DOI: 10.15849/1JASCA.251130.18

Int. J. Advance Soft Compu. Appl, Vol. 17, No. 3, November 2025
Print ISSN: 2710-1274, Online ISSN: 2074-8523
Copyright © Al-Zaytoonah University of Jordan (ZUJ)

Artificial Intelligence-Driven Optimization of a 34
GHz Compact Arrow-Shaped Microstrip Antenna
for 5G Wireless Applications

Jawdat S. Alkasassbeh'”, Farouq Mohammad Al-Taweel!, Majed O. Dwairi', Aws
Al-Qaisi?, and Maen Takruri?

'Department of Electrical Engineering, Faculty of Engineering Technology, Al-Balga
Applied University, Amman, Jordan
Jawdat1983@bau.edu.jo ; dr_faroug@bau.edu.jo; majeddw@bau.edu.jo

“College of Engineering and Technology, American University of the Middle East,
Egaila 54200, Kuwait
Aws.Al-Qaisi@aum.edu.kw ; maen.takruri@aum.edu.kw

Abstract

This paper presents a compact millimeter-wave antenna for 5G applications,
featuring a partial ground plane and an arrow-shaped patch. The patch is an
equilateral triangle with a side length of 2.4 mm and a 0.3 mm hollow triangular
slot, implemented on a Rogers RT/Duroid 5880 substrate measuring 10.2 x 11.8
x 0.254 mm3. The antenna operates across 30.6-36.6 GHz, achieving a 6 GHz
bandwidth and a resonant frequency of 34 GHz. Optimization yielded a maximum
gain of 4.2 dB and a return loss of -29.82 dB at the resonant frequency. The design
process employed CST Studio Suite 2018, with performance enhancements
achieved by introducing slots and triangular cuts in the partial ground plane. This
antenna’s compact size, wide bandwidth, and stable gain make it highly suitable
for 5G applications such as high-speed data transfer, low-latency
communications, and enhanced mobile broadband. Its design also ensures easy
integration into portable 5G devices, base stations, and other compact
communication systems, offering a practical and efficient solution for next-
generation wireless networks.
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1 Introduction

The fast development of wireless communication systems requires systems which
deliver fast data transfer with minimal delay and maximum reliability. The fifth-
generation (5G) network infrastructure depends on millimeter wave (mmWave)
frequencies because they offer broad frequency ranges and fast data transfer rates. The
compact design of microstrip antennas has become popular for mmWave applications
because they offer small size and low height and light weight and simple integration
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with which include split ground planes and MIMO systems and advanced patch designs.
A dual-band mmWave antenna printed circuit boards. The development of microstrip
antennas requires significant improvement to fulfill 5G network requirements operating
at 28 and 38 GHz frequencies has been developed to achieve 7.4 dB gain and 2.55 GHz
bandwidth [1]. The development of a dual-band patch antenna for 38 and 60 GHz
applications resulted in a 6.5 dB gain which shows its potential for mobile phone
integration [2]. The research focuses on developing antennas for military Ka-band
applications through the design of a specific antenna which achieves 5.34 GHz
bandwidth and 33.83 GHz resonant frequency [3]. The design of a circularly polarized
antenna for 5G networks has been proposed to achieve 4.01 dB gain at its specific
resonant frequency [4]. The development of small devices which operate across broad
frequency ranges at millimeter wave frequencies faces major obstacles despite recent
breakthroughs in this field.

The research presents a compact arrow-shaped microstrip antenna which operates at 34
GHz for 5G applications through the combination of a partial ground plane and a
hollowed triangular patch structure to achieve optimal performance between size and
bandwidth and gain.. Performance gains are obtained by thorough parametric
optimization and analytical modeling. High-speed data transmission and low-latency
communication are the key focal points for the advancement of antenna technologies in
modern wireless systems. Microstrip antennas play a very important role in mmWave
applications for 5G networks due to their compact size, low profile, lightweight design,
and easy integration with circuit boards to perform an enhancement through achieving
bandwidth improvement [5-7] and the integration of MIMO systems [8]. The millimeter
wave bands will proffer better capacity and throughput compared with the conventional
frequency bands of wireless systems-as it goes-driven by proliferating user devices
demanding data. In this paper, different aspects of 5G antenna design are discussed,
showing great emphasis on their shapes and unique configurations to get a set of new
bands and resonant frequencies that optimally perform for 5G applications. Different
geometries of microstrip patch antennas were used and considered for mmWave and
UWB applications in several works [9-11] in single and MIMO configurations for the
purpose of enhancing gain or bandwidth. For instance, a novel QSDGS was proposed
in [12] that allows for the possibility of designing a wideband microstrip antenna
suitable for 5G use cases. Similarly, [13] designed a 2x2 MIMO antenna and planar
dual-frequency mmWave printed monopole antenna with a radiating element of a
rectangular-shaped monopole operating at 28 GHz and 38 GHz, respectively. In [14], a
compact dual-frequency microstrip patch antenna was described with
electromagnetically coupled dual patches. The said antenna offered the dual-band
operation at 38 GHz and 60 GHz. This antenna implemented the capacitive and
inductive coupling to ensure different radiations for both lower-band and higher-band
operation. a circularly polarized antenna with a hook-shaped aperture that exhibits a
gain of 4.01 dB at 3.47 GHz is presented in [15] . In [16], an octagonal patch antenna
with impedance matching and resonant frequency adjustments was proposed to operate
within a bandwidth of 5.34 GHz over the frequency range of 32.16-37.5 GHz. In [17,
29], a multiband design was developed with three resonant frequencies. Besides,
microstrip antennas have been explored for Wi-Fi and C-band applications in the super-
high frequency range, showing their versatility across diverse wireless communication
domains. Furthermore, a microstrip antennas for Wi-Fi and C-band applications in the
super-high frequency region. with continuous evolution of 5G technology necessitates
novel solutions to the issues of high-speed, low-latency, and dependable wireless
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communication [19-23]. Millimeter-wave (mmWave) frequencies are critical for
satisfying these requirements, and microstrip antennas have emerged as a potential
technology due to their compact size, low profile, and ease of integration. This article
provides a novel antenna design suited for 34 GHz applications that focuses on
important performance indicators as bandwidth, gain, and integration capabilities. The
main contributions of this work are stated below:
1. This study presents a compact arrow-shaped microstrip antenna with a hollow
triangular patch and a partial ground plane, optimized for 5G applications at 34 GHz
that achieves a bandwidth of 6 GHz (30.6-36.6 GHz) with a maximum gain of 4.2 dB,
and a return loss of -29.82 dB which is ensuring high performance and stable operation.
2. It combines a low attenuation with a compact size (10.2 x 11.8 x 0.254 mm?)
facilitating seamless integration into portable 5G devices by utilizing an RT/Duroid
substrate.

3.1t contributes to transfer a high-speed data with low-latency broadband
communications system that offering a practical and efficient solution for next-
generation wireless networks.

The remaining sections of this paper are organized as follows: Section 2 outlines the
antenna design, Section 3 presents the results and discussion, and Section 4 concludes
the study.

2 Antenna Design

A compact and effective antenna is designed for 5G applications operating at 34 GHz. For
this design, critical parameter calculations, optimization, and simulation were done based
on using the Rogers RT5880 substrate because of its minimum attenuation at high
frequencies and low dielectric constant. Some of the key characteristics of this substrate
are a dielectric constant (er) of 2.2, a thickness (Ts) of 0.254 mm, and a loss tangent as
low as 0.0009. In order to guarantee compatibility with portable devices, the maximum
dimensions of the antenna were limited to 12 x 12 mm. By taking advantage of the
excellent high-frequency performance of Rogers RT5880, the proposed antenna operates
at 34 GHz. The substrate's low dielectric constant, minimal attenuation, and physical
properties in terms of thickness (0.254 mm), loss tangent (0.0009), and dielectric constant
(2.2) substantiate the design goals. Numerical optimization led to the determination of the
final dimensions of the antenna: 10.2 x 11.8 x 0.254 mm3. A partial ground plane was
used in this antenna design, with optimized slots included in it for the target resonant
frequency.

Fig. 1(a) and Fig. 1(b) are the proposed arrow-shaped antenna viewed from the front and
rear sides, respectively. The antenna is excited through a 50 Q microstrip inset feed and
can support an operational bandwidth ranging from 30 to 36.6 GHz. The design,
simulation, optimization, and testing of the proposed design were performed in CST
Studio Suite 2018. Calculations of the design parameters were carried out using pre-
defined equations available in [8,11-12]. Accordingly, the patch width was calculated
using Equation (1).

c 2
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By substitution, we calculated W, = 3.89 mm. Additionally, the effective

dielectric constant can be determined using Equation (2).
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By successive substitution ereff =2.05. The extended incremental length of the patch AL is,
using the following Equation (3)

Through successive substitution, the effective dielectric constant (ereff) was
calculated to be 2.05. The extended incremental length of the patch (AL) is determined
using Equation (3).

Wp
B 0.412xhs(ereff+0.3)(h—s+0.264)

AL = 3
(greff_0-258)(mif—:+0.8) ( )

In sequence, the extended incremental length (AL) is calculated to be 0.132 mm. Using

Equation (4), the patch's effective length can now be determined as follows.
c

Y ey “
In succession, the effective length (L.sf) is calculated to be 3.08 mm. Finally, the actual
length of the patch (Lp ) can be determined using Equation (5).

Lp =Leff —2AL = 0.308—-2x 0.0132 = 2.816 mm (5)

The antenna parameters are calculated to ensure resonance at 34 GHz. The chosen patch
geometry is an equilateral triangle with a side length (14},) of 2.4 mm and a patch length
(Lp ) of 2.08 mm. This antenna should be optimized to reach an exact resonance frequency
of 34 GHz. The simulation process involves four different models, which are described in
the next section. The algorithm framework below shows the step-by-step methodology to
design the antenna through simulation and optimization steps for the Arrow-Shaped
Microstrip Antenna Design for 5G Applications.

Input:
Parameter bounds:
e Patch length (Lp): [2.0 mm, 3.0 mm]
e Slot thickness (Ts): [0.1 mm, 0.5 mm]
e Ground cut dimension (Gc): [1.0 mm, 2.0 mm]
Target performance metrics:
e Target return 10ss (RL¢qrger): -29.82 dB
e Target gain (Ggrger): 4.2 dB
e Bandwidth range (BW,.qn4e): [30.6 GHz, 36.6 GHZ]
Optimization hyperparameters:
e Population size (pop_size), Number of generations (gen_max), Mutation rate
(mutation_rate)
Define Objective Function:
e Compute performance metrics based on the design: return loss (RL), gain
(G), and bandwidth (BW).
e Combine objectives into a single cost function using weights:

F = w;.|RL — RL;grger| + w1.max(0, Gearger — G)
+ ws.penalty for BW out of range
Output:
e Optimized design parameters: Lp, Ts, Gc
e Select the design with the lowest cost F.
e Validate through additional simulations.
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Key Steps

1. Start with a diverse set of designs as initialization state

2. Use CST Studio (or equivalent) to simulate antenna performance and compute
fitness based on return loss, gain, and bandwidth which leads to make the Fitness
Evaluation.

3. Use evolutionary principles to explore and refine designs to do the Selection,
Crossover and Mutation stages

4. Stop after a fixed number of generations or when the solution is stable termination
stage.

Algorithm 1: Min-Max Optimization Algorithm for Arrow-Shaped Microstrip Antenna
Design

1. Initialize a random population of design parameters within bounds for each
individual in the population:
1.1 Randomly generate Lp € [2.0 mm, 3.0 mm]
1.2 Randomly generate Ts € [0.1 mm, 0.5 mm]
1.3 Randomly generate G¢ € [1.0 mm, 2.0 mm]
2. Evaluate fitness for each individual in the population for each individual (Lp, Ts,
Gc):
2.1 Simulate the antenna design using CST Studio or equivalent.
2.2 Measure return loss (RL), gain (G), and bandwidth (BW).
2.3 Compute penalties:
RL_penalty = |RL - RL_target]
G_penalty = max(0, G_target - G)
BW_penalty = 0 if BW_range[0] < BW <BW_range[1], else 10
2.4 Calculate fitness score:
Fitness = W_RL * RL_penalty + W_G * G_penalty + W_BW * BW_penalty
3. Sort the population by fitness scores (lower is better).
4. Select the top 50% of the population as elites.
5. Generate a new population:
5.1 Crossover:
For each pair of elites, generate a child by averaging parameters:
Child_param = (Parentl_param + Parent2_param) / 2
5.2 Mutation:
For each child parameter, apply random perturbation:
Child_param = Child_param + random (-mutation_rate, mutation_rate)
6. Replace the old population with the new population.
7. Repeat steps 2—6 for gen_max generations or until convergence criteria are met.
8. Output the best individual in the final population as the optimized design:
8.1 Optimized parameters: Lp, Ts, G¢
8.2 Performance metrics: RL, G, BW
End

The performance metrics of the arrow-shaped 34-GHz microstrip antenna for 5G
applications, such as return loss, gain, and bandwidth, are improved using a Min-Max
Optimization Algorithm. The algorithm starts with random design parameters, which are
updated iteratively by simulation-based fitness evaluation, selection of the best designs,
and evolutionary operations like crossover and mutation. Some of the major developments
are a hollow triangular patch with a slotted partial ground plane, which has resulted in an
antenna operating at a resonance frequency of 34 GHz, return loss of -29.82 dB, gain of
4.2 dB, and bandwidth of 6 GHz (30.6-36.6 GHz). This is compact and quite an efficient
design for fast data transmission and can be easily integrated with 5G devices.
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3 Results and Discussion

3.1 Overview of Design Methodology

The next section of the paper describes the complete development cycle that leads to
performance evaluation for the proposed antenna design. Therefore, a systematic
optimization process was able to achieve all the necessary criteria of 5G applications such
as return loss, resonant frequency, and bandwidth and gain. The subsequent subsections
will explain each design iteration through their corresponding modifications and resulting
improvements in performance.

I.  Initial Design and Challenges

This antenna design used an equilateral triangular patch with a uniform partial ground
plane. From the model parameters in Table 1, one can see that the side length was 2.4 mm
while the dimensions for the substrate were 10.2 x 11.8 mm2. The first model design is
presented in Fig. 1(a) from its front and back sides. Simulation results in Fig. 2 indicated
that this model failed to achieve the required return loss performance since it did not exhibit
any resonance within the operating frequency. It was then evident that structural changes
needed to be made in order to enhance antenna performance.

Table 1. Antenna parameters

Parameters Calculated mm  Optimized mm
Ws, Wy 12 11.8
Ly 12 10.2
W,=a 3.89 2.4
L, 2.816 2.08
hs - 0.254
ty = tg - 0.009
Le - 6.95
We - 1.2
Ly - 5
Thickness of the triangular ring b 0.3
c 2
Ground cut d 15
e 0.42
f 2.5
g 3.5

Il.  First Iterative Improvement: Slot Integration

To address the shortcomings of the first model, a rectangular slot was introduced in the
upper center of the partial ground plane, as shown in Fig. 1(b). Additionally, the slot aims
improving the antenna’s impedance matching and enhance resonance. Simulation results
in Fig. 2 demonstrated a resonant frequency at 37.4 GHz with a return loss of -26.5 dB and
an operating bandwidth of 33.36-40.8 GHz. While the modifications yielded better
performance, the resonant frequency deviated from the target 34 GHz.

1. Further Optimization: Triangular Cuts
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The third iteration brought triangular cuts to the upper edges of the partial ground plane
which appears in Fig. 1(c). The design modification aimed to achieve better resonant
frequency performance and improved return loss optimization of the antenna. The
simulation results in Fig. 2 showed a resonant frequency of 34.25 GHz with a return loss
of -24.44 dB and an operational bandwidth spanning from 30.6 GHz to 37.12 GHz. The
results showed improvement toward the target specifications yet required additional
optimization steps.

IV.  Final Optimized Design: Triangular Slot Integration

The triangular slot inside the triangular patch improved the geometry in the final
design, as shown in Fig. 1(d), by providing an optimal ring thickness of b = 0.3 mm. It
improved the performance of the antenna. Eventually, this fourth model reached the
desired resonance frequency of 34 GHz with a return loss of -29.82 dB and a bandwidth of
6 GHz that extended from 30.63 to 36.63 GHz, as shown in Fig. 2. This result met the
goals; thus, the modifications in this design were quite effective.

L
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Fig. 1: Evolution of the proposed antenna design, showcasing both front and back views: (a)
Initial Design, (b) Integration of Slots, (c) Addition of Triangular Cuts, and (d) Final Design with
Triangular Slot Integration.

1.1. Overview of Results

This sub-section initiates with Fig. 2, showing the simulated return loss across the
iterative design stages of the proposed 34 GHz arrow-shaped microstrip antenna for 5G
applications. From the starting geometry represented in red, with a uniform partial ground
plane and a triangular patch, the desired resonance was not obtained, reflecting poor
impedance matching. As expected, this resulted in suboptimal performance of the designed
antenna. Introduction of a rectangular slot in the partial ground plane, represented in blue,
improved impedance matching by yielding a resonant frequency of 37.4 GHz at -26.5 dB
return loss. However, this iteration has deviated from the target frequency. Further
refinements reduced the resonant frequency to 34.25 GHz at -24.44 dB return loss,
incorporating triangular cuts in the ground plane. Lastly, integrating a triangular slot with
another triangular slot inside the patch resulted in achieving the required operating
frequency of 34 GHz, with an enhanced return loss of -29.82 dB and bandwidth of 6 GHz
(from 30.6 to 36.6 GHz). This shows that the optimizations done on the structure are crucial
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to meeting the very stringent performance requirements of 5G applications and underlines
the effectiveness of the design methodology in effectively trading off compactness against
bandwidth and gain.
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Fig. 2: Comparison of Return Loss Across Antenna Design Iterations.

To determine the optimal substrate dimensions, hundreds of different configurations
were investigated. The best results, as demonstrated in Figures 3 and 4 and listed in Table
2, were achieved with a substrate dimension of 10.2 x 11.8 mmz2, This configuration yielded
a return loss of -29.82 dB at the operating frequency of 34 GHz, with a bandwidth of 6
GHz. The smallest return loss, -67.2 dB, was achieved for a resonant frequency of 33.725
GHz, while the bandwidth for this case has been 6.1 GHz. Fig. 3 presents the simulated
return loss for different substrate dimensions at the resonant frequency of 34 GHz. It shows
how vital substrate dimensions are to get the best result from the antenna. Amongst them,
the substrate dimension of 10.2 x 11.8 mm? has given a return loss of 29.82 dB with a
bandwidth of 6 GHz. This will provide a structure that will satisfy the aim of the design:
minimum return loss and wide operational bandwidth. The data underline the importance
of fine-tuning the physical dimensions in order to improve electromagnetic compatibility
and performance at the frequency of interest. Large variations in return loss value versus
substrate dimensions prove high sensitivity of impedance matching and resonant behavior
of antenna to structural parameters.
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Fig. 3: Simulated Return Loss for Various Substrate Dimensions at 34 GHz Resonant Frequency

Fig. 4 gives the simulated return loss for different substrate dimensions when the
resonant frequency is slightly shifted at 33.725 GHz. It can be noted that, for a substrate
size of 10.6 x 10.4 mm?2, the minimum value of return loss has reached -67.2 dB with an
equivalent bandwidth of 6.1 GHz. That result indicates another possibility with a better
impedance matching but on a shifted resonant frequency. The graph illustrates the trade-
offs in antenna design: extreme values of return loss may require some compromise in the
exact operational frequency. This type of information is very valuable in situations where
the requirement for small signal reflection is more important than adherence to a specific
frequency.
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Fig. 4: Simulated Return Loss for Various Substrate Dimensions at 33.725 GHz Resonant

Frequency

Table 2 presents the proposed 34 GHz arrow-shaped microstrip antenna with some antenna
designs developed so far for 5G applications. A comparison is drawn based on dimensions,
operating frequency ranges, resonant frequency, gain, and bandwidth. It is observed that
the proposed antenna has better performance metrics as associated with antennas. The
comparison reveals that the proposed antenna design strikes a balance among compactness,
wide bandwidth, and steady gain, unlike several other designs reported for similar
frequency bands.

Table 2: Comparison of Antenna Substrate Dimensions for Resonant Frequencies 33.72

GHz and 34 GHz
Sub. Dim. mm? Resonant [GHz] Return Loss [dB] BW [GHz]
10 x10.6 33.725 -44.9 30.3-36.5
10.4x10.6 33.725 -45 30.3-36.4
10.6x10.4 33.725 -67.2 30.3-36.4
11x10.4 33.75 -60.4 30.33-36.5
11.8x10.4 33.725 -62.5 30.3-36.5
10x10 33.72 -30.5 30.33-36.4
12x12 33.95 -27.79 30.45-36.7
10x12 33.96 -30.14 30.49-36.6
10.8x12 34 -28 30.64-36.66
11.2x12 34 -27.6 30.6-36.7

10.2x11.8 34 -29.8 30.6-36.6
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12x11.8 34 -28.5 30.6-36.6

Table 2 depicts a comparison of different designs and the superior performance of the
proposed antenna for the maximum gain and bandwidth, which are 4.2 dB and 6 GHz,
respectively, over a very compact area of 10.2x 11.8 mm2. The result of this analysis
confirms that it has excellent practicality with respect to 5G applications tending towards
large requirements like higher data rates and low-latency communication. This balance
between the performance and the capability of integration shows the potentials of the
proposed antenna to cater to the demand of next-generation wireless networks. The return
loss, resonant frequency, and operating bandwidth for the optimum substrate dimensions
are shown in Fig.s 5 and 6. In particular, the resonant frequency corresponding to the
substrate dimensions of 10.2 x 11.8 mm? is 34 GHz and that corresponding to 10.6 x 10.4
mm?2 is 33.725 GHz. Fig. 5 presents the simulated return loss of the proposed design at an
operational frequency of 34 GHz. The optimization of a return loss as good as -29.82 dB
and the reflection of a very small amount of signal evidence excellent impedance matching.
Further, the operating bandwidth ranges from 30.6 GHz to 36.6 GHz, indicating stable
antenna performance over a wide frequency range. This return loss ensures that the signal
has efficient transmission, and thus, the antenna is highly suitable for high-speed and
reliable 5G communication systems.

By comparison, Fig. 6 presents the simulated return loss for the proposed antenna
design on an alternative substrate dimension that resonates at 33.725
GHz. The magnitude of return loss at this frequency is  aslowas-67.2 dB ,
which shows very good impedance matching. The bandwidth achieved is from 30.3 GHz
to 36.4 GHz, comparable to the optimal
design. This represents, however, a compromise: the very low  return  loss has been
boughtat the expense of asmalldeviation from the frequency to be targeted.
This realization could be of great consideration in applications where signal
reflection, rather than adhering strictly to a specific resonant frequency, is of primary
importance.

. Operating BW

Return loss [dB]

— 10218
22 2I4 2IG 2I8 3IO 3I2 3I4 3I6 3:8 4IO 4IZ 44
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Fig. 5: Simulated Return Loss for the Proposed Antenna at 34 GHz Operating Frequency
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Fig. 6: Simulated Return Loss for the Proposed Antenna at 33.725 GHz Operating Frequency

Fig. 7 shows the simulated gain over frequency for two substrate dimensions: 10.2 x
11.8 mm? and 10.6 x 10.4 mm?. The optimal substrate dimension in terms of gain is 10.2
x 11.8 mmz2, whose gain curve peaks at 4.2 dB at 34 GHz, while that of the other
configuration peaks at 4.17 dB. It reveals that the main role of precision in the dimension
selection is about enhancing some antenna performance metrics. Besides, the higher gain
from the 10.2 x 11.8 mm? substrate dimension shows it is suitable for 5G applications
because the signal strength is assured to be good and properly transmitted. The following
section will summarize the two dimensions for substrates to finalize the analysis. Fig. 7
shows the best substrate dimension of 10.2 x 11.8 mm2 showed higher gain at 34 GHz in
every run, which proves it is the best configuration.

N
\
W/ \
W/ )

/ —— 33.725GHz

— 44 GHz

3.5 . . .
30 31 32 33 34 35 36 37 38 39 40

Frequency [GHZz]
Fig. 7: Simulated Gain Across Frequencies for Substrates 10.2 x 11.8 mm2 and 10.6 x 10.4 mm?

ZA

Gain [dB]

Fig. 8 shows the simulated two-dimensional radiation patterns of the proposed antenna at
three frequency points: 32 GHz, 34 GHz, and 36 GHz. All the patterns are basically
directional with a maximum energy in one direction, especially around the resonant
frequency at 34 GHz. Moreover, the slight variations observed in the patterns at 32 GHz
and 36 GHz highlight the antenna's consistent performance across its operating bandwidth.
This directional behavior is a crucial feature for targeted signal delivery in 5G networks,
as it significantly enhances communication efficiency while minimizing interference. It is
worth noting that the radiation pattern serves as the final parameter of this investigation.
Specifically, Fig. 8 showcases the 2D radiation patterns for the operating bandwidth
frequencies, including the resonance frequency of 34 GHz. Across the analyzed
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frequencies, the radiation patterns exhibit a somewhat directional nature, further validating
the antenna's effectiveness.
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Fig. 8: Simulated 2D Radiation Patterns at Frequencies (a) 32 GHz, (b) 34 GHz, and (c) 36 GHz
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A detailed comparison between the proposed antenna and that obtained from a few of the
previously reported papers in the available literature related to 5G applications can be
shown in Table 3. For this, many beneficial radiation features were exhibited through the
proposed antenna: comparable bandwidth to or sometimes superior than several earlier
reported; besides, broad bandwidth agreed well in most of the available works reporting
performance capability in both cases. These attributes strongly support the suitability of
the proposed design for implementation in 34 GHz resonant communication systems.

Table 2: Comparison of the Proposed Antenna with Results from Previous Studies

Resonance

Dimension Operational band Gain
Ref. 2 Frequency BW
mm [GHz] [GHZ] [dB]
Single
6.9%8.4 25.3-32 28.5 7.4 6.7
Mirrored 16.6x16.6 24.24 - 32 285 8.014 6.6
[9] Loo
ped i
18.8x14.4 24.2 - 30.8 28.5 7.62 7.74
18.8x28.8 24.35-31.7 28.5 8.29 7.35
[12] 33x%29 4.03-6.32 6 4.1-4.75 2.3
26.65-29.2
[13] 14x12 36.95-39 05 28/38 1.27,129 2.552.1
[14] 4x6 - 38/60 6.5.6.2 2,3.2
[15] 11.5%8.5 2.8-3.81 3.47 4.01 1.1
[16] 8.4x8.4 32.16-37.5 33.83/35.5 5.34 3.72
16.84-18.15
[17] Tx7 24.78-27.4 17'3%%‘2'98/3 5.32 1.31/2.64/2.73
34.47/37.22 )
3.2-3.83
[18] 32x32 4.65-4.76 3.72 25 0.1/0.1/0.3
6.16-6.46
[19] 40x40 2.67-4.2 3.29 3.92 1.53
2.44-2.54
[20] 46x46 319-3 55 2.4 4 0.1/0.36
[21] 40%30 3.34 3.65 25 0.7
[22] 78%58 3.89-5.9 4.28 3 2.01
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[23] 3636 2.8-3.81 3.47 4.08 1.01
proposed 10.4x11.8 30.6-36.6 34 4.2 6

Table 3 compares the proposed antenna with some of the previous works that have been
focused on 5G applications. This is analyzed by taking critical parameters into
consideration: antenna dimensions, operating frequency bands, resonant frequencies, gain,
and bandwidth as follows:

1. The proposed antenna has compact dimensions of 10.4 x 11.8 mm?2, hence it is suitable
for integration into modern 5G devices. This size is significantly smaller than most designs
reviewed, which range up to 78 x 58 mm?, emphasizing the compactness of the proposed
design without compromising performance.
2. The proposed antenna achieves an operational bandwidth of 6 GHz (30.6-36.6 GHz).
This broad bandwidth is comparable to or superior to prior designs, ensuring effective
coverage for 5G frequency bands. For instance:

o Ref. [9] reports a bandwidth of 6.7 GHz within a lower frequency range (25.3-32

GHz).
e Ref. [16] achieves a similar bandwidth of 5.34 GHz but within a narrower range
(32.16-37.5 GHz).

3. The antenna is precisely tuned to resonate at 34 GHz, aligning with the target frequency
for high-speed 5G communications. Many prior works target different bands, such as:

e Ref. [12]: Resonates at 6 GHz.

e Ref. [14]: Dual resonance at 38 GHz and 60 GHz.
This highlights the specific design focus of the proposed antenna for the 34 GHz band,
catering to a niche yet critical application area within the 5G spectrum.
4. It realizes a gain of 4.2 dB, relatively moderate against some other works, such as Ref.
[9], which achieves 7.4 dB; the proposed design strives to balance compactness with
performance. This is quite good enough to ensure reliable communications in 5G networks,
especially when combined with the directional pattern of radiation.
5. Among the advantages brought in by a proposed antenna are compact dimensions, which
allow for easy integration into portable and space-constrained devices, hence guaranteeing
flexibility in the design of modern 5G systems. Besides, it enables effective
communication over a wide frequency range, increasing the overall reliability and
adaptability within 5G networks. The antenna also ensures consistent performance,
maintaining signal strength for efficient high-quality wireless communication in next-
generation applications.
6. The proposed antenna is compact in size, has broad bandwidth, and directional radiation
characteristics, which makes it highly suitable for wide bandwidth utilization to achieve
fast data rates with minimum delays in 5G systems that support stable connections in
densely populated urban areas.

These performances of full integration shown in Table 3 ensure the practicality of the
proposed antenna for resonant communication systems at 34 GHz, hence offering potential
for addressing the challenges of next-generation wireless networks, establishing its
potential to address the challenges of next-generation wireless networks effectively. To
this end, the design of an artificial printed multiband antenna for 5G, as in [24], is done.

4 Conclusion

The proposed arrow-shaped microstrip antenna with a triangular slot has excellent
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performance for the 34 GHz 5G frequency band. By using a very simple arrow-shaped
patch and a partial ground plane, the antenna exhibits a gain of 4.2 dB, a wide bandwidth
of 6 GHz (30.6-36.6 GHz), and a return loss of —29.82 dB for efficient impedance
matching and low signal reflection. Fabricated on a Rogers RT/Duroid 5880 substrate of
dimensions 10.6 x 11.8 x 0.254 mm?3, it keeps a compact and lightweight form for being
integrated into modern mobile and base station devices. Its directional radiation pattern
ensures that the energy is concentrated in the target direction, reducing interference and
further improving communication efficiency. By going through several iterations in design
optimization, including the introduction of a triangular slot and the modification of the
partial ground plane, poor impedance matching and narrow bandwidth problems have been
overcome. Consequently, the resultant antenna realizes stable gain, broad bandwidth, and
high power transfer, superior to many previous designs. The compact structure, low profile,
and reliable performance of the antenna make it practical and efficient for millimeter-wave
5G systems to enable high-speed data transmission, low latency in communication, and
enhanced broadband performance in next-generation wireless networks.
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