandwidth is a technical term that pertains to the volume of information that can be
conveyed through a communication channel or network within a specific timeframe. The
term "bandwidth" in relation to an antenna denotes the spectrum of frequencies within
which the antenna can function accurately. The antenna under consideration provides a
bandwidth of 1.158 GHz when operating at a frequency of 28 GHz. The radiation pattern
is a crucial aspect of antenna performance.

The radiation or antenna pattern exhibits the relative magnitude of the emitted field in
different directions from the antenna while preserving a uniform distance. The antenna
must possess the capability to cover the suggested frequency ranges while exhibiting
minimal feed port impedance mismatch and sufficiently high radiation efficiency. The
input impedance of an antenna in equation (7) is a significant parameter.

Zin=Rin + inn (7)

Rin=Rr+ Re (8)

Equation (7) represents the input impedance that is perceived at the antenna's feed point.
The component Rin in equation (8) can be bifurcated into two discrete resistive
constituents, specifically the radiation resistance and the loss resistance. The absence of
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the Xin component in the input impedance of the high-band antenna under consideration
is attributed to resonance.

The concept of directivity is a crucial aspect of the field of acoustics. The directional
capability of an antenna refers to its ability to focus a beam in a particular direction during
transmission or to receive energy with greater precision from a specific direction during
the reception. The power density can be calculated when the antennas are equidistant at

a distance denoted by "r." Consequently, the component of directivity in equation (9)
denoted as D is

p = fmax 9)

Fi

W,

Wi

12 | .

Fig. 1. The front view of the antenna design
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Fig. 2. Dimensional view of the antenna design
RELATED WORK
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Comparison of various models

Table (2) provides a comparative evaluation of the antenna component in comparison to
recently printed high-band antenna projects. The objective is to assess the performance of
the proposed high-band antenna in relation to the current projects. The present designs
exhibit instability in contrast to the anticipated radiation efficiencies and maximum gains.
The design has yielded consistent antenna gains exceeding 5 dB and radiation efficiency
surpassing 80% for the specific frequency bands under consideration. The primary cause
can be attributed to the uniform field distributions that envelop the antenna. The antenna
under consideration exhibited a simplistic configuration, rendering it advantageous for
pragmatic implementations.

TABLE 1. Proposed antenna dimensions and parameters

Parameter Dimension
(mm)

Wi 19.9
Wy 30

I1 4.32
I 7.43
Is 3.3

L 2.23
Is 1.5

Is 4.35
Wi 0.95
W 2.64
Ws 0.56
Wi 0.57
Ws 4.45
W 2.1

H 0.79
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Ly 22
Er 2.2
G 0.25

METHODOLOGY
Analysis and Presentation of Experimental Findings

The antenna under consideration has been devised and modeled utilizing the prescribed
parameters. Upon performing a simulation, a variety of outcomes were acquired and
analyzed, encompassing VSWR, return loss, directivity, gain, efficiencies, E-field, surface
current distributions, and radiation performance. The following section provides a
discussion of the aforementioned results.

TABLE 2. Comparison Of the Proposed Antenna with other Antennas

References Radiation | Total Gainin
Efficiency | Efficiency dB
(%) (%)
Sub-mm wave array antenna[8] 79 90 12
Dielectric patch array antenna[9] 88.5 88.8 12.48
Dielectric patch array antenna[9] 78.2 76 11.61
Dual band printed slot antenna[10] 91.7 91 4.2
Compatible based array antenna[11] 95 80 13
3D-convege phased array antenna [12] 92 91.9 10
Steerable 28 GHz array antenna[13] 88 87 12.6
Umbrella shape patch antenna[14] 92.2 91 7.88
Compact dual band patch antenna[15] 62 61 7.71
Dual band FIPA antenna[16] 69 3.75
Slot directive antenna[17] 73 72 6.6
MM wave MIMO antenna[18] 77 76 6-8
Slot circular patch antenna[19] 85.6 7.6
Millimeter-wave antenna arrays[20] 80 79.53 26
Terahertz SIW slot antenna[21] 76.27 4.9
MIMO antenna array[22] 88.58 87 11.33
Compact slotted microstrip antenna[23] 82.08 8.735
Arc slot antenna[24] 82 81 17.2
Proposed result 93.46 92.80 6.566

The concept of return loss

Achieving high return loss across a broad frequency spectrum poses a significant
challenge. In the scenario of a wideband, it is possible that the antenna-matching
components could experience significant losses. The proposed antenna's high and wide
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bands result in a notable improvement in return loss for 5G applications. The
mathematical expressions below are utilized to represent the return loss of an input port,
where Vf represents the voltage that is launched down the line in the forward direction
and Vr represents the voltage that is reflected.

_Vf _ ZL~Z0
S = v zp+zg (10)

Equation (10) denotes that Zv represents the load impedance, while Zo represents the
impedance of the broadcast line. The logarithmic quantity for Su, which is the return loss
RLinput, is expressed in equation (11) as RLinput.

RLinpue = —20logy0|S11] db (11)

The antenna proposed is depicted in Fig. 3. with clear resolution as a high-frequency
antenna. At the resonant frequencies of 28 GHz, the return loss measures -36.87 dB. The
5G network operates within a frequency range spanning from 20 GHz to 1 THz. The
frequency of 28 GHz is widely considered the most suitable for 5G technology, as it has
the potential to effectively manage forthcoming cellular connectivity requirements.

[Parametric Plot] [Magnitude in dB]

[st1(0): 36.874070] P P 51,1(1)

26 26.5 27 27.5 285 29 295 30
Frequency / GHz

Fig. 3. The rear view of the antenna design

The concept of directivity

The estimation of power density is feasible under the condition that the antennas are
positioned at an equal distance, which is represented by the variable "r." The directivity
element, denoted by D, can be mathematically represented as the quotient of the
maximum radiation intensity, Fmax, and the radiation intensity at a specific location, Fi.
The value of Fi can be determined by dividing the transmitted power, Pt, by 4m, as

demonstrated in equation (12).
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D =22 \here F;, = L3 (12)

F; 41

The equation denoted as (8) specifies that Fmax represents power density, Pt denotes
radiated power, and Fi signifies radiation intensity.

SIMULATION RESULTS AND PERFORMANCE EVALUATION

The utilization of parasitic patches is being employed to augment the effectiveness of the
proposed patch. The findings of the simulations suggest that the implementation of this
approach has resulted in an increase in antenna gain, directivity, and radiation efficiencies
shown in Fig. 10. The equation (13) for determining the overall directivity capacity is
expressed as follows:

D array (0, ¢) = AF x D (0, ¢) (13)

where D (0, ¢) represents the directivity of an individual component. The monosyllabic
term in question is occasionally denoted as the design element. Fig. 4. illustrates the
prevailing antenna directivity at a frequency of 28 GHz. Based on the three-dimensional
analysis of the antenna, it has been determined that the path of radiation is situated along
the positive y-axis. At the specified frequency, the antenna exhibits a directivity of 6.9 dBi.

GAIN OF ANTENNA:

As per Balanus, the amplification can be mathematically represented as the multiplication
of directivity and efficiency. The mathematical expression for the gain of an antenna can
be represented as the outcome of multiplying the directivity of the antenna by its
efficiency.

Antenna Gain = Directivity x Antenna Efficiency
The expression denoted as Equation (14) represents the complete power emitted by an

antenna in the form of a surface integral. The distance d is the RM.S. field power in free
space, which is represented by E. The integral is defined in a precise manner.

a? 2m om
Fi = 1207 fo fo (14)

Equation (15) specifies the gain relative to an isotropic antenna when En represents the
field strength in a specific direction. The gain, denoted as gi, is calculated as follows:

ATEZ
fozn f: E2s5in0d6de

9= (15)

The variable labeled as "Gi" signifies the amplification that is exclusively ascribable to the
directional attributes of an antenna's radiation pattern. The antenna under consideration
incorporates effective design principles to minimize electrical losses to a practical degree.
The necessity of beam formation arises from the high density of the 5G network and the
path loss in the millimeter wave spectrum. High-gain millimeter-wave beams can
effectively mitigate the impact of greater path losses, thereby resulting in reduced power
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demands for individual users. According to the data depicted in Fig. 4., the projected
antenna gains for the 28 GHz frequency amount to 6.566 dBi. The antenna gain criterion
is considered to be superior in relation to the performance of the proposed antenna, which
demonstrates directional radiation characteristics. Furthermore, it has been observed that
the gain at a frequency of 900 is achieved at a level of 6.565 dBi on the 28 GHz spectrum.
Despite the presence of tolerances leading to certain disparities between the imitated and
computed outcomes, the simulation and observational procedures predominantly yielded
a high degree of concurrence. The antenna proposed in the study demonstrated favorable
matching characteristics, with S11 values below -10 dB across all frequencies of operation,
as illustrated in the accompanying figure. The gain patterns that were measured are

presented in Fig. 5. specifically at a frequency of 28 GHz. It is evident that the radiation
efficiency is favorable within the frequency range of maximum amplitude. The E-plane,
situated at an azimuth angle of zero degrees, demonstrates a far-field arrangement that
manifests an asymmetrical characteristic. The antenna's gain was increased through a
technique of reducing the signal's concentration along the vertical axis while emphasizing
its concentration along the horizontal axis.

dBi

6.89
S5.16
3.44
1.72

-16.6
-24.8
-33.1

Fig. 4. Directivity and Gain of proposed antenna at 28 GHz
RADIATION PERFORMANCE

Fig. 4. depicts the energy pattern of the antenna with respect to directivity, while the
radiation pattern for gain is illustrated in the aforementioned figure. The antenna is
required to have the ability to cover all the desired frequency ranges while simultaneously
maintaining a low feed port impedance matching and demonstrating a sufficiently high
radiation performance. The parameter of utmost significance in an antenna is its input
impedance.

Zin = Rin + Jxin (16)
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Rin=Rr+ Re (17)

Equation (16) expresses the impedance Zin as the sum of the real part Rin and the
imaginary part jXin. Equation (17) defines the real part Rin as the sum of the resistance RR
and the inductive reactance(RL). Equation (16) denotes the impedance that is observed at
the antenna's feed point. The actual component of Rin can be partitioned into two distinct
parts, namely the RR radiation resistance and the RL loss resistance. The resonance
operation of the proposed high-band antenna results in the absence of the Xin component
in its input impedance. As illustrated in Fig. 8. the real component of impedance
converges to 86, indicating a transfer of maximum power to the radiated patch antenna.
Likewise, with regards to the imaginary component of impedance, the depicted Fig. 7.
illustrates a value in close proximity to zero. A resonance state is declared for an antenna
that possesses a zero imaginary component. Hence, it is imperative that the impedance
requirement for the antenna be neither excessively high nor excessively low in order to
ensure accurate operation. In contrast to the patch antennas utilized in prior research, the
antenna under consideration exhibits superior vertical cross-separation characteristics
and a consistent energy radiation pattern. The utilization of metamaterials in antenna
design results in larger dimensions to address this concern and minimize the dimensions
of the antenna, a substrate featuring an elevated dielectric constant has been utilized.
According to the modeling outcomes, the directivity's energy form exhibits a principal
lobe situated at an angle of 56 degrees when the frequency is 28 GHz. Likewise, at this
specific frequency, the primary lobe's magnitude is 5.42 decibels in relation to an isotropic
radiator (dBi)., with the adjacent sections exhibiting a degree of -3.3 decibels (dB). The
energy distribution of an antenna's gain exhibits equivalence to directivity, except for the
magnitude of the main lobe at 28 GHz, which registers a gain of 5.1 dB at an angle of 56
degrees. Additionally, the far-field arrangements display certain irregular peculiarities,
specifically in the electric field plane at an azimuthal angle of 0 degrees.

Farfield Directivity Abs (Phi=90)

0 farfield (f=28) [1]
Phi=270

60

Frequency = 28

Main lobe magnitude =  5.42 dBi
180 Main lobe direction = 56.0 deg.
Angular width (3 dB) = 44.2 deg.
Theta / Degree vs. dBi Side lobe level = -3.3 dB

Fig. 5. Radiation Pattern for Directivity and Energy Pattern for Gain of proposed antenna
at 28 GHz
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Impedance in Ohm [Real Part]
100

E 5 E 5 ; ? i —— ZRef1(1)
o
S B

3 - S S SR R A N N—

8 o i
7 T8 A S L SRR MRS S N
80 ; ; ; ; ; ; ;
26 26.5 27 27.5 28 28.5 29 29.5 30

Frequency / GHz

Fig. 6. The real part of the reference impedance of the proposed antenna

Impedance in Ohm [Imaginary Part]

5 E i E i : —— ZRef 1(1)

- - - 1 Rp—— - L -
' " . '
I L L L

Frequency / GHz

Fig. 7. The imaginary part of the reference impedance of the proposed antenna
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Fig. 8. E-Field Distribution in the proposed antenna at 28 GHz

E-FIELD

The Fraunhofer distance, denoted by drand expressed in equation (18) as:
d =2 (18)

is a metric employed to characterize the near- and far-fields. The variable D represents
the diameter of the antenna. At the center of the patch, the electric field exhibits a null
value, while on one side it attains its maximum value and on the other side it reaches its
minimum value, with the lowest value being observed in the intermediate region. The
occurrence of electric-pitch scattering at a frequency of 28 GHz is depicted in Fig. 8. The
patch encounters a substantial electric field at a frequency of 28 GHz, affecting both its
upper and lower surfaces.

Scattering of surface currents

The antenna under consideration presents a viable option that is both economical and
spatially efficient for facilitating high-band communication, operating within a frequency
spectrum of 28 GHz.. The antenna patch exhibits elevated scale at its extremities and
notable current sharing that initiates at the patch's midpoint during resonance frequency.
Changes in the height of the substrate result in significant alterations in the scattering
phenomenon. Fig. 9. displays the surface current scatterings that were measured at
resonance frequencies of 28 GHz. In order to attain the desired radiation pattern, it is
necessary to modify the surface current through the incorporation of slots. As anticipated,
the stream flowed vigorously beyond the confines of the patch. The augmentation of the
electrical dimensions of the intended antenna through the implementation of an aperture
results in the redirection of current flow towards the enhanced geometry that has been
established.
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Fig. 9. Surface Current Scattering of the antenna at the resonating frequency

ANTENNA EFFICIENY

The antenna's efficiency can be mathematically represented as the multiplication of its
matching loss and radiation efficiency, denoted as €T and given by the equation €T =
ML - eR, where ML and ¢R represent the matching loss and radiation efficiency,
respectively.

The variable ML is utilized to represent the loss that is sustained by the antenna due to
impedance mismatch. On the other hand, the symbol ) is utilized to denote the efficiency
of the antenna. An antenna with high radiation efficiency can efficiently transmit input
power to the surrounding free space. In instances where the radiation efficiency is
diminished, a considerable fraction of the input power is expended as a
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result of internal losses, including metal conduction, dielectric losses, and magnetic losses
that occur within the antenna. Quantifying the transmission and dielectric losses of an
antenna is a challenging task in the field of antenna engineering, albeit sporadically
assessed through measurement. Despite being challenging to differentiate during
measurement, they are often amalgamated to constitute the conduction dielectric efficacy.
In general, the efficacy of Wi-Fi or mobile phone antennas is considered to be exceptional.
The principal aim of our investigation was to determine the radiation efficiency and
overall efficiency of the suggested antenna. Our findings indicate that the radiation
efficiency and total efficiency shown in Fig. 11. were 92.89 and 92.85, respectively.

The assessment of the voltage standing wave ratio (VSWR) of the antenna in question is
currently underway. Fig. 12. depicts the fluctuation of the voltage standing wave ratio
(VSWR) specifically at resonant frequencies of 28 GHz. It can be observed that the VSWR
values are below two for all frequencies and tend towards unity.

CONCLUSION AND FUTURE WORK

CONCLUSION

In conclusion, this study has provided valuable insights into the topic at hand. However,
there is still much room for further research in this area. Future work could focus on
exploring additional variables that may impact the results as well as conducting
longitudinal studies to track changes over time. Furthermore, it would be advantageous
to examine the extent to which these results can be applied to diverse populations and
settings. In general, this study provides a basis for subsequent investigations in this
particular area of study. To summarize, based on the aforementioned factors, it can be
concluded that the high-band antenna has undergone demonstration, optimization, and
simulation through the utilization of CST Microwave Studio. The antenna under
consideration exhibits a less complex configuration in comparison to the presently
employed wideband antennas. Comparable enhancements have been implemented for
the suggested antenna's impedance bandwidth, intricacy, and expenditure. Furthermore,
an increased level of radiation effectiveness is achieved. The implementation of high-
frequency bands in broadband presentations has enabled the provision of auxiliary
services with elevated data rates. The anticipated outcome suggests that the proposed
antenna configuration demonstrates exceptional results in return loss, efficiency, antenna
gain, and beam-forming capabilities across all operational frequency bands, rendering it
appropriate for meeting the communication demands of fifth-generation (5G) millimeter
wave technology. To summarize, the proposed high-frequency antenna exhibits enhanced
efficacy owing to its adaptable antenna configuration. Additionally, it exhibits a
significant level of amplification.

a. RESEARCH SUMMARY

Table II provides a concise overview of the calculations carried out to ascertain the
resonant frequency, impedance bandwidth, return loss, and potential applications of the
antenna being analyzed. This enables a clear understanding of the operational features of
the antenna. The antenna's radiation pattern stability has been improved, resulting in a
gain of 6.566 dB over the designated frequency range. A radiation effectiveness estimate
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of at least 92.89% is achieved within the specified frequency range. The proposed high-
band antenna exhibits superior and more uniform far-field radiation characteristics.

RESEARCH UTILIZATION

The utilization of research findings is a crucial aspect of academic inquiry. The utilization
of the microstrip patch antenna configuration is recommended for cellular antenna design
structures that prioritize a compact design and require a superior high-band solution. This
design exhibits superior gain and efficiency while also providing optimal value for other
antenna parameters when operating at high-band 5G frequencies.

FUTURE RECOMMENDATION

The utilization of efficient and expeditious simulation software such as CST MWS® has
resulted in a reduction of workload for engineers and an acceleration of the antenna
design process. Multi-band antennas that are small, low-profile, and highly efficient are
widely utilized in various applications, including commercial, civil, military, and space-
borne contexts. The development and enhancement of high-band antennas is a crucial
field of study in the realm of antenna design and performance optimization. The
practicality of antennas in cellular and weight-restricted constructions necessitates a small
and conformal design. Further development can enhance the efficacy of microstrip
antennas, including those utilized in the PCS. This study involves the analysis of the high-
band antenna model through simulation. The alterations made to the width and length of
the antenna substrate were conducted to investigate the impact on different antenna
characteristics. A forthcoming research will showcase the methodology for incorporating
the minute frequency deviations that arise from alterations to the antenna's dimensions,
such as its width, length, or other attributes. Moreover, the consequences of the patch will
be assessed across various frequency ranges concerning 4G LTE and mobile
communication. To optimize the functionality of the antenna for cellular and weight-
limited structures, it is imperative to implement a compact and conformal design. The
efficacy of microstrip antennas, particularly those employed in PCS, can be improved
through additional advancements in their development. The present investigation entails
the examination of the high-frequency antenna prototype via computational modeling.
The dimensions of the antenna substrate have been altered in order to examine the effects
on various antenna properties. A forthcoming presentation will illustrate the process of
incorporating the minor frequency deviations that arise from alterations made to the
antenna's physical attributes, such as its width, length, or other properties. Moreover, an
assessment will be conducted on the impact of the patch on diverse frequency ranges
employed in 4G LTE and cellular telecommunications.
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