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Abstract— A 1x4 microstrip array antenna design is
proposed, integrated with a Frequency-Selective Surface
(FSS) to enhance performance for Sub-6 GHz 5G
applications. The proposed antenna is (136x55 mm?) and is
compact and simple in design. This design meets the high data
rate and signal coverage demands of next-generation wireless
systems, exceeding FCC specifications for 5G applications.
The antenna combines the benefits of a rectangular microstrip
array and an innovative FSS reflector, enabling the use of low-
cost FR-4 substrate while improving gain. Through
comprehensive 3D electromagnetic simulations using Ansys
HFSS, we optimized critical parameters: reflection coefficient
(S11), gain, surface current distribution, radiation pattern,
and VSWR (1.15). The result is a peak gain of 6.40 dB at 4.5
GHz, outperforming conventional designs. This work
demonstrates the feasibility and effectiveness of FSS
integration, paving the way for further research and practical
applications in 5G antenna technology.

Keywords— High-Gain  Microstrip Array Antenna,
Frequency-Selective Surface, Sub-6 GHz, 5G Applications,
Ansys HFSS, Electromagnetic Simulation, FR-4 Substrate,
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INTRODUCTION

The next generation, that is, fifth generation (5G) of
wireless communication systems, therefore, compels new
antenna designs, which should serve the maximum data
rates and less latency, with even better coverage. The sub-6
GHz range is the key enablement for 5G massive
deployment and requires high gain and wide bandwidth
antennas to adapt to the dense signal environment in
meeting the service requirements and accommodating
diversity [1]. Enter microstrip array antennas—celebrated
for their compact size and easy-to-fabricate attitude, such
systems hold a position as promising candidates for
satisfying these criteria. However, in the majority of
classical cases, the traditional design does not succeed in
achieving necessary performance figures, thus pointing to
the necessity for novel engineering solutions [2].
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Figure 1: Basic structure of Rectangular Micro strip Antenna.
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Most of the recent developments have centered on the
Frequency Selective Surfaces (FSS) as a transformational
means that may help improve the gain and bandwidth of
microstrip antennas. Making FSS, with its very high
directivity, unique technology, and key solution to the
massive and multi-band integration of antenna structures,
therefore, significantly mitigates the interference and, in
general, improves the performance of this part of the
telecommunications system, which becomes a pivotal
technology for 5G and beyond. Such integration increases
further the functionalities of the antenna and introduces
design complexities that need very sophisticated simulation
tools for accurate modeling and optimization [3].

The substrate material, therefore, represents one of the
key choices in the design of the antenna, which acts to
influence the performance, cost, and manufacturability of
the final product. Mainly, FR-4 is a popular substrate,
economically balanced with performance, for 5G antenna
applications [4]. However, the inherent limitations of these
materials derived from it, as a consequence of dielectric
losses and thermal stability, require meticulous design with
optimized strategies to be able to obtain maximized
performance of the antenna [5].
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Today, one of the continuous needs in the toolbox in the
process of design of antennas has become Ansys High-
Frequency Structure Simulator (HFSS). HFSS provides
simulation opportunities that guarantee the most accurate
predictions of the performance of complex antenna designs
for a variety of operating conditions. Consequently, it is
absolutely necessary to optimize design parameters, such as
antenna geometry, substrate characteristics, and FSS
integration, so as to allow requirements to be satisfied in the
light of 5G communications [7].

Il. BACKGROUND STUDY
It will be a game-changer and bring about another
new revolution in technology with current features like
massive data rates, ultra-low latency, and massive
machine-type communications. Key to that technology
revolution is a powerful antenna design, in particular, at a
level that will enable it to work across the spectrum sub-6
GHz in the 5G band for applications that offer a reasonable
balance between coverage and bandwidth. The
development of microstrip array antennas, because of their
compactness and easy integration with modern electronics,
thus offers itself as one of the key enablers that would need
technology innovations for it to be adapted to the stringent
requirements of next-generation networks [8].

However, this conventional microstrip antenna
has an inherent disadvantage of perhaps featuring relatively
low gain and that of narrow bandwidth required by 5G
systems, hence limiting performance. Inherent with these
benefits are a relatively low gain and a narrow bandwidth
requirement, both of which, in turn, restrict its
performances for 5G systems. To overcome these
challenges, an integrated approach of The FSS, which is a
periodic array of conductive elements, can enhance the
electromagnetic performance parameters of the antenna
system, such as gain, bandwidth, and others, through
control of the efficient propagation of electromagnetic
waves [9]. This approach may offer control over
conventional drawbacks of microstrip antennas and, hence,
may be more suitable candidates for 5G applications.

The performance of the 5G antenna can be studied
by using other techniques, such as searching for new
materials, geometries, and integration of metamaterials
[ ]. These are very promising developments, though
the detailed integration of FSS with 1x4 high gain
microstrip array antennas for sub-6 GHz band applications
is less dealt with, and this indeed remains an area which has
ample scope for worthy contributions in the field.

This proposed research, therefore, shall employ
the use of Ansys High-Frequency Structure Simulator
(HFSS) to design and simulate a 1x4 high-gain microstrip
array antenna integrated with an FSS reflector. This
combination should, therefore, work to better performance
metrics, which include higher gain and better efficiency, all
very important to meet the Federal Communications
Commission (FCC) standards for the 5G networks [12].
This paper, in its present form, has tried to propose a
solution that is cost-effective and, at the same time,
performance-oriented by optimizing the antenna
configuration and the low-cost FR-4 substrate used in the
design of the antenna for a Sub-6 GHz 5G application.

The work thus makes a twofold contribution: in-
depth analysis of the design considerations and
performance enhancements achieved through the FSS
integration with microstrip array antennas and secondly,
providing empirical validation of how, in practice, the
proposed design lives up to the stringent 5G wireless
communication [ ] requirement. This is what one of
the gaps may be covered by this research. Practical,
however, it is a solution to this problem for speeding
efficient 5G systems.

Simply put, with the penetration of 5G into the
telecommunications industry, the urgency of the latest
design of antennas becomes extremely urgent. This will be
an important study. The review and the integration of FSS
with 1x4 high gain microstrip array antennas can only be
seen as one step toward the development of high-
performance cost-effective antennas for Sub-6 GHz 5G
applications that promise to yield valuable insights and
practical advancements in the field of wireless
communications [15].

I11. CORPORATE FEED TECHNIQUE

corporate feed is the basic building block for the
design of all the array antennas based on microstrip,
particularly in those applications where the signal needs to
be applied uniformly to several antenna elements, as is the
case for multi-element high-speed 5G networks. This thus
becomes very necessary for ensuring that each element of
the array receives an equal amount of power, and this is
very vital in the achievement of a uniform and quality
output signal.
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Concept and Operation: Since the division of total
input power into equal parts for each antenna element is
possible, the use of a corporate feed network is allowed
with a hierarchical branching system. This is done using
several power dividers or splitters, put in a tree-like
configuration, to ensure proper distribution of power
equally among the radiating elements—either at the
position of that element in the array or not.

Advantages include uniform  distribution,
scalability, and flexibility in design. Uniform Distribution
ensures power is uniformly distributed, which is important
for carrying out radiation patterns uniformly with very
minute error in phase between the elements of the array.
Scalability means the array is very systemically designed,
allowing for easy expansion without compromising power
distribution efficiency. Flexibility in design offers a wide
range of impedance matching and bandwidth,
accommodating various design specifications and
application requirements.

Design Considerations involve careful design for
impedance matching throughout the feed network to
minimize reflection losses. Corporate feeds are efficient;
however, designers must be aware of losses that may occur



in the splitting process, affecting the array's performance.
Additionally, the complexity and size of the feed network
increase with the number of elements, potentially leading
to higher fabrication costs and a larger footprint.

Applications in 5G: The corporate feed technique
provides a strong solution for the development of
microstrip array antennas, ideal for integration with
technologies like Frequency-Selective Surfaces (FSS) to
ensure uniform distribution of power to its antenna
elements. This is crucial for meeting the stringent demands
of 5G standards, especially in the sub-6 GHz bands that
require optimization of antenna performance, directly
improving network reliability and user experience.

The capability to distribute power uniformly,
scalability, and flexible design are paramount in the role of
the corporate feed technique in developing microstrip array
antennas for 5G and beyond. When applied to the design of
a 1X4 high-gain microstrip array antenna with an FSS
reflector, it shows the realization potentials of performance
in wireless communication systems, marking a significant
achievement for the effective development in addressing
the challenges of next-generation networks.

IV. BASIC CORPORATE-FED MICROSTRIP ARRAY ANTENNA

Concept Overview

Classically, design and development of an optimization
process take place in the two phases, and the first phase
consists of an initial design from which other consecutive
phase optimizations will be based. The basic definition of
the array configuration and feed network shall be done in
this phase, which will further be tuned and refined by
subsequent phases.

A. Antenna Elements

The basic array may be a matrix of rectangular or square
microstrip patches, all designed to resonate at the frequency
of operation. The dimensions are considered effective
constant of substrate dielectric material and wavelength of
operating frequency for these elements.

B. Substrate Selection

FR-4 is the common substrate due to its performance-
cost ratio. In actual fact, the dielectric constant and
thickness of the substrate greatly influence the bandwidth
and radiation properties of patches.

C. Feed Network Design

The next function of the corporate feed network is to match
the impedance of the antenna elements having a uniform
power split. The matching elements at this stage are the
simplest of all—it is the quarter-wave transformer.

The design would ensure that the elements of the
antenna have equal power in order to realize equal radiation

patterns. Simulation and Testing The results will come in
handy for testing the reflection coefficient (S11), gain,
radiation pattern, and impedance bandwidth of the designed
antenna using simulation software such as Ansys HFSS.
The results will thus give a basis for the improvements that
need to be carried out.

V. ADVANCED CORPORATE-FED MICROSTRIP ARRAY
ANTENNA

Adding the number of elements in phase 1 from
the basic design to form an array for further gain and
radiation pattern improvement. Now, in that design, a json
figure of a 1x4 array has been configured. The elements are
placed in such a way as to help in widening and giving
directivity to the radiation pattern for beaming signals
along intended communication paths in the 5G network
system.
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Figure 4
Parameter Value (mm) Parameter Value (mm)
‘Ws and Wg 136 Wi3 2745
Ls 55 Lf3 15
wf 2745 W4 3.038
Lf 11.84 Lf4 925
h 16 Wi8 3.038
t 0.035 Lf8 11
Ll 5 p 18
Wil 0.79 Wp 13.85
WiE2 178 Lg 29
Lf2 10 ] 16.88
Table 1

A. Feed Network Complexity

The corporate feed network in Phase 2 is more complex.
Added power dividers serve to make the same power be
delivered to all elements. This requires very careful
network design such that low loss and stable impedance
matching are maintained at each split.



B. Impedance Matching

Additional quarter-wave transformers or other means of
matching should be utilized to ensure each of the elements
is properly fed, thereby reducing reflection considerably
and maintaining the VSWR at a low level.

C. Enhanced Simulation

The simulation is of great importance with the complicated
design having a feel of what is expected. Phase 2 would
have the part of very intense software testing to estimate
the characteristics—for example, on Ansys HFSS: S11,
VSWR, gain, efficiency, cross-polarization levels, paying
keen attention to the effects of more array elements.
Expected Performance Metrics

Reflection Coefficient (S11): Likely improves from phase
1, which in terms of magnitude would reach closer or equal
to -15 dB or -20 dB, considering that even better impedance
matching.

D. Gain:

A noticeable increase in gain due to the additional
elements, potentially exceeding 10 dB.

Radiation Pattern: More directive with reduced side lobes
and enhanced front-to-back ratio.

Preparation for Real-world Application Phase 2 would
further look into minimizing the footprint of the array in
practical ~consideration of implementing 5G and
optimization of FR-4 substrate material between
performance and manufacturing cost.

The design in phase 2 represents a transition to a
more sophisticated and elaborate array of antennae,
wherein corporate feed networks will handle far more
elements for better performance in 5G applications. Key
elements of this design are the higher gain and better
radiation pattern, which would enable it to meet the
demands of the sub-6 GHz frequencies within the 5G
network. These actually provide readiness for
development, probably real-time test.

VI. ADVANCED MICROSTRIP ARRAY ANTENNA WITH FSS
REFLECTOR

Figure 3

A. FSS Reflector Integration

At this point, the FSS reflector is added. The FSS
actually contains conductive elements that are periodic,
acting as a bandpass or bandstop filter of the
electromagnetic waves. When integrated in, it increases the
gain and directivity of an antenna by reflecting desired
frequencies to the antenna, all this while filtering out
undesired frequencies.

B. Antenna Elements

Phase 3 microstrip elements will maintain an
optimized design quite similar to that of Phase 2 but will
likely yield further improvement in their individual and
combined performance, informed both by the simulation
results and by a real-world testing data set developed in the
previous phase.

C. Advanced Corporate Feed Network

At this stage, the feed network presents all changes that, on
one hand, ensure confinement within the FSS reflector and,
on the other hand, decent power sharing among the antenna
elements. The design of the feed may also include some
additional phase adjustment elements to optimize its
performance with the FSS in place.

VIIl. RESULTS AND ANALYSIS

A. Reflection coefficient

S11 is a key parameter in antenna design, giving an
amount of reflected power back from the antenna due to a
mismatch in impedance. It is expressed in terms of decibels
(dB), where the results of this expression are usually of a
negative nature. The smaller the value of this approaches 0
dB, there will be a greater mismatch, and hence the
performance of the antenna will be poor. On the other hand,
the closer it gets to -co dB, the match is better. On the
practical antenna system, S11 would be generally
acceptable below the value of -10 dB, an indicator of power
reflected at less than 10%, while over 90% is radiated by
the antenna.
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Initial Design The simplest phase of the design
focuses on getting the thing to something of a basic
operational state in the sense that the reflection coefficient
would show the antenna radiating energy but inefficiently.
Respect to the graph, the peaks and troughs of the graph for
phase S11 on phase 1 give that the lowest trough is the



frequency at which the antenna is well matched with the
transmission line. This phase, generally, will be the wide
dip of the reflection coefficient, indicating the wide
bandwidth dip, but not necessarily good efficiency because
the dip may be not very low.

2) Phase?2
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Intermediate Design Enhancements Phase 2 means an
iteration with respect to the redesign based on the first
results. The S11 graph in this phase has sharper nulls than
in the previous one, meaning the antenna had been retuned
to much sharper points at some frequencies. One would try
to have a deeper match, say below -10 dB, over the desired
frequency bands. These can be achieved by adjustments of
some physical parameters of the antenna or the
transmission line impedance to optimize the matching.
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Proposed Final Design The final proposed stage,
namely the sophistication of design quality, will result in a
vastly improved outcome that goes in the direction of an
ideal compromise between bandwidth and efficiency. The
graph S11 for phase of scenario 3 has a fine-tuning nature
very much, showing very many narrow deep troughs under
-10 dB, which would suggest that the antenna is well
matched over this frequency range. Perhaps, through
further structural optimization, addition of matching
networks, or use of exotic materials.

B. Peak Gain:

Thus, the peak gain accounts for the ability of an
antenna to focus power in some desired direction over an
isotropic source. This brings out one of the most important
aspects of the performance, more so in communication

systems, where directionality and power per unit area are
key issues.
1) Phasel
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Normally, it means the starting gains that most probably are
far from optimal since the design was still being fine-tuned.
The benchmark of this is to establish the starting point of
future comparison improved.

2) Phase 2:
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Second phase of antenna having improved gain figure,
enabled through the antenna design element optimization,
such as either element spacing changes or the feed network
improvement.

3) Phase 3 (Proposed):
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At this final stage, the design aims to be the one that will
maximize the peak gain. The phase may include new
approaches to innovations, such as the use of a frequency-
selective surface that will focus radiated power more than
in the previous cases.



C. System Gain:
The system gain is the evaluation of overall effectiveness
done with all due considerations to the antenna in directing
energy. This includes contributions from all components,
such as the antenna elements, feed networks, matching
networks, etc.

1) Phase 1:

System Gain Plot 1
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Figure 12

The system gain is expected to be lower than the optimized
design because the losses would be higher, and the design
will most likely not have been optimized.

2) Phase 2:

System Gain Plot 1
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Figure 13

Here is a place where the system gain will have improved
due to iterative refinements that reduce losses better and
direct the radiated power.

3) Phase3
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This is the point at which these design efforts culminate to
give the highest system gain, being indicative of a highly
efficient antenna system in effectively steering power.

D. Total Efficiency:
Total efficiency represents the measure of the ability of the
antenna to convert input power to radiated power and,
therefore, represents that fraction of input power fed to the
antenna, which finds useful usage.
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Might show lower efficiency as it includes initial losses and
may not yet be optimized for power transfer.
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Improvement. With improvement, it means that most
likely, there will be an increase in efficiency due to
redesign, probably with minimized resistive losses and
better matching of impedance.

3) Phase 3 (Proposed):
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Efficiency approaches the ideal—70-90% is the ideal
range—where excellence in antenna design is represented
through an apparently obvious, best-representation
possible.

E. Surface Current Distribution:

The distribution of the surface current depicts the way
electric currents are flowing over the structure of the
antenna. It is one of the best tools to understand how
radiation occurs within the antenna.

1) Phase 1:
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Figure 18

The original current distributions of either the transducers
will have non-uniformities due to inefficient design, which
can cause grating lobes and other undesirable radiation
patterns, or impedance mismatching.

2) Phase 2:

Figure 19

As the design iterates, the more it looks like the

equalization of the surface current distribution, one of the

tell-tale marks of having a balanced and efficient design.
3) Phase 3 (Proposed):

Figure 20

Ideally, therefore, a good balance in the current flow over
the antenna elements would, hence, be achieved by
maximizing efficiency of radiation while but ensuring
minimization of unwanted losses or reflections.

F. Radiation Pattern:

The far field (i.e., for r > 2D2/), where D is the antenna's
greatest dimension) radiation qualities of the antenna as a
function of the electromagnetic (EM) wave's direction of
departure are represented mathematically or graphically as
the radiation pattern. Numerous quantities, including gain,
directivity, electric field, and radiation vector, can be
represented by a radiation pattern. As a result, the phrases
radiation vector pattern, electric field pattern, and gain
pattern are employed, respectively.
1) Phase 1:
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Figure 21

At 155 GHz, the antenna shows strong directional
radiation with two main lobes at O degrees phase and a
slightly less symmetrical pattern at 90 degrees phase. Such
characteristics are suitable for satellite communications
where focused energy and high gain are crucial.

2) Phase 2:



Freg="3

Setup
Freg="3GHz' Phi="90deg’

-180

Figure 22

The radiation at 4.5 GHz has multiple lobes, indicating a
complex radiation profile. This pattern, with its distinct
directional differences at 0 and 90 degrees phases, suggests
potential use in mobile communications for dynamic
coverage.

3) Phase 3:

Figure 23

The pattern at 4.5 GHz features several lobes resembling
petals, implying a capacity for broad, multi-directional
coverage. This frequency's usage in Wi-Fi and satellite
communications benefits from such an adaptable radiation
profile.

G. Voltage standing wave ratio (VSWR):

An essential factor in the design and study of transmission
lines, antennas, and other radio frequency (RF) devices is
the voltage standing wave ratio, or VSWR. It is a
measurement of the effectiveness of radiofrequency power
transfer from the source to the load (often another
transmission line or antenna) via the transmission line or
antenna. Poor matching between the source and the load,
which can lead to power loss and signal distortion, is
indicated by a high VSWR.

Measuring the reflection coefficient (I') as opposed to the
reflected power directly is more typical in many situations.

The ratio of the reflected voltage amplitude to the incident
voltage amplitude is known as the reflection coefficient.
r==
Vi
Where:
e Visthe amplitude of the reflected voltage.
o Vjis the amplitude of the incident voltage.

The reflection coefficient can be related to the VSWR by
the formula:

1-|IT
VSWR = -1
1+(T
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The plot shows the VSWR across a broad range of
frequencies typical for radar and satellite communications.
Peaks indicate mismatches where the signal is reflected
back towards the source, and valleys represent frequencies
where the match is better, implying more efficient
transmission.
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This VSWR plot covers a range used in many
communication applications, including Wi-Fi. The VSWR
dips around 4.5 GHz suggest the antenna is well-tuned for
this frequency, with lower reflection and better
performance.
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This plot appears to be another measurement phase of
VSWR in the same frequency range as the second image,
showing how the matching condition varies. The
consistency of the low points can be crucial for applications
needing stable performance over a range of frequencies.
Thus, we obtained a VSWR of this antenna will be 1.15.

VII1.CONCLUSION

The project has successfully designed a 1X4
good-gain microstrip array antenna integrated with a
frequency-selective surface (FSS) optimized for sub-6 GHz
5G applications. This is an innovative design, which has
shown a large peak gain of 6.40 dB at 4.5 GHz with the
help of the detailed simulation capabilities of Ansys HFSS.
Thus we got an efficiency of this antenna is 75.892%.
Through this approach, the combination of the FSS
reflector with the microstrip array has brought some really
potential and outstanding improvements in performance,
confirming, through simulation, the theoretical predictions
on some design configurations.
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