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Abstract—This study delves into the optimization of antenna
arrays for 5g communication systems, concentrating on the
influence of box length variations on performance metrics.
The comprehensive analysis of modified antenna arrays with
a focus on the exact variation of box lengths and its impact
on antenna performance metrics. Through a series of
simulations and empirical testing, we investigate the
relationship between box length adjustments within the
array and key performance indicators such as gain,
bandwidth, and beamwidth. Our findings highlight the
critical nature of box length dimensions in optimizing array
configurations for enhanced signal strength and coverage,
contributing to the advancement of antenna design practices.

Index Terms— Antenna miniaturization, dual-band
operation, fidelity, quality factor, radiation pattern,
simulation analysis, structural variations, s11 parameter

INTRODUCTION

The advent of fifth-generation (5g) networks has
precipitated a paradigm shift in antenna engineering, with
antenna array design emerging as a critical component for
achieving high-throughput and low-latency
communication systems. This paper introduces a
methodological exploration into how variations in the box
length of antenna arrays influence key performance
indicators (kpis) such as gain, bandwidth, and beamwidth.
We emphasize the significance of physical parameter
optimization within the microstrip patch antenna arrays
and the central cut impact to refine the operational
characteristics of 5g antennas.

ANTENNA ARRAY DESIGN AS A CRUCIAL
COMPONENT FOR 5G

Antenna array design has surfaced as a pivotal component
in realizing the ambitious goals set forth by 5¢g [1]. Arrays
composed of meticulously arranged antennas offer the
ability to steer beam patterns dynamically, facilitating
high-throughput and low-latency communication systems.
They form the backbone of modern wireless networks,
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enabling technologies such as Massive mimo (Multiple
Input Multiple Output) and beamforming techniques,
which are integral to 5g's success.

MICROSTRIP PATCH ANTENNAS AND THEIR
RELEVANCE TO 5G

Among various antenna designs, microstrip patch
antennas have garnered attention for their compact profile
and suitability for array configurations. Their flat structure
allows for easy integration into 5g's dense urban
infrastructure and compatibility with contemporary rf
systems. [2]

ROLE OF PHYSICAL PARAMETERS IN ANTENNA
PERFORMANCE

In rf engineering, the optimization of physical parameters
such as element spacing, orientation, and box length plays
a vital role in the functionality of antennas [3] [4] [5].The
latter, in particular, has been observed to significantly
influence an antenna's performance. Precise variations in
box length can affect key performance indicators such as
gain, which determines the amplification of the signal;
bandwidth, which affects the range of frequencies over
which the antenna can operate effectively; and beamwidth,
which impacts the angular width of the radiation pattern.

IMPACT OF BOX LENGTH VARIATIONS ON
ANTENNA FUNCTIONALITY

This research focuses on the systematic study of box
length variations within modified antenna arrays,
specifically investigating the repercussions these changes
have on antenna performance. It is hypothesized that by
varying the box length, one could potentially fine-tune the
antenna characteristics to align with the optimal
operational criteria for 5g networks. [6]

CENTRAL CUT DESIGN CONSIDERATION
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A central theme of the study is the central cut in the
antenna design. This structural feature is analyzed for its
impact on the resonant frequencies and the radiation
pattern characteristics, both of which are critical to the
antenna's efficiency and its ability to adapt to multiple
frequency bands — a requirement that is becoming
increasingly important for modern telecommunication
systems.

Fig. 1 Proposed Antenna

The Purposed antenna array with a centralized feed line
branching into two patch elements. The focus on feeding
network design which is critical in achieving a desirable
impedance matching for efficient power transfer. The
radiating patches indicate that the design is likely a
microstrip or patch antenna array, which are known for
their low profile and compatibility with integrated rf
systems. The dimensions of the patches and their spacing
from the central feed line are essential factors that affect
the antenna's resonant frequency and impedance
bandwidth.

Table 1
Dimension [mm]
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OBJECTIVE OF THE STUDY

The overarching objective of this paper is to offer
actionable insights derived from both theoretical and
empirical examinations, guiding the design and
optimization of more efficient rf communication systems.
The intention is to bridge the gap between the theoretical
models that predict antenna behavior and the tangible
results observed through practical experimentation.

STRUCTURE OF THE PAPER

The subsequent sections of this paper detail the
methodologies employed in the investigation, present the
simulation and experimental results, and discuss the
implications of the findings in the broader context of
antenna design for 5g communication systems. Through
this study, we aim to contribute substantively to the field
of antenna engineering, aiding in the deployment of robust
and efficient 5g networks.

SIMULATION AND TESTING

Our investigation employs both practical experiments to
scrutinize the effects of box length modifications on
antenna arrays. Initially, we outline the theoretical
framework underlying the impact of physical dimensions
on array performance. Subsequent simulation results
elucidate the nuanced relationship between box length
adjustments and antenna characteristics such as gain,
directivity, and impedance bandwidth. Practical
experiments further validate our simulations, offering a
real-world perspective on optimizing antenna arrays.

i

—

e

Fig. 2 Length variation of modified array with central cut

Fig. 2 appears to show a larger perspective of the antenna
setup within an anechoic chamber simulation
environment, with the antenna's physical boundaries and
the ground plane more prominently displayed. It provides
an overview of the antenna's placement relative to the
coordinate system, which is essential for understanding
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the direction of maximum radiation and the antenna's
orientation during testing or operation.

Fig. 3 Exact box length variation of modified array with
central cut

Fig. 3 seems to focus more closely on the patch itself,
emphasizing the exact dimensions and the central cut. This
view is critical for detailed design considerations such as
the cut's size, which affects the current distribution and
thus the antenna’s performance in terms of radiation
pattern, bandwidth, and return loss.

From Fig. 2 and Fig. 3 two different configurations of a
microstrip patch antenna with a central cut, possibly for
dual-band operation or to introduce a specific radiation
pattern characteristic. The central cut can significantly
affect the resonant frequencies of the antenna, and
variations in the box length may be used to fine-tune these
frequencies or to improve impedance matching and gain.
The variation in box length, as observed in the two images,
might be a parameter under investigation for tuning the
antenna's resonant frequencies or optimizing other
performance characteristics like radiation efficiency or
bandwidth.
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Fig. 4 S11 Parameter of Length variation of modified
array with central
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Fig. 4 shows S11 Parameter for Length Variation of
Modified Array with Central Cut, this plot shows multiple
resonances across the frequency sweep. The most notable
feature is a deep resonance at approximately 2.45 GHz
where the S11 parameter reaches around -15.92 dB. This
indicates that at this frequency, the antenna is well-
matched to the source, and most of the power is radiated
rather than reflected.

e Resonant Peaks: It shows several resonant peaks,
which writes down the frequencies at which the
antenna is resonant. The deepest notch at 2.45 GHz
with an S11 value of approximately -15.92 dB
suggests the best impedance match at this frequency.
Impedance

e Bandwidth: The width of the resonant peak at the -10

dB level determines the impedance bandwidth. This

graph indicates multiple narrow bandwidths,
suggesting the antenna is designed for multiple
discrete frequencies.

VSWR: The Voltage Standing Wave Ratio can be

derived from the S11 parameter, indicating the

antenna's impedance mismatch. A VSWR of 2:1 is
commonly acceptable in many RF systems, which
corresponds to an S11 of about -10 dB.
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Fig. 5 S11 Parameter of exact box length variation of
modified array with central cut

Fig. 5 shows: S11 Parameter for Exact Box Length
Variation of Modified Array with Central Cut, this plot
also shows the S11 parameter, with a significant resonance
occurring at approximately 2.42 GHz with an S11 value of
around -39.90 dB, suggesting an even better impedance
match at this frequency than the previous plot.

e  Shift in Resonance: A shift in the resonant frequency
might be noticed, which could be a result of altering
the box length that contains the antenna array.
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e Quality Factor (Q): The sharpness of the resonant
peak can relate to the Q-factor of the antenna. A
sharper peak suggests a higher Q, meaning the
antenna is more selective to its resonant frequency.

e Antenna Efficiency: Areas where the S11 parameter
is below -10 dB indicate frequencies where the
antenna is efficiently radiating. The dips and rises in
the graph provide insights into the efficiency across
the frequency spectrum.

The S11 parameters from both images, it is apparent that
modifications in the antenna's physical design, such as the
length of the box and the central cut, significantly
influence the resonant frequencies and impedance
matching [7] [8]. The variabilities in the S11 values across
the frequency spectrum in both images underscore the
complex relationship between the antenna's geometric
structure and its electrical properties. Specifically, any
alterations in the box length could alter the effective
electrical length of the antenna elements, thereby
impacting the resonant frequency. The effects of these
structural modifications on the antenna's radiation
efficiency, gain, and directivity. An ideal design approach
would optimize the physical parameters to achieve a broad
impedance bandwidth, low VSWR, and a consistent
radiation pattern, which are essential for versatile and
high-performance antenna arrays in modern RF
communication systems.
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Fig. 6 VSWR of Length variation of modified array
with central
Fig. 6 shows The VSWR plot shows a low point (good
match) at around 2.45 GHz, where VSWR is
approximately 1.38. This suggests that the antenna is well
matched at this frequency. The plot exhibits an acceptable
VSWR (< 2) over a narrow frequency range, which might
indicate a narrow bandwidth. Peaks and valleys suggest
multiple resonant points or modes of operation. VSWR
plot shows a sharp dip indicating good matching at a
frequency of 2.45 GHz with a VSWR of approximately
1.38:1. This suggests that at this frequency, the antenna is
very well matched to the transmission line, likely the result
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of precise tuning or design alterations for that specific
frequency, which is common in Wi-Fi applications
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Fig. 7 VSWR of Length variation of modified array
with central

Fig. 7 This plot has a prominent peak at around 3 GHz,
indicating poor impedance match at this particular
frequency. Multiple resonant frequencies are visible with
varying degrees of mismatch indicated by the VSWR
values. The mismatch is worse than in Image 1. VSWR
plot shows multiple peaks and valleys, with the lowest
point indicating the best impedance matching across the
frequency sweep. The most prominent dip indicates the
frequency at which the best match occurs, although the
exact value is not visible, suggesting several operational
bands or a multi-band design.
The images you have provided represent VSWR (Voltage
Standing Wave Ratio) plots of an antenna array at various
frequencies. The VSWR is a measure of how well the
antenna is impedance-matched to the transmission line. A
VSWR of 1:1 is ideal, meaning no reflected power, while
a higher VSWR indicates a mismatch. Let us compare the
technical aspects of these plots.
3D polar plots are essential for antenna designers to
evaluate how modifications in antenna structure, such as
box length variations, impact the radiation characteristics
of an array.

I- 3D Polar Plot 1

Fig. 8 3D Radiation Plot of Length variation of modified
array with central

Fig. 8 Shows an irregular 3D radiation pattern, indicating

that the antenna may have multiple lobes and possibly

higher sidelobe levels. The colors indicate the strength of
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radiation in various directions, with red indicating higher
gain areas. The complexity of the pattern could suggest a
more directive antenna with a higher gain in certain
directions, potentially useful for beamforming
applications.

I 3D Polar Plot 1

Fig. 9 3D Radiation Plot of Length variation of modified
array with central

Fig. 9 Shows Displays a smoother and more spherical 3D
radiation pattern, which typically suggests a more
isotropic radiator. This pattern might indicate a design
with a central focus on omnidirectional coverage. The
smoother transitions between color gradients imply a more
consistent gain across various angles, possibly a result of
precise box length variation that reduces sidelobe levels
and improves the overall radiation efficiency.

The radiation pattern of an antenna can be described
mathematically using the antenna gain equation, which in
its simplest form for an isotropic radiator is given by:

. g’
G(6,¢) =T3P, 1)

Where G (6, ¢) is the gain in a given direction defined by
the angles 6 and ¢, U (6, ¢) is the radiation intensity, and
P;,, is the total input power.

The beamwidth (BW) of an antenna can be approximated
by measuring the width of the main lobe at a certain level
below the peak, usually at —3 dB points for the half-power
beamwidth:

BW_34p = 0, — 0;. (2)
Where 6, and 6, are the angles at which the gain falls to
—3 dB of the peak gain.

Fig. 10 Radiation Plot of Léngth variation of modified
array with central
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Fig. 10 shows the radiation pattern appears irregular with
multiple lobes of varying amplitudes, which indicates a
complex radiation field. The pattern does not show a clear
main lobe, which could imply that the antenna is radiating
energy in multiple directions rather than focusing it in one
direction. The irregularities in the pattern may suggest that
the antenna is experiencing destructive interference at
certain angles, possibly due to the specific design or
interactions with nearby structures.

Radiation Patiem 1

e T

Fig. 11 Radiation Plot of Length variation of modified
array with central

Fig. 11 shows the radiation pattern here is more uniform
and symmetrical, with a clearer main lobe indicating the
direction of maximum radiation. This pattern implies that
the antenna has a preferred direction of radiation
(directional radiation pattern) and potentially a higher gain
in that direction. The smoother and more predictable
nature of this pattern may result from an optimized design
where the box length variation has been tuned to reduce
destructive interference and concentrate energy in the
desired direction.

Fig. 10 and Fig.11 wo-dimensional radiation pattern plots
for an antenna at a specific frequency, presumably 2.4
GHz, which is a common frequency for WIFI and
Bluetooth applications. These plots depict how the power
radiated by the antenna varies with angle around the
antenna, typically in the H-plane or E-plane.

Radiaton Pattern 3

Fig. 12 Radiation Plot of Purposed Antenna
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Fig. 12 show a 2D radiation pattern plot for an antenna at
a specified frequency of 2.4 GHz. The maximum gain
appears to be just over 10 dB, indicating how much the
antenna amplifies the signal in its main lobe direction.

The irregular shape of the radiation pattern suggests that
the antenna might have a complex structure, possibly with
multiple elements or a specialized design to shape the
radiation in a specific manner

Figure-of-Eight Pattern: This pattern indicates a dipole-
like radiation characteristic, where the antenna radiates
strongly in two opposite directions with the electric field
perpendicular to the axis of the antenna.

Gain: The plot indicates a gain value of approximately
10.19 dBi at certain angles (90 and 270 degrees). The "i"
in dBi specifies that this gain is compared to an isotropic
radiator, a theoretical antenna that radiates equally in all
directions.

Directivity: Based on the figure-of-eight pattern, this
antenna would have a directivity that is higher than an
isotropic radiator but not as high as more focused antenna
types like a parabolic dish. This is typical for dipole
antennas.

DISCUSSION

The exploration of the S11 parameter reveals how
structural  modifications—specifically ~ box  length
variations—substantially ~ influence  the  resonant
frequencies and impedance matching of the antenna
arrays. For instance, Figure 4’s depiction of the resonant
peak at approximately 2.45 GHz with an S11 value of
about -15.92 dB underscores a well-matched impedance at
this frequency, crucial for applications such as Wi-Fi
where this frequency band is prevalent. This notable
resonance signifies efficient energy transfer from the feed
line to the radiating elements, a critical aspect in antenna
design for high-performance communication systems.

Further, the comparative analysis of Figures 4 and 5
highlights the sensitivity of the antenna’s resonant
behavior to physical dimensions. A pronounced shift in
the resonance, seen in Figure 5 at 2.42 GHz with an
enhanced S11 value of -39.90 dB, demonstrates a superior
impedance match, likely attributed to fine-tuning the box
length. This observation indicates the potential for
designing antennas with targeted resonances for specific
frequency bands.
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The Voltage Standing Wave Ratio (VSWR) plots,
particularly in Figures 6 and 7, serve as a testament to the
antenna's impedance characteristics over the frequency
spectrum. Figure 6 shows a VSWR value near the ideal at
2.45 GHz, while Figure 7 presents a broader frequency
range with acceptable VSWR levels, suggesting that
meticulous box length adjustments can effectively widen
the antenna'’s operational bandwidth.

The 3D radiation plots (Figures 8 and 9) provide a visual
affirmation of the radiation pattern's fidelity and its
dependency on the physical alterations of the antenna
array. Figure 8's irregular pattern, with multiple lobes,
points to a design that may support beamforming
capabilities, while Figure 9's more uniform pattern
suggests an antenna configuration that favors
omnidirectional coverage, a desirable trait for certain 5G
applications.
CONCLUSION

The findings illustrate that a fine-tuned box length not only
enhances the resonant characteristics, as seen with the
profound shift in S11 values (from -15.92 dB to -39.90
dB), but also substantially improves the impedance
matching across the spectrum, culminating in lower
VSWR values (as low as 1.38:1).

The investigation concludes that meticulous variations in
the box length within antenna arrays are paramount in
dictating their electromagnetic performance, particularly
for 5G applications. The insights derived from this
research facilitate the progression of antenna design
towards achieving broader bandwidths, superior gain
profiles, and enhanced signal directivity. The findings lay
a foundation for future antenna designs, incorporating
material innovations and exploiting novel manufacturing
techniques such as 3D printing to realize antennas with
optimized spatial configurations and multifunctional
capabilities.

The research establishes that box length diversity within
modified antenna arrays significantly dictates their
electromagnetic  performance, particularly in 5G
applications. The study's outcomes propel antenna
optimization techniques, steering the design of antenna
arrays towards achieving superior gain profiles, wider
bandwidths, and enhanced signal directivity. It posits the
foundation for next-generation antenna designs, aiming
for material innovation and 3D printing techniques to
realize antennas with optimized spatial configurations and
multi-functional characteristics.
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