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Abstract-Microstrip patch antenna's straightforward design, affordability, and
portability make them popular in wireless applications. These antennas are
increasingly being replaced with meta materials, which are typically
constructed of materials like FR4 and Rogers RT duroid. Because of their
special qualities, these synthetic materials can be designed to perform better.
Multiple-frequency reconfigurable micro strip patch antennas are made possible
by the use of meta materials. With the help of this technology, antenna settings
can be dynamically adjusted, enabling a single antenna to serve several
purposes in several frequency ranges. The objective of this study aims to
develop a microstrip patch antenna that is reconfigurable and operates at four
different X- and Ku-band frequencies. The antenna emits at five distinct
frequencies, according to simulation results: frequencies: 5.48, 9.88, 11.32,
12.68, and 15.08 GHz signals with matching return loss coefficients of -30.0870
dB, -30.8473 dB, 15.095 dB, -24.6103 dB, and -24.6103 dB. The results show
excellent agreement with simulated data, and the antenna is built using FR4 as
the substrate.

Keywords--Multiband MIMO antenna, Compact design, 4G LTE, Sub-6G,
WLAN applications, Portable electronics, Spatial MIMO diversity, Beam-
forming network, Antenna isolation, Return loss.

1.INTRODUCTION

The ability to integrate with other printed circuit board (PCB) types,
substrate integrated waveguides (SIW) have attracted a lot of research from a
variety of fields, including microwave and optical bands. When compared to other
technologies like coplanar waveguides, microstrip transmission lines, conventional
waveguides, etc., SIW structures can be used to easily achieve all of these
benefits[1].A rectangular-ring microstrip antenna with frequency reconfiguration is
modeled analytically. A lossytransmission-line (LTL) model is used to examine the
reconfigurable antenna's input impedance and resonance frequencies. An analytical
formulation for the input impedance is obtained by using Yadmittance matrices[2].1t
is suggested to use a small reconfigurable antenna that has four directional modes
and an omnidirectional mode. The antenna is made up of A dielectric substrate with
four parasitic components etched on it and a primary radiator[3].A cross section at
low radar (RCS)frequency reconfigurable directional the antenna isshown in this
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communication. A two-layer metastructure and a slot-coupled microstrip patch
make up this antenna. The bottom-layer metastructure is made up of loadable,
adjustable reflection phase cells surrounding the antenna source, while the top-layer
metastructure combines an absorbing surface with a partly reflection surface
(PRS)[4]. 3D-printed completely dielectric biomaterialreflect array with bandgap
properties for multi-band applications is presented in this research. Bandgap
properties are obtained by using a "1D Bragg reflector" unit cell. The latter is a
multilayer structure with a periodic variation in the refractive index's spatial
distribution along one dimension. The bandgap can be changed to encompass the
necessary frequency ranges by carefully choosing the dimensions[5].

Micro strip reception devices are frequently utilized in wireless applications due to
their affordable, tiny size, and straightforward design. Materials such as Rogers RT
duroid and FR4 are used to create these tiny strip mount receiving antennas. Meta
materials are a useful substance that is replacing these typical materials[6].This
chapter provides an overview of the different parts, classification, and design
procedure of reconfigurable antennas. It is addressed which applications have used
reconfigurable antennas and how different antenna characteristics are linked to new
communication uses[7].Micro strip reception devices are frequently utilized in
wireless applications due to their affordable, tiny size and straightforward design.
Materials such as FR4 and Rogers RT duroid are used in the construction of these
tiny strip fix receiving antennas[8].An MPA's (microstrip patch antenna) rectangular
design for wirelesscommunication, primarily at 2.4 GHz, is presented in this study.
The High-Frequency Structure Simulator (HFSS) was used to mimic the suggested
MPA, which was created on a FR4-Epoxy substrate using a micro strip line feeding
technique [9].Novel uses of metamaterials composite structures in antenna
engineering have been examined in this research. Metamaterials have certain unique
characteristics that are not present in conventional materials when compared to
them[10].

Smaller antennas with wideband capability are becoming more and more necessary
as the world becomes more wireless. This paper discusses the functionality of a
miniature compound frequency reconfigurable microstrip patch antenna with an
asymmetrical array patch at the top and a metamaterial DGS structure at the
bottom[11].The design of a dual-beam linear antenna array that may be reconfigured
with excitation distributions that change this paper uses a method based on the clonal
selection algorithm to show that only in phase (CLONALG)[12].A novel Antenna
system designed for cognitive radio applications is presented in this communication.
A frequency reconfigurable antenna system and a UWB antenna make up the antenna
construction[13].A novel reconfiguration method for putting frequency tunableband
pass filters into practice is described in this letter. This is achieved by using an
integrated varactor to change the filter’s total capacitance[14].A reconfigurable
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antenna system that is optically pumped (OPRAS) is used to develop a cognitive
radio front end. A reconfigurable narrowband antenna as well as an ultrawideband
antenna are placed next to each other in the scheme[15].

As the globe moves towards wireless technology, antennas are essential for
communication. We suggest a bow-tie antenna with a slotted design that may be
adjusted. A coplanar waveguide (CPW) input, two programmable CPW-to-slot line
transitions, two Vivaldi-shaped radiating tapered slots, and four reconfigurable PIN
diodes make up the antenna[l6].A Software Defined Radio Integrated Agent
Architecture. To use these, CR1, a rapid-prototype cognitive radio, was created. It
has been said that the core of a cognitive radio is the contemporary software-defined
radio. An integrated agent architecture presented in this article for cognitive radio
applications for software-defined radio is called cognitive radio[17].A novel system
of antennas intended presented in this article for cognitive radio applications
communication. An antenna system with frequency reconfiguration and a UWB
antenna make up the antenna construction[18].The distribution of spectrum is
getting increasingly limited as mobile data applications continue to expand.
Cognitive radio (CR) is currently seen as a significant solution to reduce congestion
and increase speeds[19].Cognitive radio devices should recognize their
surroundings, cooperate with other cognitive radio devices, and adjust themselves in
order to increase the efficiency of spectrum consumption (available idle spectrum).
When creating cognitive radio devices, the idea of reconfigurability becomes
essential[20].

The application of reconfigurable antennas in cognitive radio is covered in this
work. Thus far, spectral estimation and signal categorization have received the
majority of attention in the field of cognitive radio[21].The application of
reconfigurable antennas in cognitive radio is covered in this work. Thus far, spectral
estimation and signal categorization have received the majority of attention in the
field of cognitive radio[22].a novel reconfigurable antenna method based on slot
rotation is examined. For every slot position, the surface currents are redistributed.
The antenna is manufactured, tested, and simulated[23].In recent years, a lot of
study has been done on the desired feature of reconfigurability in antenna systems.
This work creates an antenna system that can be reconfigured to emit comparable
patterns throughout a broad frequency spectrum by integrating self similar planar
antennas with Cantilever RF-MEMS switches with ohmic contact[24].A basic
antenna construction is recommended in order tothe structure. Short circuits across
the slot are produced by construct antennas with pattern and pattern/frequency
reconfigurability bias networks, lumped capacitors, PIN diodes, an L-shaped slot,
andthe lumped capacitors and PIN diodes positioned at particular points[25].A
novel The design approach for dual-band reconfigurable slot antennas is presented.
Making use oftwo lumped variable capacitors to load a slot antenna (varactors)
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positioned appropriately throughout the slot allows for dual-frequency
operation[26].A reconfigurable antenna system that is optically pumped (OPRAS) is
used to investigate a cognitive radio front-end. A reconfigurable narrow-band
antenna and a UWB antenna are placed next to one other in the scheme[27].A new
design of a frequency silicon that is photoconductive reconfigurable antenna that
uses components as switches that use light is presented in this letter. These silicon
component's physical characteristics can be changed from semiconductor to nearly
metal like by shining them with light of the right wavelength[28].A reconfigurable
antenna system that is optically pumped (OPRAS) is used to investigate a cognitive
radio front-end. A reconfigurable narrow-band antenna and a UWB antenna are
placed next to one other in the scheme[29].An overview of the state of RF switches
that are currently suitable for use in antenna systems is provided in this paper. Both
traditional antenna systems and more current reconfigurable ones have made use of
switches[30].

2.ANTENNA DESIGN

A dipole structure is incorporated into the slotted design of the suggested antenna
structure, which has a defective ground plane. Investigations are conducted into how
this design affects the antenna's characteristics. The split ring resonator in the ground
plane, as shown in the figures which produces separate ground plane segments that
are connected by the inductive nature of the substrate. A resonant circuit that is
inductively connected to the radiating patch can be created using this method. An
inverted T-shaped groove is etched onto a patch measuring 15.21 mm by 11.3 mm,
which makes up the radiating plane. The ground plane stays intact underneath the
feeder line, 3 mm that is linked to the patch. Completing the basis is the slotted split
ring construction. The patch that radiates is engraved on the uppermost portion of the
double-sided FR-4 Epoxy board used to manufacture the T-patch antenna, while the
slotted ground plane is positioned on the bottom. Effective results are obtained for
the microstrip patch antenna design by using the previously adjusted parameters
shown in table 1. How these factors were used in The following sections provide a
detailed description of the proposed microstrip patch antenna's design.
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Figurel. The suggested antenna’s HFSS 3D design structure

Table 1: Designing parameters

Description Optimized values for performance (mm)
Width of the substrate 19.5

Length of the substrate 22.5

Position of the substrate -12.5,-10.5,-0.8

Position of the patch joint -4.5,-0.5

Feed line width 1.575

Feed line length 2

3.ANTENNA DESIGN STRUCTURE AND WORKING

PRINCIPLE

A dipole structure is incorporated into the slotted design of the suggested antenna
structure, which has a defective ground plane. Investigations are conducted into how
this design affects the antenna's characteristics. The ground plane split ring resonator,
as depicted in the figures which produces separate ground plane segments that are
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connected by the substrate’s inductive properties. An inductively resonant circuit
connected to the patch that radiates can be created using this method.

An inverted T-shaped groove is etched onto a patch measuring 15.21 mm by 11.3
mm, which makes up the radiating plane. The ground plane stays intact underneath
the patch is attached to a 3 mm feeder line. Completing the basis is the construction
of the slotted split ring. The There is an etched radiating patch on the double-
sidedFR-4 Epoxy board used to manufacture the T-patch antenna, while the slotted
ground plane is positioned on the bottom.
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Figure 2. The proposed antenna’s defective ground layer (based on meta material)

4. OUTCOMES AND CONVERSATION

An antenna's performance can be assessed by taking into account important design
factors as gain, directivity, return loss, and VSWR. By optimizing a number of design
components, the patch antenna can accomplish the intended simulation results,
including: The length of the ground plane of the antenna; the width and length of the
feed - Material of substrate - Thickness [10] These parameters can be changed to
fine-tune the antenna's performance to satisfy certain needs.
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4.1 Return Loss

A crucial indicator of antenna performance is return loss, which is the proportion of
incoming radio waves that the antenna rejects to those that it accepts. The efficiency
of power transmission is shown by return loss, which is commonly measured in
decibels (dB). The suggested antenna's return loss graph at 5.5 GHz is shown in
Figure 3. At 5.48 GHz(designated as "m1"), the reported return loss is 21.3192 dB.
This translates into a reflected power transfer efficiency of about 96.25%. Based on
the return loss graph at the -10 dB level, the bandwidth is 250 MHz, or 5.35-5.60
GHz. With a maximum loss of -15.095 decibels,the antenna also displays another
peak resonant frequency at 9.88 GHz (designated as "m2").
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Figure 3. Return loss versus Frequency

Falling within the same range between markers'm3' and'm4', the frequencies 11.32
GHz and 12.68 GHz show return losses of -24.6103 dB and -30.0870 dB,
respectively, both of which are below the -10. A maximum return loss of -30.8473
dB is also noted at marker'm5', where a peak resonant frequency of 15.08 GHz is
detected. These bands have the following computed -10 dB bandwidths: - 190 MHz
(9.8-10.0 GHz) 2.14 GHz (11.07-83.22) At 14.35— 15.55 GHz, or 1.2 GHz with a
broad variety of bandwidths, the structurally modified antenna suggested in this
study is appropriate for a number of wireless applications [11].

4.2 VSWR

One metric used to evaluate the impedance matching between an antenna and its
cable is the Voltage Standing Wave Ratio (VSWR). Its value depends on the
reflection coefficient andshows how much power is reflected or transmitted [5]. A
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VSWR of 1:1 indicates an optimal match. At the respective resonant 5.48, 9.88,
11.32, 12.68, and 15.08 GHz signalsfrequencies, the resulting VSWR values are
1.188, 1.4269, 1.1250, 1.0646, and 1.059, as shown in Figure.4. These findings
show that effective transmission and reception are ensured by a wellmatched
antenna and cable impedance. The antenna's remarkable 96.25% efficiency at the

previously listed frequencies is noteworthy.
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Figure 4. Frequency versus VSWR
4.3 Directivity and Gain

By examining the total gain and the antenna's overall directivity, as shown in
Illustration 1.5, one can ascertain its overall efficiency. Peak values for 3.0489 dB is
the total gain, and 3.1674 dB is the total directivity for the suggested antenna. Based
on these figures, the efficiency is computed, as the figure illustrates.

Overall efficiency = (Total Gain / Total Directivity) *100 = 96.25%



1774

M. Noorjahan et al.

Figure 5. Directivity and gain

5. THE PROCESS OF OPTIMIZATION APPROACH

Table 2. Optimization methodology

Property Optimization-1 Optimization-2 Optimization-3 Optimization-4
- I l H . i l E l
Patch  Ground Patch Ground Patch  Ground Patch  Ground
Return -5.59dB -11.7dB -18.7dB -28.5dB
losss{1,1)
Gain 2.5dB 2.50dB 3.5dB 3.5dB
Directivity 3.45dB 2.76dB 3.824B 3.75dB
Efficiency 72.4% 93.76% 90.9% 95.73%

Figure 6. Antenna fabrication (a. upper layer, b. lower layer)

According to the optimization method, the antenna’s performance is significantly
enhanced by adding a notch to the radiating layer, while the ground layer has a
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metamaterial structure. Specifically, this design enhancement results in reduced
return loss, enhanced efficiency benefit.

The constructed antenna, which consists of two parallel dipoles divided by a patch
with an inverted T-shaped slot, is shown in Figure 6. The substrate connects this slot
to the slotted ground plane. Nonuniform dielectric loading is made possible by the
porous nature of the double-sided fiberglass board on which the antenna
construction is engraved. This characteristic aids in matching the impedance of the
antenna.

6. MEASURED RESULT

Using a network analyzer, the constructed antenna was experimentally tested;
Figure 6 shows the observed outcomes. The frequency ranges include 5.46, 10.11,
11.8, and 14 GHz frequencies observed data shows peak resonances. The
corresponding return loss values are 10.10 dB, 15.17 dB, -22.31 dB, and -35.34 dB
respectively.

Table 3: Return loss of simulation and measurements

Simulated
Noticed (Centre) The frequency of Loss of return (dB)
resonance (GHz)
Returned loss (dB)
5.48 -24.6103
9.88 -15.0950
11.32 -24.6103
12.68 -30.0870
15.08 -30.8473
Measured
Noticed (Centre) The frequency of Loss of return (dB)
resonance (GHz)
Returned loss (dB)
5.46 -35.34
10.11 -22.31
11.8 -15.17
14.00 -10.10
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7. CONCLUSION

The ground layer and radiating patch structure changes successfully address
impedance mismatching problems. By reducing switching loss, this narrow band
design achieves a sharp resonance frequency. Consequently, a wide range of
bandwidths are provided by the suggested structurally modified antenna, supporting
a number of wireless technologies including Bluetooth, Wi-Fi, WLAN, and Wi-
Max. Furthermore, the impedance of the cable and the antenna match well at the
operating frequencies, enabling efficient transmission and reception with a
remarkable

96.25% efficiency.
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