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Abstract

This research looks at microwave devices, specifically, patch antenna along with electromagnetic spectrum, shape,
mechanism, analytical methods, simulation tools, and feeding procedures. Patch antennas are distinguished by their
rectangular form, with a patch on one side and a ground plane on the other. Patch antennas work by exciting electromagnetic
waves inside the patch, which are subsequently transmitted into the surrounding environment. The report also outlines
numerous ways for evaluating the performance of microstrip patch antennas. The electromagnetic characteristics of the
antenna are analyzed using the transmission line model, cavity model, and multiport network model (MNM). The integral
equations that regulate the behavior of the antenna are solved using the method of moments (MoM) and the finite element
method (FEM). The spectral domain technique (SDT) is used to analyze the antenna’s frequency response, while the finite
difference time domain (FDTD) approach is used to analyze the antenna’s time-domain behavior. Overall, these
methodologies give a thorough understanding of microstrip patch antenna performance and may be utilized to optimize
their design. Furthermore, several patch antenna feeding methods, such as probe feed, microstrip line feeding, aperture
coupling, proximity coupling, and CPW feed, are investigated. Attaching a microstrip line to the patch, which is
subsequently linked to the RF source, is what microstrip line feeding entails. Aperture coupling entails making a hole in
the ground plane that allows the RF source to feed the patch directly. Proximity coupling is accomplished by placing a
probe near the patch, which creates an electromagnetic field on the patch. Patch antenna simulation software includes
programmers such as HFSS, CST, and FEKO. These tools simulate the patch antenna’s performance, including its radiation
pattern, gain, and input impedance. These simulations may be used to optimize the patch antenna design for specific
applications. Moreover, recent antenna trends are presented in this article.

Keywords: EM spectrum, microwave devices, radiation mechanism, analysis methods, feeding techniques, EM simulator.

1. Introduction

Microstrip antennas are a common antenna type. Microstrip
antennas are a common antenna type. Microstrip antenna
development began about 40 years ago and is still going
strong today. The discovery of low-loss, low-cost materials
enable the fabrication of an efficient, low-profile microstrip
patch antenna [1]. Novel analytical approaches and models
help in the development of novel radiating patches that may
be created and tested for use in a wide range of applications
[2]. Because of advances in computer processing capability,
numerical techniques have become more affordable, allowing
for additional dimensions in performing parametric analysis
of planned antennas [3]. Analytic methodologies not only
allow designers to develop free-space patch antennas, but also
to meet new requirements for new applications using new
technology [4]. The defense sector was the first to push for
microstrip antenna research, but it has now switched to
telecommunications, automotive, aerospace, and medical
applications [5]. Advances in microstrip antenna design have
helped a wide range of technologies, including global
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positioning satellites and wide area communication networks
[6, 7]. Wireless devices are increasingly requiring compact
planar multiband antennas with reduced shapes [8]. As a
result, one of the key goals is to minimize antenna size.
Miniaturized and multiband antennas are sought as device
sizes continue to shrink [9]. Meandering, bending, folding,
and wrapping are examples of miniaturization techniques,
whereas ground plane and radiating patch alterations, such as
permanent slots, reconfigurable slots, ground strip, defective
ground, and notches, are examples of multiband operation
[10]. Current research calls for the investigation of multi and
wideband compact microstrip antennas employing diverse
substrates (rigid and flexible) of varying thicknesses for
wireless and specialized applications [11]. In addition to the
well-known glass epoxy (FR-4) and Duroid substrates, other
polymeric  substrates such as PTFE (TEFLON),
Polycarbonate, FEP, and others) are sought for designing and
fabricating miniaturized and multiband and broad band patch
antennas for specialized purposes. The current work’s subject
of study comprises a complete overview of antenna as a
microwave device in general, as well as research on a specific
kind of antenna, namely microstrip antenna. The microstrip
antenna, a kind of antenna and microwave device, is explored
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in depth. The parts that come before it goes through the
electromagnetic spectrum, microwave frequency bands, and
microwave devices, as well as microstrip antenna analysis
approaches, feeding schemes, and simulation tools. There
includes a general introduction to antennas as well as a
discussion of microstrip patch antennas.

2. Electromagnetic spectrum

Electromagnetic radiation refers to numerous types of energy
that travel across space in the form of waves. The warmth
radiated by a blazing fire, the bright light released by the sun,
X-rays used by medical personnel, and the energy used in
microwaving food are all forms of electromagnetic radiation.

Despite their apparent dissimilarities, they share one feature:
Frequency (Hz)

the display of wave-like features. Electromagnetic waves may
be distinguished and organized based on their unique
wavelengths and frequencies, resulting in the electromagnetic
spectrum. This spectrum provides a complete framework for
categorizing and comprehending the whole spectrum of
electromagnetic radiation, from extremely long radio waves
to extremely short gamma rays. Scientists and researchers
may understand the features and behaviors of these waves by
researching the electromagnetic spectrum, which opens a
world of possibilities in sectors such as communication,
health, astronomy, and technology. Long wave radio, AM
broadcast radio, shortwave radio, VHF TV, FM broadcast
radio, microwave frequencies, infrared, visible light,
ultraviolet, X-rays, and gamma rays are all designated
electromagnetic spectrum bands. The frequency band names
for the 3105 to 31019 Hz spectrums are shown in Fig.1.
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Fig. 1. Band allocations of electromagnetic spectrum

2.1 Microwave frequency band

The microwave frequency range is 300MHz to 300GHz, and
different microwave devices, both active and passive, have
been precisely built to perform within this band. Originally
developed for military radar purposes, RF and microwave
technology is now widely used in a variety of fields.
Microwave technology is used extensively in satellite
communication, wireless local area networks (WLAN), and
cellular telephony. It is used in process control, sensing,
monitoring, and curing processes in industrial contexts.
Microwaves also aid the biological area through applications

Table 1. Applications of microwave frequency range [12]

such as hyperthermia therapy and imaging methods. The
proper frequency band is determined by the individual needs
of each application as well as the unique features of
electromagnetic waves. Table 1 presents a thorough overview
of microwave frequency uses, demonstrating their ubiquitous
effect across numerous sectors and technological
breakthroughs [12]. The adaptability and effect of microwave
frequencies are projected to extend further as technology
advances, giving new chances for innovation and
advancement.

Frequency Range
(300MHz-300GHz)

Applications

300-400.15 MHz

400.15-406 MHz
406- 430MHz
430-470MHz
470-960MHz

960-1400MHz Radiolocation
1400-1559MHz
1559-1880MHz
1880-2400MHz

2400-3100MHz

Defense system, radio astronomy, Land Services (ILS), PPDR, PMR, PAMR

S-PCS, Sondes, weather satellite, active medical implants

EPIRBSs, military systems, PMR/PAMR, radio astronomy

Amateur, active sensors, ISM, PMR/PAMR, land mobile

Broadcasting, PMSE, MFCN, PMSE, PPDR, GSM, IMT, alarms, MCV, RFID

Aecronautical military systems, GALILEO, GLONASS, GNSS Repeater, GPS, Active sensors,

Passive sensors, Radio astronomy, Land military systems, Maritime military systems, MFCN, T-
DAB, MSS Earth stations, IMT-2000

GALILEO, GLONASS, GNSS Repeater, GPS, IMT-2000, MSS Earth stations, Radio astronomy,
Meteorology, Weather satellites, Land military systems, Weather satellites, GSM, MCV, MCA
DECT, DA2GC, MCA, MCV, MFCN, MSS Earth stations, IMT, PMSE, Aeronautical / Maritime
military systems, Land military systems

Amateur, ISM, RFID, Wideband data transmission systems, MBANS, MSS Earth stations, PMSE,
MCV, MFCN, Radio astronomy, Passive sensors, Radiolocation
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3100-5000MHz

5000-5850MHz

5.850-10GHz
Radiolocation

10GHz-13.25GHz

13.25-14.5GHz

14.5-40.5GHz

Amateur, TTT, BFWA
40.5-76GHz

research
76-300GHz

Active sensors, Radio astronomy, UWB applications, Radiolocation, Amateur, BWA, FSS Earth
stations, MFCN, PMSE, ESV, Passive sensors, Aeronautical military systems, BBDR,
Telemetry/Tele-command

GALILEO, Radio astronomy, Satellite navigation systems, MLS, Radio determination Applications,
BBDR, Radio LANSs, Active sensors,

Maritime radar, Weather radar, Amateur, BFWA, ISM, TTT

BFWA, DA2GC, FSS Earth stations, ISM, ITS, ESV, Passive sensors, UWB applications, Land
military systems, MSS Earth stations, Satellite systems, Aeronautical navigation, Active sensors,

Amateur, BFWA, PMSE, Radiolocation, Land military systems, Radio determination applications,
Passive sensors, Radio astronomy,

AES, FSS Earth stations, HEST, LEST, Broadcasting, Fixed

Active sensors, Airborne doppler navigation aids, Maritime radar, FSS Earth stations, Radiolocation,
Passive sensors, AES, ESV, HEST, LEST, VSAT, MSS Earth stations, AGA communications,
Military systems, Radio astronomy, Passive/ sensors, Radiolocation, FSS Earth stations, GBSAR,
GSO ESOMPs, NGSO ESOMPs, Feeder links, HEST, LEST, PMSE, Broadcasting, SRR, ISM,

FSS Earth stations, Fixed, MWS, Radio astronomy, military systems, Amateur, HAPS, PMSE,
Feeder links, Passive sensors, Wideband data transmission system, ISM, Land mobile, ITS, Space

Amateur, Radio astronomy, Railway applications, SRR, TTT, Passive/Active sensors, Space
research, Fixed, Earth exploration-satellite

3. Classifications of microwave devices

Microwave devices are roughly categorized into two types:
active and passive (see Fig.2). Active devices have the
capacity to deliver energy or power to a circuit on their own,
whereas passive devices do not. Active devices include a
variety of components such as energy sources, amplifiers, and
microwave frequency generators. Passive devices, on the
other hand, may nevertheless adjust voltage and current levels
despite their inability to create microwave frequencies.
Microwave diodes, transistors, oscillators, mixers, Gunn
diodes, IMPATT diodes, PIN diodes, Schottky barrier diodes,
Klystrons, traveling-wave tubes (TWT), and magnetrons are
examples of active microwave devices. These devices are
used to generate, enhance, and regulate microwave waves.
Passive microwave devices, on the other hand, such as
microwave couplers, power dividers, magic tees, attenuators,
resonators, and microwave antennas, are critical in modifying
microwave signals without contributing energy to the system.
Signal distribution, isolation, power regulation, filtering, and
antenna transmission all rely on these passive components.
Understanding the difference between active and passive
microwave devices is critical for building and optimizing
microwave circuits for a wide range of applications, including
telecommunications and radar systems, as well as scientific
research and industrial operations.

Microwave Devices

|
! l
Active Devices Passive Devices
Microwave Diodes Tee, Couplers
Microwave Transistors Filters, Phase Shifter
Microwave Detectors Circulators, Bends
Microwave Tubes Isolators, Twists

Antennas
Fig. 2. Classification of microwave devices

3.1. Brief introduction of antenna

Antennas are indispensable in modern civilization, acting as
vital connecting links between humans and their
surroundings, even extending our reach into space. They
enable the smooth transmission of information across
enormous distances and are sometimes compared to
electronic eyes and ears [13]. Various opinions on antennas
may be found in the literature in terms of technical
terminology. An antenna, according to the IEEE standard
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definitions of antenna terminology (IEEE Std 145-1983), is
defined as an electrical device with the exceptional capacity
to both transmit and receive radio waves. An antenna may
also be described in the context of a circuit, where it
represents the load impedance coupled to the transmission
line and its radiating resistance [13]. An antenna, in essence,
serves as a transition device or transducer, allowing
electromagnetic energy to be exchanged between guided
wave propagation and free space propagation, or vice versa.
Antennas’ extraordinary capacity to capture and interact with
electromagnetic waves has enabled a plethora of uses in
communication, wireless technology, satellite systems, and
even space exploration. As civilization progresses, the role of
antennas in linking people and expanding our awareness of
the cosmos will become more important, making them an
essential aspect of our technological advancement.

The antenna serves as a bridge between electrons in a
conductor and photons in space. A guided wave flowing
through an open transmission line, as shown in Fig.3, will
radiate as a free space wave. The directed wave is a plane
wave, whereas the free space wave expands spherically.
Transmission lines are often constructed to minimize
radiation loss, whereas antennas are constructed to emit or
receive energy as effectively as possible [13]. A brief history
of antenna development with reported works [14-20] is
enumerated in Table 2. Joseph Henry reported the first wired
antennas in 1842. The history of wireless antennas dates back
to 1864, when James Clerk Maxwell predicted the presence
of electromagnetic waves [14-15]. In 1885, Thomas Alva
Edison received a patent for a communication system that
featured a vertical top-loaded antenna [16]. Heinrich Hertz
successfully made, transmitted, and received electromagnetic
waves later that year, in 1888, verifying Maxwell’s theoretical
predictions [17]. Indian physicist Jagdish Chandra Bose
began testing millimeter-wave transmission in 1895 and
created the first horn antenna in 1897 [18]. Marconi
demonstrated the capability of radio waves to maintain
continuous communication with ships sailing the English
Channel in 1897. In 1901, he conducted a transatlantic
experiment to establish the viability of long-distance (over
300 km) radio transmission [19- 20].

3.2. Classification of antenna

Antennas have a diversified set of properties that allow them
to be classified based on various design standards, modes of
operation, antenna parameters, and, most significantly, their
specialized areas of use. As depicted in Fig. 4, we come across
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numerous kinds of antennas in the literature. Our focus and
concentration for this work are on planar antennas, with a
special emphasis on the microstrip patch antenna. As a result,
the previous paragraph serves as a primer on the interesting
world of microstrip antennas. Microstrip patch antennas have
sparked considerable attention due to their distinct properties,
small size, and simplicity of integration into a wide range of
devices and systems. Because of their planar form, they are
suited for applications that need a low-profile and lightweight
design. These antennas may be found in wireless
communication systems, satellite communication systems,
radar systems, and even current smart phones and other
portable electronic gadgets. We will investigate the design
concepts, performance measurements, and practical
applications of microstrip patch antennas throughout this
study, providing light on their relevance and potential to
shape the future of wireless technology and communication

systems.
E lines
N
1
—_ —_— —_ —
L |
Transmitter Transmission line
Antenna
—>

Free space wave radiating in three dimensional
—

Fig. 3 Interfacing of antenna (redrawn after [13])

Table 2. Brief history of antenna growth

Ref. | Year | Inventors Work
[14] | 1842 Joseph Wire antenna was invented

Henry

James Electric and magnetic fields travel
[15] | 1865 | Clerk through space as waves with velocity

Maxwell of light

Thomas Communication system using top
[16] | 1885 Edison loaded antenna

Heinrich Proved the existence of
[17] | 1888 | Rudolf electromagnetic waves predicted by

Hertz Maxwell

Jagdish 5-6 mm  wavelength  wireless
[18] | 1895 | Chandra transmission using electromagnetic

Bose waves

. Practical application of wireless

Guglielmo Lo . .
[19] | 1897 . communication system using of radio

Marconi, .

contact between shore and ships

Guglielmo First experiment for long distance
[20] | 1901 . ..

Marconi communication by antennas

Antenna

[ ! I [

Wire Anllennas Apcmlic antennas  Printed q]anar antennas Reﬂelclor antennas

Parabolic reflector antenna
Cassgrain antenna

Dipole antennas ~ Waveguide horn
Monopole antennas Slot in waveguide
Helical antennas ~ Cavity or ground plane

Microstrip antennas

YagiUdaantennas
Fig. 4. Classifications of an antenna

3.3. Microstrip patch antennas

Deschamps [21] presented the notion of a microstrip patch
antenna (printed antenna) in 1953. However, after 20 years,
Munson and Howell built workable antennas in the1970s [22-
23]. Carver published a detailed overview of theoretical
analysis approaches for microstrip patch antennas in 1981
[24]. Microstrips are printed circuits that operate in the
microwave band of the electromagnetic spectrum (300MHz
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to 300GHz). The creation and manufacture of a microstrip
antenna on a printed circuit board is relatively basic and
straightforward. By replacing the more onerous waveguide
components with microstrip antennas, a designer may
minimize the size, weight, volume, and cost of components
and systems. The properties of an antenna are determined by
its size and other physical aspects; hence, the realization of an
antenna at microwave frequency requires greater
consideration than that at low frequency.

Microstrip antennas (MSA) are closely entangled with
electromagnetic (EM) waves, resulting in the stimulation of
four separate types of waves within a microstrip patch
antenna. To begin with, space waves are extremely desirable
for efficient antenna performance. Second, there are directed
waves, which are excellent for transmission lines and signal
propagation. Surface waves, like leaky waves, are regarded
undesirable because they can cause unintended consequences
and signal deterioration. Understanding and controlling the
interactions of different wave types is critical for optimizing
microstrip antenna  designs and obtaining desired
performance parameters.

The energy received from the transmission line must be
turned into space wave, and most of the wave energy must be
stored in guided wave for efficient transmission and reception
of electromagnetic waves in an antenna. Aside from space
waves, other waves found in antennas include surface and
leaky waves, both of which cause undesirable radiation
losses. Surface waves are excited and travel between the
ground plane and the dielectric to air interface through total
internal reflection before being reflected, dispersed, and
diffracted at the substrate’s edges. Surface waves are
introduced as the height of the microstrip substrate grows,
which is normally undesirable since they take power from the
total power available for direct radiation (space wave) use.
These surface wave behaviors limit gain while increasing
end-fire radiation and cross polarization [25]. When
electromagnetic waves flow in a single direction with the field
as provided in equation (1), the distinction between surface
waves and leaky waves becomes obvious following field
relations [26].

E = Ey(x)e ™" (1)

Where x denotes the propagation direction, k the free
space propagation constant, P the relative propagation
constant, and Ey(x) the amplitude fluctuations of the field.
The type of waves is determined by the value of P, which is
provided below:

P >1 : Surface waves

P<1 Leaky waves
Table 3 lists the benefits and limitations of microstrip

patch antennas over conventional microwave antennas with a
large frequency range (100MHz-100GHz).

Table 3. Advantages and limitations of microstrip patch
antenna

Advantages Limitations
Light weight, low volume and | Low efficiency and narrow
thin profile bandwidth (1-5%)

Extraneous radiation from feed,
junction and surface wave. Most
microstrip patch antenna radiates
in half space.

Easy in fabrication and low
fabrication cost
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Good polarization is difficult to
achieve

Lower gain (-6dB)

Have polarization diversity

Multiband antenna can be
easily design

. . All antenna parameters are
Compatible with MMIC difficult to satisfy simultaneously
Good quality substrate is required

with low temperature tolerance.

Feed line and matching
network both can be made on
same antenna structure

Poor cross polarization at high
frequency

Complex feed structure is required

No cavity backing is required

Antenna array is easily

possible in antenna array
Conformal array is easily . .
possible Limited power capacity (~100 W)

Large resistive loss in feed
structure

Simple feeding technique

As shown in Table 3, researchers [27] confront new
obstacles in improving the performance of microstrip patch
antennas. These problems include improving numerous
antenna characteristics such as bandwidth, gain, radiation
efficiency, radiation pattern, and feeder systems in order to
create a better and more optimum array architecture.
Additionally, designers strive to minimize the total planar and
volumetric dimensions of microstrip patch antennas. To
satisfy the needs of current wireless networks and to permit
seamless integration into diverse devices and applications
with limited space and budget restrictions, cost-effectiveness
and compactness are critical. By tackling these issues,
researchers and designers will be able to realize the full
potential of microstrip patch antennas and expand their
applications in wireless communication, satellite systems,
aerospace, and other industries that require high-performance,
small, lightweight, and efficient antennas.

3.4 Microstrip patch antenna-geometry, general structure
and radiation mechanism

A microstrip patch antenna is a small and adaptable antenna
that is made up of a thin sheet of conductive material, such as
copper or aluminum, that is put on top of a substrate material,
such as a printed circuit board or a dielectric material. The
antenna effectively transmits electromagnetic waves outward
by establishing a resonant electromagnetic field within the
patch. Microstrip patch antennas have become used in
wireless communication systems such as cellular phones and
WiFi devices due to their tiny size, low cost, and smooth
integration with other electrical components. As seen in Fig.
3, these antennas are often linked to transmitters or receivers
through transmission lines. The radio current is provided
through specialized procedures, allowing signals to be
transferred between the antenna and the ground plane. Figure
5 is a typical setup of a rectangular microstrip patch antenna,
demonstrating its basic yet effective design.

A microstrip patch antenna’s radiation property may be
analyzed using either the field distribution between the
conducting patch and the ground plane or the surface current
distribution on the conducting patch. While accurate field and
current distribution calculations are difficult, researchers
frequently employ approximations to construct a realistic
model of the microstrip patch antenna. As given in [28], these
approximations include the assumption of a zero tangential
magnetic field, the presence of magnetic walls encircling the
patch's perimeter, minimal electric field fluctuation
throughout the patch's width and thickness, and the treatment
of the patch as radiating slots. Furthermore, the electric field
is considered to be normal to the patch's surface. Researchers
can efficiently analyze and predict the radiation behavior of
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microstrip patch antennas using these simplifications,
providing useful insights for their design and optimization.

Feed point

Ground plane
Fig. 5. Geometry of rectangular MSA, excited by coaxial feed.

When the patch antenna is attached to the microwave
source, positive and negative charges are spread over the
patch's upper, lower, and ground plane surfaces (see Fig. 6a).
Because of the movement of charges, charges generate
current densities at the top (ﬁ) and bottom (]7; ) surfaces. The
repulsive force between similar charges on the patch's bottom
surface (ground) tends to drive certain charges from the
bottom surface, across its edge, and to the patch's top surface
(radiating patch).

Because the height to width ratio is so modest, the
attractive attraction between opposing charges prevails, and
most of the charge concentration and current flow remain
underneath the radiating patch. The weak magnetic field
tangential to the edges is caused by a little amount of current
flowing around the perimeter of the radiating patch. As a
result, an approximation is developed such that the tangential
magnetic field is zero and magnetic barriers may be placed
around the patch's perimeter. As a result, the patch antenna
may be modelled as a hollow with electric walls at the top and
bottom. We also envision four magnetic barriers around the
patch's boundaries. Each slot emits the same field using the
equivalence principle [28]. Because of the equal and opposing
current distributions on the slots, the radiation generated by
the slots along the x-axis is nearly nil. As a result, radiation
from the patch can be generated in terms of two vertical slots
with the same amplitude and phase. Fig. 6 b and c illustrate
the electric field distribution over the patch and the effective
size of the antenna, respectively.

|
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Fig. 6. (a) Charge and current distribution (b) Electric field distribution
(¢) Rectangular microstrip patch antenna with effective horizontal slots

4 Analysis methods of MSA

The microstrip antenna is primarily made up of a two-
dimensional radiating patch mounted on a thin dielectric
substrate, classifying it as a two-dimensional planar
component that can be mathematically and theoretically
analyzed. Figure 7 depicts the methods used to analyze
microstrip antennas, which are based on the study reported in
[25]. These approaches give vital insights into the behavior
and performance of microstrip antennas, assisting in their
design and optimization for use in wireless communication,
satellite systems, and other industries where tiny and efficient
antennas are required.

Analysis methods of microstrip antennas

l

Magnetic current distribution Electric Current distribution

Transmission line model Method of moments (MoM )
Finite-element method ( FEM )
Spectral domain technique ( SDT )
Finite-difference time domain (FDTD )

Fig. 7. Classification of analysis methods

Cavity model
Multiport network model

4.1. Transmission line model

A transmission line analysis approach may be used to
successfully conduct a performance examination of a
Microstrip Antenna (MSA). The microstrip radiating element
is equivalently represented as a transmission line resonator
with no transverse field changes in this technique. The
radiation is caused mostly by the fringing fields at the
resonator's open-circuited ends. The pioneering work of
Munson and Derneryd [29-30] may be traced back to their
proposal to depict the patch as two resonant slots spaced about
half wavelength for an ideal transmission line. The antenna's
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behavior may be better understood by estimating the input
impedance based on the distance between the patch's edge and
the feed point. Furthermore, this technique assesses the
effectiveness of the antenna while assuming that the fields
fluctuate along the length of the patch but remain constant
throughout its width and thickness. It is crucial to note,
however, that this transmission line model is only applicable
to rectangular and square patch antennas.

4.2. Cavity model
The region between the microstrip patch and the ground plane
is considered as a cavity in cavity model analysis, with
magnetic walls around the perimeter and electric walls at the
bottom and sides. This method takes into consideration the
fringing fields surrounding the patch's periphery,
substantially increasing the effective physical dimensions of
the microstrip patch in comparison to its real physical
dimensions. The distant field and radiated power may be
computed by considering an analogous magnetic current
around the cavity perimeter. Cavity model analysis provides
a more accurate depiction than transmission line model
analysis, although its computations are more difficult.
Unlike transmission line analysis, which is confined to
rectangular and square patch geometries, cavity model
analysis is flexible and may be used to any regular-shaped
microstrip patch. This adaptability enables a more thorough
evaluation of alternative antenna designs and geometries.
Although the cavity model analysis requires more
computations, the enhanced precision makes it a helpful tool
for understanding and optimizing the performance of
microstrip patch antennas in a variety of applications.

4.3. Multiport network model (MNM)

The Multiport network model is an extension of the cavity
model analysis that allows electromagnetic fields to be
modelled independently for two distinct regions: outside and
under the radiating patch [25]. The patch is modelled as a two-
dimensional planar network with many ports positioned all
around it in this model. Assuming homogeneous fields over
these tiny parts, each port represents a small section of the
patch's length [27]. Typically, four ports are taken along the
radiating edge of a rectangular patch and five ports along the
non-radiating edge. The patch's impedance matrix is
generated using Green's function, and the fields are added by
including an analogous edge admittance network. The
segmentation approach is then used to compute the overall
impedance matrix. Using the Multiport network model, a
more thorough and realistic depiction of the behavior and
performance of the microstrip patch antenna may be obtained.
This model allows for a better understanding of the
electromagnetic interactions inside the antenna structure,
making it a useful tool for optimizing antenna designs and
achieving specific performance criteria in a variety of
wireless communication and radar applications.

4.4. Method of moments (MoM)

MoM is a strong approach for analyzing both rectangular and
non-rectangular microstrip patch antennas. The surface
currents flowing on the patch's surface and volume
polarization currents within the dielectric slab area are
unknown in this technique [31]. In order to solve the patch
currents, an integral equation is used. Computers are used to
solve these integral equations, translating them into algebraic
equations to simplify and improve accuracy. The MoM
technique successfully forecasts the patch's currents,
impedance, and resonant frequency using this methodology.
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Although the MOM technique is more sophisticated than
other analytic models, it has emerged as the ideal way for
dealing with conformal, multiport, stacked, and linked
antennas [32]. SONNET, IE3D, AWR, ENSEMBLE, and
other electromagnetic simulation tools are available for the
study and design of antennas utilizing MoM. These
simulation tools allow antenna engineers and researchers to
study and optimize the performance of microstrip patch
antennas in a variety of applications, including wireless
communication, radar systems, and satellite communication.

4.5. Finite element method (FEM)

The Finite Element Method (FEM) has been shown to be a
useful technique for solving differential equations and
discovering practical applications in antenna theory. One of
its key features is its ability to adequately represent
complicated antenna designs. The Finite Element Method is
based on the principle of reducing the geometrical domain of
a boundary value issue into smaller subdomains. The issue
can be addressed computationally using linear algebra
techniques by formulating the governing differential
equations and related boundary conditions as a set of linear
equations. The analysis of issues utilising the Finite Element
Method may be divided into four parts [33]: First, the solution
region is subdivided into a finite number of components.
Following that, governing equations for a typical element are
developed. The solution region's components are then
assembled. Finally, the equation system is solved to give the
required result.

The High-Frequency Electromagnetic Field Simulation
(HFSS), which is commercially available from ANSYS, is a
commonly used electromagnetic simulation tool based on the
Finite Element Method. This program is often used to analyze
antenna designs and performance. Antenna engineers and
researchers may acquire critical insights into antenna
behavior and optimize their designs for diverse applications
in wireless communication, radar systems, satellite
communication, and more by exploiting the capabilities of
HFSS.

4.6. Spectral domain technique (SDT)

The Spectral Domain Technique (SDT) is a sophisticated
approach for antenna research that employs a two-
dimensional Fourier transform along the patch's two
orthogonal directions inside the substrate plane. In the Fourier
transform plane, boundary conditions are then applied. The
impedance matrix is created using this approach, allowing the
computation of the current distribution on the conducting
patch and the analogous magnetic current distribution on the
surrounding substrate surface.

The SDT approach combines two fundamental criteria to
improve computational efficiency. The first guideline is to
employ Basis functions to simplify the representation of fields
and currents, resulting in speedier computations. The second
rule includes using algebraic equations rather than integral
equations, which reduces processing complexity even further.
These time-saving measures ensure that the SDT approach
continues to be efficient and successful in analyzing
complicated antenna configurations and producing correct
findings.

Antenna engineers and researchers can acquire a better
knowledge of antenna performance and behavior by utilizing
the Spectral Domain Technique. The SDT approach is very
effective for optimizing the design of microstrip patch
antennas, planar antennas, and other complicated antenna
layouts. Furthermore, because of its computational benefits,
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it is an important tool for analysing large-scale antenna arrays
and conformal antenna configurations in a variety of wireless
communication and radar applications.

4.7. Finite difference time domain (FDTD)

The Finite-Difference Time-Domain (FDTD) approach is a
numerical analytic tool for solving Maxwell's equations in
time and space domains. It was first presented in 1966 by K.
S. Yee [34]. One of the most significant benefits of the FDTD
approach is its ability to reliably forecast antenna
performance using a broadband pulse excitation, allowing for
thorough simulations across a large frequency range in a
single run [25]. This makes it appropriate for analyzing
various antenna types and feeding methods.

However, as the complexity of the antenna construction
grows, the FDTD approach becomes computationally
difficult and time-consuming, necessitating more memory
resources [35]. Tables 4 and 5 provide an overview of several
analysis approaches, presenting a comparative study of their
applicability and limits to assist designers and producers in
selecting a suitable method. To summarize, the FDTD
approach is an effective tool for analyzing antennas and their
performance across a wide frequency range. It comes in
handy especially when working with basic antenna structures.
However, due to computational and memory limits, different
analytical approaches may be better appropriate for more
complicated antenna designs. Designers may make educated
decisions and pick the best suited solution for their individual
antenna design and simulation needs by examining the
information offered in Tables 4 and 5.

Table 4. Comparative description of magnetic current
distribution-based analysis methods

.. . Multiport
s Transmission Cavity
Application . network
line model model
model
Patch shape | Rectangular Regular Sep arabl.e
shapes geometries
Substrate | py;, Thick Thin
thickness
Antenna Linearly Circularly Circularly
polarization | polarized polarized polarized
Patch layers | Single layer Multilayer Single layer
Probe feed, Probe feed,
Feeding Probe feed, edge feed, edge feed,
techniques edge feed aperture proximity
coupler coupling
Antenna Yes No Yes
array
Surface Yes Yes Yes
wave effect
Mutual
coupling Explicitly Implicitly Explicitly
between included include included
edges

Table 5. Comparative description of electric current
distribution-based analysis methods

N Method of Finite Finite difference
Application element . s
moments time domain
method
Rectangular, .
Patch shape | triangular, Arbitrary Arbitrary shapes
. shapes
quadrilateral
IE3D
’ OPTIWAVE,
II‘I"’I based ggﬁrﬁ\g?m’ HFSS, FEKO | XFdtd,
AWR QUICKWAVE
. Single & Single &
Patch layers | Multilayer Multilayer Multilayer
Solving Integral Differential Difference
equation equation equation equation
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Domain Frequency Frequency Time
Solving One for all One for all Does not require
matrices ports ports matrix
Antenna
Planar 3-D structure | 3-D structure

structure

5. Electromagnetic simulation tools

Electromagnetic modelling techniques are critical in antenna
design because they provide useful insights into antenna
parameters such as return loss, current distribution, radiation
pattern, group delay, and antenna efficiency. These
simulation tools are computer software programs that are
based on several antenna analysis approaches. It is critical to
validate the theoretical hypothesis and antenna behavior
before building a prototype of a proposed antenna, since this
strategy is both cost-effective and time saving.

Fortunately, a large selection of commercial
electromagnetic modelling tools is now accessible, making
the verification process easier. Engineers can continue with
confidence to manufacture the prototype of the suggested
antenna design after comparing the simulation results to the
theoretical hypothesis. One of the primary benefits of
electromagnetic simulations is that they enable simple access
to electromagnetic fields and current distributions, allowing
for a thorough knowledge of antenna performance. There is
several commercially accessible electromagnetic modelling
software, each with its own set of methods for analysis.
SONNET, IE3D, AWR, and ENSEMBLE are a few examples
of program that use the method of moments (MoM)
algorithm.

The finite difference time domain analysis (FDTD) is
used by QUICKWAVE, FEKO, and XFdtd, while the finite
element method (FEM) and finite integral technique (FIT) are
used by CST and HFSS, respectively. Antenna engineers may
use these powerful simulation tools to effectively optimize
designs, explore alternate configurations, and achieve greater
antenna performance across a wide range of applications,
including wireless communication, satellite systems, radar
technology, and more.

HEFSS is a versatile electromagnetic simulation tool based
on the finite element approach that is used to analyse the
electrical behaviour of high-frequency and high-speed
components. It includes antenna design, sophisticated
RF/microwave circuit design, high-frequency IC packaging,
and biomedical devices among its applications. HFSS was
created by Professor Zoltan Cendes and his students at
Carnegie Mellon University and was later bought by Ansoft
products, which was then acquired by ANSYS.

When HFSS is compared against IE3D, a method-of-
moments-based program, it is found that IE3D conducts
simulations faster and with less time required per iteration,
although HFSS excels at analyzing more broad antenna
shapes. Furthermore, Ansoft HFSS offers a clean and
adaptable mesh refinement, whereas CST enables better
management of difficult electromagnetic interaction between
different components. Given the current trend towards tiny
and compact antenna designs, programs based on the finite
element method (FEM) and finite integral technique (FIT) are
thought more appropriate than other simulation tools. These
research-based conclusions [36] emphasize the capabilities
and applicability of HFSS and other electromagnetic
modelling tools, aiding antenna engineers in selecting the best
tool for their individual design needs.
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6. Feeding techniques

To transfer microwave power to the radiating patch,
microstrip antennas can be effectively stimulated using either
direct or indirect feeding approaches. With the growing
demand for and uses of microstrip antennas, researchers have
investigated a variety of feeding systems, each with its own
set of advantages and disadvantages. Coaxial feed, microstrip
line feed, proximity coupled microstrip feed, aperture-
coupled microstrip feed, and coplanar waveguide feed are
some of these approaches. The feeding strategy used is a vital
aspect that has a considerable impact on the antenna's
performance. The selected feed must enable perfect matching
between the feed and the radiating structure, allowing the
antenna's characteristics to be optimized. Furthermore, when
employed in array architectures, the feed should be carefully
adjusted to minimize side lobes and cross-polarization. To
attain maximum antenna efficiency, issues such as low
spurious radiation and surface wave loss must also be
considered. Antenna engineers may improve the performance
of microstrip antennas and meet particular design criteria for
a variety of applications, including wireless communication,
satellite systems, radar technology, and more, by carefully
selecting the proper feeding strategy.

6.1. Coaxial or probe feed

Power coupling through a probe is a crucial technique for
power transmission in antenna designs. The coaxial probe
feed has a special shape, as shown in Fig. 8, in which the
coaxial probe is attached to the ground side of the prototype
and its inner conductor provides a direct connection to the
metallic patch via a dielectric substrate. The outside curved
surface of the probe is insulated by a non-conducting layer to
prevent spurious radiation. The flexibility of the coaxial probe
allows it to be positioned at any spot on the patch, resulting in
perfect input impedance matching. Furthermore, because of
its simple design and accessible availability, the coaxial probe
is a common choice in antenna engineering. The coupling
constant of the probe feed is an essential parameter to
examine since it has a major influence on overall antenna
performance, impacting aspects such as gain, radiation
pattern, and efficiency. Antenna engineers may improve the
performance of microstrip antennas and other antenna designs
for wireless communication, radar systems, and satellite
technologies by successfully exploiting the coaxial probe
feed.

Coupling constant =~ cos (HTXO) 2)
where L and x, represent resonating length and feed location
along the x-axis on the patch, respectively. The above
equation shows that maximum coupling is possible at (x, =
Oorl).

The coaxial feed has many significant drawbacks [25, 28]:
For starters, using a probe feed causes the antenna's flat
construction to become unbalanced since one part of the
connection is energized from the ground. Second, the coaxial
feed is unsuitable for antenna arrays because it needs a
significant number of solder connections, which might
change the impedance of the circuit, add stray capacitance,
and negatively influence the overall antenna properties.
Furthermore, when working with thicker substrates, longer
probes are required, which causes challenges like spurious
radiation, surface wave power, and higher total feed
inductance, further complicating the antenna's design and
performance.
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Fig. 8. Geometry of co-axial feed

6.2. Microstrip line feed

Because the feed may be etched on the same substrate as the
patch, both the patch and the feed can be manufactured
concurrently using the microstrip line feeding approach. This
method allows for two methods of stimulating the patch. The
first method is direct edge coupling, in which the feed is
linked directly to the radiating patch. The second approach,
on the other hand, is edge coupling with a gap, also known as
indirect edge coupling, in which the feed and the radiating
patch are separated by an electrically connected gap [27].
Figure 9 depicts the geometrical configurations of edge-
coupled and edge-gap-coupled antennas.

Microstrip  line feed Microstrip  line feed
Coupling gap

Direct coupling feed
Fig. 9. Geometry of microstrip line feed

Gap coupling feed

While the edge-coupled feed has advantages, it has
drawbacks such as increasing cross-polarization levels owing
to spurious radiation from the feed line, which is especially
noticeable in tiny antennas where the feed line size becomes
equivalent to the patch size. Due to the high impedance at the
patch's edge, thick substrate antennas may also exhibit poor
performance. Furthermore, microstrip line feeding is not
appropriate for antenna arrays, because gap-coupled feed
lines have limited power handling capabilities.

The inset feed lines can be utilized to overcome these
limits, and the feed location should be carefully chosen to
produce an overall input impedance of 50. Cross-polarization
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effects can be reduced by optimizing the patch's aspect ratio
(width to length ratio of 1.5). It's worth noting that coaxial
probe feed and microstrip line feed, also known as coplanar
feed, are best suited for situations where performance
requirements aren't too stringent, and the feed must be
coplanar with the patch [28].

6.3. Electromagnetic coupling (proximity feed)

The proximity feed is a non-coplanar feed technique in which
the feed is not linked to the radiating patch directly. The
proximity feed is shown in Fig. 10 on the top surface of the
lower layer substrate-2, which has a ground plane on its
bottom side. The radiating patch, on the other hand, is located
on the top of the upper substrate-1, where there is no ground
plane at its bottom surface. Capacitive coupling exists
between the feed line and the patch [28]. The coupling
capacitor is chosen within a certain range to provide perfect
impedance matching and maximize the predicted bandwidth.
Increasing the antenna's impedance bandwidth is possible by
employing a thinner lower layer substrate and a thicker upper
layer substrate.

The overlapping region of the feed line and the patch
influences the behaviour of input impedance and resonance
frequency. Positioning the edge of the feed line closer to the
centre of the patch is advised for minimum variations in the
specified resonance frequency [37]. It might be difficult to get
exact alignment between the patch and the feed while
fabricating this feed line. However, because no soldering is
required, it is a viable solution for some antenna designs.
Despite the limitations of manufacturing, the proximity feed
provides advantages in terms of enhanced impedance
matching and greater bandwidth, making it a desirable
approach in antenna engineering.

Patch

J

Feed line Ground

plane

AN

Fig. 10. Geometry of proximity feed

Feed point

6.4. Aperture-coupled microstrip feed

Another non-coplanar feeding technology that employs two
substrate layers is the aperture connected feed line. The feed
line is etched on the lower substrate-2's bottom surface, while
the radiating patch is etched on the higher substrate-1's top
surface. The conducting ground plane is sandwiched between
these two layers, and the feed line links microwave power to
the radiating patch through an aperture slot produced on the
ground plane [cf. Fig. 11]. To increase the antenna's
bandwidth, the aperture slot can be of various forms and sizes.
The aperture coupled feed coupling constant is critical in
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determining antenna parameters and may be computed as
follows:

3)

i ~ sin (&
Coupling constant ~ sm( - ),
(x, is the offset of the slot from the patch edge)

Aperture linked feed is a flexible and efficient microstrip
antenna feeding method that ensures higher performance and
greater bandwidth. Because it is non-coplanar, it enables
small and space-saving designs while preserving excellent
impedance matching and radiation properties. Furthermore,
the versatility in slot form and size allows for extra tuning
possibilities for specialised antenna applications. To achieve
optimum coupling and resonance, however, exact alignment
and manufacturing precision are essential. Overall, the
aperture coupled feed approach is useful in current antenna
engineering, supporting a wide range of wireless
communication, satellite, and radar applications.

Patch

J

Ground plane
with aperture

Substrate 1

L7

Feed line

Sl;bstrétgz

Fig. 11. Geometry of aperture-coupled feed

Feed point

Several research [25, 28, 38-39] recommend the following
factors to improve the performance of the aperture linked
antenna:

The dielectric constant of the feed substrate should preferably
be between 2 and 5. The feed substrate thickness should be in
the range 0f 0.01 to 0.02, where denotes the wavelength of the

Table 6. Comparative description of feeding techniques

operating frequency. The aperture slot's aspect ratio is
commonly set at 1/10. A narrower feed line is preferable for
better coupling. To guarantee optimal power connection, the
feed line should be positioned at 90° to the center of the slot.
To maximize power coupling, the patch should be centered
over the slot and well aligned. These factors are crucial in
fine-tuning the aperture coupled antenna, allowing for greater
impedance matching, increased bandwidth, and superior
radiation characteristics, making it an excellent choice for a
variety of wireless communication, satellite, and radar
applications.

6.5. Co-planar waveguide feed (CPW)

CPW feeds are a cost-effective way to make tiny antennas
compatible with MMICs (Monolithic Microwave Integrated
Circuits). The patch and ground in an antenna with CPW feed
are in the same plane, as shown in Fig. 12. The CPW is etched
into the ground plane and connects to the patch through a
coupling slot. In CPW-fed antennas, several forms of
coupling slots are used to reduce the front-to-back ratio, with
a slot loop being described as an effective excitation source
[40]. The use of CPW feed in the construction of UWB (Ultra-
Wide Band) small microstrip patch antennas with continuous
group delay and excellent matching across the full bandwidth
is significant [41]. The connection between the CPW feed and
the patch might be inductive or capacitive. The benefit of
CPW feed is that it eliminates spurious radiation from the
feed, making it suitable with compact devices [28]. Table 6
presents an overview of several feeding approaches to assist
readers in picking an appropriate meal based on their unique
needs.

Radiatig patch

line

Fig. 12. Geometry of Co-planar waveguide feed (CPW)

Spurious .

Feeding types Geometry feed Polarization Imped.a nee 7 Bandwidth/ Fabrication
. . matching [reference]

radiation
Coaxial feed Non-coplanar More Poor Easy 25.09/ [42] Little difficult
Edge coupled feed Coplanar Less Good Poor 9-12 Easy
Gap coupled feed Coplanar More Poor Easy 2-5 Easy
Inset feed Coplanar More Poor Easy 68.69/ [43] Easy
Proximity feed Planar More Poor Easy 45/ [44] Difficult
Aperture feed Planar More Excellent Easy 17.9/ [45] Difficult
CPW feed Planar Less Good Easy 18.3/[41] Difficult

7. Design mechanism of microstrip patch antenna

Design mechanism in terms of substrate material selection,
radiating patch geometry and dimensions, feeding method
selection and ground plane structure of the microstrip patch
antenna is carried out in this section.
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The choice of dielectric substrate in the design of
microstrip patch antennas is crucial in defining the properties
and performance of the antenna. The dielectric constant,
substrate thickness, loss tangent, temperature stability, cost-
effectiveness, and manufacturability are some of the factors
that influence this decision process. The size and bandwidth
of the antenna are directly influenced by the dielectric
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constant; smaller antennas are usually the result of higher
values. The thickness of the substrate affects the radiation
pattern and bandwidth of the antenna, frequently necessitating
a trade-off between electrical performance and mechanical
resilience. To promote effective transmission and reduce
signal attenuation, low loss tangent materials are the
preferable choice. Moreover, thermal stability is necessary for
dependable performance in a range of environmental
circumstances. The dielectric substrate that is selected has to
meet these standards and work with the particular limitations
and specifications of the antenna. Substrates including
Teflon, Rogers, Duroid, flexible substrate, substrate
integrated waveguide and FR-4 are frequently used. When
designing antennas, FR4 epoxy is frequently chosen over
substrates like Teflon, Rogers, Duroid because it is more
affordable, readily available, and simple to manufacture.
Teflon, Rogers, and Duroid are much more expensive and
could need specific production techniques, even if they have
better electrical qualities including reduced dielectric loss and
increased temperature stability. A cost-effective and
performance-balancing material, FR4 epoxy is a sensible
option for a variety of antenna applications [46].

In order to create the reference radiating patch shape,
antenna theory principles must be applied and important
parameters like substrate height (H), resonant frequency (f;.),
and dielectric substrate permittivity (&) must be specified.
According to antenna theory, it is recommended to calculate
the dimensions of a rectangular conducting strip (L, X W) on
the radiating plane (cf. Fig. 5), as reported in [47].

c 2

W= = [ @
_1
41| e—1 12H
Eorf =5 +ST(1+W)2 ®)
(dual length (ALo) = 0.412H x (L H0GE 0260 - (o
residual length (AL,) = 0. (aeff—o.zss)(%+0.s) ©)
c
Lo = 5= = 2L, %)
substrate length (Ls) = 6H + L, ®)
substrate width (W) = 6H + W, )
. 0.06064
substrate height (H) = T" (10)
feed length (L;) = 43‘;_ (11)

In designing of monopole antenna , a transmission line
model approach is used to calculate the resultant length.
Trnasmission line theory is utilized with surface current
distributions at design frequency modes. The -effective
monopole antenna length is approximated by quarter
wavelength A4,/4 and given as reported in [48].

_ c

L=
“rferr

(12)

After that, a variety of methods can be used to optimize
and modify the antenna geometry. These consist of neural
networks [49], Simulated Annealing (SA) [50], genetic
algorithms [51], impedance transformation techniques [52],
machine learning algorithms [53], and Particle Swarm
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Optimization (PSO) [54]. These techniques are frequently
used to expedite the design process and effectively investigate
the vast design space. Moreover, the techniques such as thick
substrate, stacking substrate, parasitic elements, shorting pin,
shorting wall, introduction of slots and notches, antenna array
and metamaterials and metasurfaces reported in [10] are used
to enhance the antenna performance.

To achieve the best possible antenna performance, a
number of important elements must be carefully considered
throughout the design process of the ground plane
construction for patch antennas. The radiation properties,
impedance matching, and overall efficiency of the patch
antenna are all significantly influenced by the ground plane.
First, the intended operating frequency and radiation pattern
specifications are used to define the ground plane's size and
form. Usually, the ground plane should be bigger than the
patch element in order to reduce edge diffraction effects and
give the antenna enough grounding. The thickness and
material characteristics of the ground plane also have a big
impact on the radiation efficiency and bandwidth of the
antenna. The structures such as defected ground structure
(DGS) [55], split ring resonator (SRR) [56], electromagnetic
band gap (EBG) structure [57], meandered ground plane [58],
metamaterial-inspired ground plane [59], frequency selective
surface (FSS) ground plane [60] and photonic crystal ground
plane [61] are used to improve the radiation performance of
the antenna.

One important factor that greatly affects a microstrip
patch antenna's performance is the feeding choice. In order to
achieve desired requirements such impedance matching,
radiation pattern control, and bandwidth optimization, it is
imperative to select the feeding approach that will assure
efficient power transfer and radiation characteristics.
Microstrip line feed, aperture coupling, proximity coupling,
Co-planar waveguide (CPW) and probe feed are examples of
common feeding techniques and that have clearly shown in
Figs. 8-12 of section 6 and discussed accordingly. Different
approaches have different benefits and drawbacks concerning
bandwidth, size, impedance matching, and implementation
simplicity. The best performance of the microstrip patch
antenna in a variety of communication systems and wireless
applications is ensured by selecting the feeding mechanism
based on the particular requirements of the application, such
as the frequency of operation, polarization, and desired
radiation pattern.

It is clear from the feeding technique comparison table 6
for microstrip patch antennas that every technique has a
different set of advantages and disadvantages. Despite not
being planar, coaxial feed has a somewhat good bandwidth
but has poor impedance matching and spurious feed radiation.
The three coplanar techniques-edge coupled feed, gap
coupled feed, and inset feed-show different levels of spurious
feed radiation and impedance matching; edge coupled feed
has the best impedance matching. With its excellent
impedance matching, moderate bandwidth, and relatively low
spurious feed radiation, aperture feed stands out as a
particularly good option. Even while the fabrication is more
involved than with certain other methods, the overall
performance benefits make the effort worthwhile. Aperture
feed stands out as a viable option for maximum performance
in microstrip patch antenna applications, especially where
strict impedance matching, and moderate bandwidth are
sought. As such, the feeding technique selection should be
based on individual needs. The design procedure described in
[62—63] can be used to create the feed when a suitable feeding
methodology has been chosen.
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8. Design methodology of microstrip patch antenna

The development of a microstrip antenna design technique is
a methodical approach with the goal of attaining optimal
performance and integration for practical applications. A
complete design flow of an antenna methodology is presented
in Fig. 13. The initiating phase is where the project is outlined
and conceptualized. A thorough assessment of the literature
and a technological survey are then conducted to acquire
information on current microstrip antenna designs and
industry developments. The following stage is to fix antenna
specifications first, such as substrate type, dielectric constant,
substrate height, and operating frequency. The core
parameters for later design stages are established by these
requirements.

The process of defining the antenna's shape involves
synthesizing physical dimensions according to equations (4)-
(12) once the antenna parameters have been set. Then, to
improve performance and fine-tune antenna characteristics,
optimization techniques are applied. Engineers may see and
examine the antenna's behavior in many scenarios thanks to
the design and simulation of the antenna performed with
HFSS software. When there are differences between the
predicted and simulated outputs, the design is iteratively
improved until alignment is attained. The suggested
prototype's functioning is confirmed by theoretical analysis
utilizing circuit theory models after a successful simulation.

, L]
| Analyze the simulated results |
Literature review & technology |

survey
2

Fixing of antenna specifications:

N

© | Simulated results = expected |

results

W Yes
Theoretical analysis of the
proposed prototype using circuit
theory model

v

Substrate type
Dielectric constant
Substrate height
Operating frequency

v Fabrication and testing using
- — - PCB machine, VNA and anechoic
Synthesis of physical dimensions | chamber, respectively
of antenna
v
Validation of simulated, theoretical

Optimization of antenna parameters |
using optimization techniques

v |

Design & simulation of antenna
using HFSS software

devices for regular uses

3

Fig. 13. Complete flow chart of antenna design methodology.

and measured results

Development of measurement
setup for real world applications

Integration of proposed prototype in

The next stages include testing and fabrication with
specialist tools like anechoic chambers, PCB machines, and
Vector Network Analyzers (VNAs). This guarantees
correctness and dependability by enabling thorough
validation of measured, theoretical, and simulated outcomes.
To evaluate the antenna's performance in real-life scenarios,
it is also essential to create a measurement setup that is suited
for the real world. The integration of the proposed prototype
into everyday devices signifies the completion of the design
technique and highlights the device's preparedness for
implementation in several applications.

9. Recent antenna technology trends and innovations

9.1. Cellular Communications
5G cellular communications systems have been developed
using modern planar antenna technology, allowing for greater
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data speeds and enhanced coverage. To improve antenna
performance and network efficiency, algorithms like as
beamforming and MIMO approaches have been employed.
To facilitate high-speed data transfer in 5G networks,
researchers built planar antenna arrays that can handle
numerous frequency bands, including sub-6 GHz and
millimetre wave (mm Wave) bands [64]. One of the most
difficult difficulties in building microstrip patch antennas for
5G applications is keeping a high gain while preserving a
wide bandwidth. Several strategies, including the use of
metamaterials, fractal geometry, and artificial magnetic
conductors (AMCs), have been proposed to achieve this aim.

The National University of Singapore suggested a
microstrip patch antenna design in 2017 that used a
metamaterial structure known as a split-ring resonator (SRR)
to reach a bandwidth of 2.5 GHz for the 5G cellular range
(3.4-3.6 GHz) [65]. Figure 14 is a fabricated image of the
four-port antenna described in [65]. In 2018, researchers from
China's University of Electronic Science and Technology
presented a microstrip patch antenna design based on a fractal
geometry known as a Sierpinski fractal to attain a bandwidth
of 2.5 GHz for the 5G cellular spectrum (3.4-3.6 GHz) [66].
AMCs have been proposed as a strategy for enhancing the
bandwidth and gain of microstrip patch antennas for 5G
applications, in addition to metamaterials and fractal
geometry. A microstrip patch antenna design employing an
AMC structure was presented in a 2019 study by researchers
at the University of Victoria to reach a bandwidth of 3.5 GHz
for the 5G cellular spectrum (3.4-3.6 GHz) [67]. To
summarise, microstrip patch antennas are an essential
component in 5G cellular communications applications, and
recent research has focused on techniques such as
metamaterials, fractal geometry, and artificial magnetic
conductors (AMCs) to improve the bandwidth and gain of
these antennas for 5G applications.

=

, top view g bottom view
Fig. 14. Photograph of antenna prototype for 5G cellular phone [65].

9.2. Cellular communications

Microstrip patch antennas are widely utilised in cellular
communications and other wireless communication systems.
With the advent of 6G cellular communications, there has
been a surge in demand for high-performance microstrip
patch antennas with improved bandwidth and gain. This
article will go through the most current advances and
approaches in microstrip patch antenna design for 6G cellular
communications applications. One of the most difficult
aspects of building microstrip patch antennas for 6G wireless
communications is achieving a wide bandwidth while
keeping good gain. Researchers have suggested a variety of
ways to overcome this difficulty, including the use of
metamaterials, fractal forms, and artificial neural networks
(ANNS). In research [68], a stacked microstrip patch antenna
on flexible material with a broad bandwidth of 90-128.5 GHz
and a gain of 7.95 dBi is presented. The material’s ability to
adapt to irregularly shaped surfaces, such as those seen in
flexible electronics and wearable gadgets, is a significant
benefit. Because of this, they are suitable for use in mobile
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and portable electronics where a standard rigid antenna would
be problematic. The usage of fractal forms is another method
for increasing the bandwidth of microstrip patch antennas.
However, in [69], a fractal shaped microstrip patch antenna
with resonating bands of 170 to 260 GHz (WR-4) and 110 to
170 GHz (WR-6) and a gain of 3.13 dBi is presented. The
fractal form was proven to increase the antenna’s bandwidth
by lowering the patch’s resonance frequency. ANNs have
been utilised to optimise the design of microstrip patch
antennas for 6G cellular communications, in addition to
metamaterials and fractal designs.
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Fig. 15. Photograph of antenna prototype for 6G cellular phone [70].

The authors of a paper [70] presented a photonic
controlled metasurface smart beam steering antenna for 6G
applications. The suggested metasurface improves antenna
patterns, and the greatest beam deflection achievable using
the proposed mechanism is 48 degrees from -24 to + 24
degrees in the elevation plane. Figure 15 is an image of a
constructed antenna for 6G usage. Finally, because of their
small size and simplicity of manufacture, microstrip patch
antennas have been widely employed in 6G cellular
communications applications. Metamaterials, fractal forms,
and ANNs have recently been employed to improve the
bandwidth and gain of microstrip patch antennas for 6G
wireless communications. ANNs have been utilised to
optimise the design of microstrip patch antennas for 6G
cellular communications, in addition to metamaterials and
fractal designs. To increase the performance of microstrip
patch antennas for 6G cellular communications, more
research is required.

9.3. Internet of things (IoT)

Planar antenna technology is widely used in Internet of
Things (IoT) applications such as smart home systems,
industrial automation, and healthcare monitoring. Machine
learning and artificial intelligence algorithms have been used
to optimise antenna performance and increase communication
dependability.  Researchers  [71]  proposed  using
metamaterial-based planar antennas to miniaturise and
increase the performance of IoT devices. A microstrip patch
antenna was employed in a recent study [72] for a wireless
sensor network in an agricultural context. Another research
[73] created a microstrip patch antenna with a 2.4-2.5GHz
broad frequency range for application in a wireless body area
network. With a gain of 6.2 dBi, the antenna was adequate for
long-distance communication in a busy setting. There are
several approaches for optimising the performance of
microstrip patch antennas for IoT applications. One such
strategy is the use of metamaterials, which may be utilised to
improve the antenna’sgain and bandwidth [74]. Another
method is to utilise a folded meandered MIMO antenna that
covers both the LTE and RFID bands [73]. Figure 16 is a
fabricated image of the antenna reported in [73] for IoT
applications.
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Fig. 16. Photograph of antenna prototype for IOT applications [73].

9.4. Automotive Radar Systems

Planar antenna technology has been used to create
sophisticated radar systems for self-driving cars. Target
tracking and object identification algorithms have been added
to improve radar performance and promote vehicle and
pedestrian safety. Planar antenna arrays have been proposed
by researchers to accomplish high resolution and long-range
object detection [75]. One of the primary benefits of
microstrip patch antennas is their ability to operate at
millimetre wave frequencies, which are often utilised in
vehicle radar systems. This is owing to the antenna’s tiny size,
which allows it to operate at high frequencies without
considerable performance loss. Furthermore, microstrip patch
antennas have a high bandwidth, allowing them to function
across a wide variety of frequencies. Recent research has also
shown that microstrip patch antennas have the potential to be
used in multiple-input multiple-output (MIMO) radar
systems. Multiple antennas are utilised in these systems to
send and receive radar signals, resulting in greater
performance and resolution.

Researchers have demonstrated that microstrip patch
antennas may be employed in MIMO systems to provide great
performance while requiring little complexity [76]. Another
area of study has been the use of microstrip patch antennas in
car radar systems for adaptive beamforming. Beamforming is
a technique for directing the radar beam in a certain direction,
which allows for better resolution and target recognition. The
CSRR structure has recently been utilised to create a MIMO
antenna for automobile radar applications. The CSRR array
arrangement yielded maximum gain and isolation of 11.8 and
44.26 dB respectively [77]. Figure 17 is a fabricated image of
the alleged antenna [77].

Fig. 17. Photograph of antenna prototype for automotive radar
applications [77].

9.5. Satellite communications

Planar antenna technology Planar antenna technology has
been used in the construction of satellite communications
systems, resulting in better coverage and data rates. To
improve antenna performance and network efficiency,
algorithms like as beamforming and MIMO approaches have
been employed. Planar antenna arrays have been presented by
researchers as a means of achieving high-gain and low-profile
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antenna systems for satellite communications. One of the
primary benefits of microstrip patch antennas is their high
gain and directivity. This is owing to their capacity to work in
a resonant state, which allows for efficient energy
transmission between the patch and its surroundings. Recent
research has concentrated on enhancing the performance of
microstrip patch antennas used in satellite communications.
Metamaterials, which are purposefully designed materials
that can control electromagnetic waves in novel ways, are one
method. According to [78], adding a metamaterial structure
onto a microstrip patch antenna can greatly increase its gain
and directivity.

Another method is to create microstrip patch antennas
with precise performance characteristics using sophisticated
optimisation algorithms. In [79], a particle swarm
optimisation approach has been employed, for example, to
build a microstrip patch antenna with high gain and low cross-
polarization. Researchers have also investigated the use of
microstrip patch antennas in arrays to attain even better gain
and directivity. In this, a tiny (128mm?2) patch antenna design
with increased performance is presented for satellite
applications using a multilayered construction. Antenna [80]
has a maximum gain of 8.4 dB and a group delay of 0.8 ns,
making it appropriate for satellite applications. The antenna’s
small size allows it to be integrated into smart gadgets. Figure
18 shows the front aspect of the antenna [80], which has been
constructed and is published here with permission to reprint.

Fig. 18. Photograph of antenna prototype for satellite applications [80].

9.6. Wireless power transfer

Planar Planar antenna technology has been used in the
creation of wireless power transfer (WPT) systems, enabling
effective energy transmission without the need for physical
connections. To optimise antenna performance and boost
energy transfer efficiency, algorithms such as resonance
matching and beamforming have been applied. Planar
antennas have been proposed by researchers to provide high
efficiency and long-range power transmission [81]. One
significant benefit of utilising microstrip patch antennas for
WPT is their excellent efficiency, which allows for large
power densities at the receiver. This is especially critical in
WPT applications when the receiver is far from the
transmitter, as high efficiency guarantees that the greatest
amount of power is delivered. The study [81] demonstrated
an astounding advance with a two-port MIMO antenna,
achieving an excellent 54.98% power conversion efficiency
at a significant 20 dB input power level. This remarkable
efficiency makes it a great candidate for use in sensors and
tiny power-operated devices, demonstrating its potential to
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revolutionise a wide range of field applications. Figure 19 is
a faked image of the antenna [81].

Recent research has concentrated on the development of
novel algorithms and approaches for optimising the
performance of microstrip patch antennas for WPT. The
genetic algorithm (GA) is one such technique that has been
used to optimise the design of microstrip patch antennas for
WPT by varying factors like as patch size, shape, and
substrate thickness [82]. The use of metamaterials has also
been proven to increase the performance of microstrip patch
antennas for WPT. Metamaterials are materials that have been
intentionally designed to exhibit unique electromagnetic
characteristics and have been utilised to improve the
bandwidth and directivity of microstrip patch antennas [83].
Overall, because of their high efficiency and simplicity of
manufacturing, microstrip patch antennas are an appealing
alternative for WPT. New algorithms and approaches, such as
GA and metamaterials, offer the potential to increase these
antennas’ performance in WPT applications.

Fig. 19 Photograph of antenna prototype for energy harvesting
applications [81] (a) Front view (b) Back view.

9.7. Medical imaging

Planar Planar antenna technology has been used in the
construction of modern medical imaging systems, resulting in
higher picture quality and diagnostic accuracy. Image
processing and machine learning algorithms have been used
to optimise antenna performance and increase diagnostic
capabilities. Planar antenna arrays have been proposed by
researchers to obtain high sensitivity and resolution in
magnetic resonance imaging (MRI) and other medical
imaging modalities [84]. These antennas have been used in a
variety of medical imaging modalities, including MRI,
computed tomography (CT), and ultrasound imaging.
Authors in [85] presented a tiny microstrip patch antenna for
MRI applications in recent research. The antenna was
designed to function at 14T MRI, a typical frequency in MRI
equipment. The proposed antenna had a compact size of
19x30 mm? making it suitable for integration into MRI
systems.

The work [86] presented a microstrip patch antenna for
CT imaging applications in another paper. The antenna was
built to work at an 80 MHz frequency, which is typical in CT
systems. The suggested antenna was 30mm by 30mm in
dimension and had an 8 dBi gain, making it appropriate for
inclusion into CT systems. In addition to the construction of
microstrip patch antennas for certain imaging modalities,
numerous methods and approaches for optimising these
antennas have been developed. The particle swarm
optimisation (PSO) method is one such technique that has
been utilised to optimise the design and performance of
microstrip patch antennas for medical imaging applications
[87]. A unique antenna [88] using 3D printed polylactic acid
(PLA), 3M EMI shielding tape, and RS Pro silver paint has
been published in the literature. This one-of-a-kind design
was tested on humans and attempts to improve the
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performance of microstrip patch antennas for ISM band
applications. Figure 20 shows an image of the completed ISM
band antenna [88].

2 cm

Copper
tape

BOTTOM

SMA connector

3 cm

Fig. 20. Photograph of antenna prototype for medical imaging
applications [88].

9.8. RFID systems

Planar Planar antenna technology is commonly used in radio-
frequency identification (RFID) systems, allowing for
enhanced communication reliability and data throughput.
Signal processing and error correction algorithms have been
devised to increase antenna performance and system
efficiency [89]. Antenna [90] shows that using a modified
particle swarm optimisation (PSO) technique, microstrip
patch antennas may be optimised for enhanced performance
in RFID systems. The optimised antenna had a gain of 5.5 dBi
and a return loss of -15 dB, which is a substantial
improvement above typical microstrip patch antennas,
according to the research. Another recent work [91] looked at
how a genetic algorithm (GA) may be used to optimise the
design of microstrip patch antennas for RFID systems. The
optimised antenna had a gain of 4.2 dBi and a return loss of -
10 dB, which is an improvement over the previous design,
according to the research. These investigations show that
optimization methods have the potential to increase the
performance of microstrip patch antennas in RFID systems.
Metamaterials [92] and C-shape antenna designs [93] are two
more strategies that have been utilised to increase the
performance of microstrip patch antennas for RFID systems.
Figure 21 is a front view produced image of a C-shape
antenna [93].

Fig. 21. Photograph of antenna prototype for RFID tag applications
[93].

9.9. GPS systems

Planar Planar antenna technology has been used to produce
better global positioning systems(GPS), allowing for greater
accuracy and coverage. Signal processing and error correction
algorithms have been introduced to increase antenna
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performance and system dependability [94]. According to
recent research, microstrip patch antennas can provide
excellent gain and wide bandwidth for GPS systems. Authors
[95] shown in 2017 that a microstrip patch antenna with a
fractal-shaped patch may give up to 5 dBi of gain and a
bandwidth of more than 15% for GPS L1 (1575.42 MHz).
Chen et al. [96] shown in 2018 that utilising a metamaterial-
inspired design may enhance the gain and directivity of a
microstrip patch antenna for GPS L1 band by up to 3 dBi and
5 degrees, respectively. In addition to these researches,
numerous strategies and algorithms for optimising the
performance of microstrip patch antennas for GPS systems
have been developed. The use of genetic algorithms (GA) to
optimise the shape and material characteristics of antennas is
one such technology [97, 98]. The particle swarm

optimisation (PSO) approach is utilised to optimise the
antenna’s size and feeding places [99]. These strategies can
aid in the enhancement of the gain, directivity, and bandwidth
of microstrip patch antennas used in GPS systems. Another
folded annular slot and stacked antenna approach is employed
to increase GPS antenna performance [100]. Figure 22 depicts
the antenna’s constructed side view picture [100].

Fig. 22. Photograph of antenna prototype for GPS applications

[100].

9.10. Biomedical applications

Planar antenna technology has been used in the construction
of modern biomedical devices, allowing for more accurate
monitoring and diagnostics. Image processing and machine
learning algorithms have been used to optimise antenna
performance and increase diagnostic capabilities [101].
Wireless body area networks (WBANs), wireless capsule
endoscopy, and wireless medical telemetry systems have all
utilised these antennas. A microstrip patch antenna for
wireless capsule endoscopy was created in a recent work
[102]. The antenna was meant to operate in the 2.45 GHz ISM
band and was just Smmx>5mm in size. The antenna exhibited
a high gain of -23 dBi and a steady radiation pattern, making
it acceptable for wireless capsule endoscopy applications,
according to the study.

Another research [103] suggested using a microstrip patch
antenna in wireless medical telemetry systems. The antenna
was meant to operate in the 404 MHz MICS (Medical Implant
Communication Service) band and was just 14x14 mm? in
size. According to the research, the antenna has a high gain of
6.5 dBi and a steady radiation pattern, making it appropriate
for wireless medical applications. To build and optimise
microstrip patch antennas for biomedical applications, several
methods and methodologies have been employed. The
particle swarm optimisation (PSO) technique is one famous
approach that has been utilised in research [99] to optimise
the size and form of the antenna. The popular metamaterials
technology was employed in the work [104] to improve the
antenna’s performance. Another circular planer inverted-F
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antenna method for biological applications has been disclosed
in the literature [105].

For ISM applications, this approach yielded a maximum
bandwidth of 41%. Figure 23 depicts a constructed antenna
[105] and measurement setup.

- Superstrate

hﬁﬁﬁﬂ

- o = X
Fig. 23. Photograph of antenna prototype for biomedical applications
[105].

9.11. Wireless sensor networks

Planar antenna Planar antenna technology has been widely
employed in wireless sensor networks (WSNs), allowing for
greater data rates and enhanced communication
dependability. Signal processing and error correction
algorithms have been used to increase antenna performance
and system efficiency. In recent years, they have been widely
researched and enhanced in order to address the rising need
for high-performance wireless communication systems in
WSNs. One of the most difficult aspects of developing
microstrip patch antennas for WSNs is achieving a wide
bandwidth while keeping a high gain and a low profile.
Several strategies, including the usage of metamaterials,
frequency selective surfaces (FSSs), and multi-layer
structures, have been proposed in recent years to overcome
this difficulty. Metamaterials, often known as artificial
materials, are created to have features that natural materials
do not have. They have been used to improve the bandwidth
and gain of microstrip patch antennas by introducing negative
permittivity and permeability, which can increase the
antenna’s effective surface area while decreasing its size. In
[106], for example, a metamaterial-inspired design was
presented to obtain a wide bandwidth and high gain in WSN
microstrip patch antennas.

By incorporating a frequency-dependent reactance, FSSs,
also known as frequency dependent surfaces, have been
employed to produce a broad bandwidth in microstrip patch
antennas. This is accomplished by employing a periodic array
of components, such as slots, which interact with incident
electromagnetic waves to generate the correct frequency
response. In [107], for example, a frequency selective surface
was employed to create a broad bandwidth in a WSN
microstrip patch antenna. By lowering the thickness of the
substrate and the patch, multi-layer architectures for WSNs
[108] have been employed to achieve a low profile in
microstrip patch antennas. This is possible by employing a
multilayer construction, such as a substrate integrated
waveguide (SIW) or a coplanar waveguide (CPW), which can
minimise the thickness of the substrate and patch while
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retaining good gain. In another study [109], an elliptical ring
slot and two crescent-shaped slots are placed on a circular
patch to improve the performance of a WSN antenna. The
antenna produced a 9.3 GHz bandwidth, making it
appropriate for UWB WSN applications. Figure 24 depicts a
manufactured antenna [109] for WSN applications.

Fig. 24. Photograph of antenna prototype for WSN applications [109].

9.12. Space exploration

Planar antennas Planar antennas have been employed in space
exploration to provide long-distance and dependable
communications between spacecraft and ground stations.
Planar antenna arrays have been proposed as a viable solution
for achieving high-gain and low-profile antenna systems for
space exploration [110], according to a study conducted by
experts at India’s National Aerospace Laboratories.
Microstrip patch antennas may be built to operate in the S-
band (2—4 GHz) and X-band (8-12 GHz) frequency ranges,
making them appropriate for use in space communications
and radar applications [111]. A research by [112], for
example, revealed the viability of utilising a microstrip patch
antenna for X-band radar imaging of the lunar surface.
Microstrip patch antennas may be built to offer a broad range
of emission patterns in addition to their frequency band
adaptability. According to study [113], a microstrip patch
antenna with a changed form of the patch and the substrate
may be engineered to have a highly directed radiation pattern,
making it appropriate for use in a range of space exploration
applications such as remote sensing and navigation.
Advanced modelling and optimisation approaches are
required when designing microstrip patch antennas for space
exploration applications.

Fig. 25. Photograph of antenna prototype for space exploration
applications [7].

A genetic algorithm, for example, was employed in
research [114] to optimise the design of a microstrip patch
antenna for use in a CubeSat spacecraft. The researchers were
able to attain a high gain and a minimal return loss using this
method, making the antenna ideal for use in space
communications. A tiny UWB stacked microstrip patch
antenna for Ku/K band applications is presented in research
[7], with 8.5 dBi antenna gain and 88.5% radiation efficiency.
Figure 25 depicts the antenna’s manufactured front and
bottom views [7].
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9.13. Antenna using machine learning (ML)

The investigation The investigation of microstrip patch
antennas utilising artificial intelligence (AI) and machine
learning (ML) techniques is an enthralling subject of study
with enormous promise in the world of wireless
communication. The integration of Al and ML enables the
creation of intelligent algorithms and models capable of
optimising the design and performance of microstrip patch
antennas. Researchers have made substantial progress in this
area in recent years, applying different Al and ML approaches
such as neural networks, evolutionary algorithms, and particle
swarm optimisation to improve the efficiency, bandwidth,
and radiation properties of microstrip patch antennas. These
approaches allow for the automated investigation of design
parameters as well as the discovery of optimal solutions,
resulting in increased antenna performance. Furthermore,
combining Al and ML with other technologies like as
metamaterials and reconfigurable structures improves the
capabilities of microstrip patch antennas. A prominent recent
study in this field of Al and ML is [115], in which the authors
offer a unique technique for optimising the radiation
properties and impedance matching of microstrip patch
antennas using deep neural networks. The findings show that
Al-based approaches may provide higher antenna
performance, opening the path for the development of
sophisticated wireless communication systems. An antenna
design was presented in research [116], and performance was
optimised using ML methods based on ANN, KNN, and
KBNN. Figure 26 is a front and bottom view manufactured
image of the antenna [116].

Fig. 26. Photograph of antenna prototype using ML method [116].

10. Circularly polarized dielectric resonator antenna (CP-
DRA)

The outstanding circular polarization features, high radiation
efficiency, and compact size of circularly polarized dielectric
resonator antennas (CP-DRAs) have made them attractive
candidates for a range of wireless communication systems
[117]. Satellite communication, radar systems, wireless local
area networks (WLANS), and cutting-edge technologies like
5@, 6G and the Internet of Things (IoT) are just a few of the
industries that use these antennas [118-120]. With an
emphasis on their design principles, traits, and applications,
this study investigates the most current developments in CP-
DRAs. A conventional geometry of rectangular dielectric
resonating microstrip patch antenna is portrayed in Fig. 27.
Wherein, central component placed over the patch antenna is
dielectric resonator, which acts as the radiating element and
is usually made of a high-permittivity ceramic material. The
purpose of placing this resonator above the microstrip patch
is to allow it to resonate at the required frequency and match
the resonator’s mode. The geometry of DRA consists of
rectangular, hemispherical, cylindrical, triangular, hexagonal,
conical, stack and modified shapes (pentagonal, half regular
shape, trapezoidal). Modification and optimization in DRA
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shape is used to reduce the effective dielectric constant to
improve the antenna bandwidth [121].

DRA eed ot

b
Feed Patch

Substrate

Grownd plan®

Fig. 27. Geometry of rectangular DRA

CP-DRAs are often made up of a coaxial or microstrip
feed feeding a dielectric resonator that is positioned on a
ground plane. By stimulating two orthogonal modes in the
dielectric resonator, circularly polarized radiation is
produced, which is how circular polarization is accomplished
in CP-DRAs. The Phase difference (Agp) between two
resonant modes must be maintained at 90° to minimize path
difference (AP) and generate circular polarization mode. The
CP-DRA antenna should the phase difference criteria as
reported in [121] and given in equation (1). Antenna
performance is improved by using a variety of techniques,
including feed structure modification, mode excitation,
multilayer DRA and dielectric material selection, to increase
bandwidth, efficiency, gain and axial ratio [122].

2m
—AP (13)

Compared to traditional antennas, CP-DRAs have a
number of benefits. They have steady radiation patterns, a
large impedance bandwidth, and good radiation efficiency
[123]. Additionally, CP-DRAs are appropriate for broadband
and multi-band applications because they can achieve circular
polarization throughout a broad frequency range [124].
Furthermore, when compared to linearly polarized antennas,
CP-DRAs provide better signal reception in non-line-of-sight
(NLOS) settings and are less prone to multipath fading [125].

The goal of recent CP-DRA research has been to improve
the performance and adaptability of the antenna. Artificial
neural networks, genetic algorithms, and metamaterial-based
structures are examples of advanced design techniques that
have been used to optimize antenna settings and attain desired
properties. To enhance impedance matching and lower losses,
new feeding strategies have also been developed, such as
proximity-coupled feeding and substrate integrated
waveguide (SIW) feeding [121, 126-127].
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Fig. 28. Photograph of dielectric resonator antenna for circular
polarization applications [128]

The coaxial probe feeding approach was used in the study
of the CP DRA antenna, a compact asymmetric cross-shaped
dielectric resonator antenna with broadside wideband circular
polarization [128]. A metal strip, positioned at the corner of
the asymmetric cross-shaped DR to reduce excessive
tangential electric field and serve as a mirror for normal field
components, is included in the design along with a coaxial
feed (cf. Fig. 28). Many different types of communication
systems use CP-DRAs. CP-DRAs are used in satellite
communication to achieve circular polarization and reduce
the impacts of signal fading for earth station antennas. CP-
DRAs provide enhanced target tracking and detection in radar
systems. In addition, CP-DRAs are used in wireless sensor
networks and WLANSs to provide dependable connectivity
and fast data transfer. As 5G and IoT technologies advance,
CP-DRAs are anticipated to be essential in allowing
dependable and effective wireless networks.

11. Conclusions

Because of its small size and ease of production, the patch
antenna is a popular form of antenna in wireless
communication systems. The geometry of the patch antenna
is critical in determining its electrical performance, with a
rectangular patch being the most frequent design.
Mechanism, feeding methodologies, analytical methods, and
simulation tools are all significant components in patch
antenna design and optimization. Engineers may precisely
analyze and anticipate the performance of patch antennas
using these tools and methodologies, resulting in the
construction of more efficient and effective wireless
communication systems.

Because of its design flexibility, the microstrip patch
antenna has proven to be a versatile and efficient option for
wireless communication in current electronics. The antenna’s
geometry, which includes the size and shape of the patch as
well as the dielectric substrate, is critical in defining its
radiation mechanism and performance. Furthermore, various
feeding approaches may be utilized to improve the antenna’s
radiation characteristics and impedance matching. The use of
microstrip patch antennas in numerous products such as smart
phones, laptops, and drones has substantially improved
wireless communication capabilities and continues to drive
technological developments. To analyze and design the
antenna, several models have been developed, including the
Transmission line model, Cavity model, Multiport network
model (MNM), Method of moments (MoM), Finite element
method (FEM), Spectral domain technique (SDT), and Finite
difference time domain (FDTD). Each model has benefits and
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disadvantages, and the model chosen is determined by the
unique application and needs. Because it can handle
complicated geometries and deliver reliable results, the
Method of moments (MoM) is regarded as the best model for
current communication systems. The MoM approach is
similarly easy to use and has been frequently employed in the
construction of microstrip patch antennas. It is worth
mentioning, however, that the FDTD approach is a potential
tool for modeling electromagnetic fields in complicated
structures and is widely regarded as the most accurate method
available today [129]. As a result, the model used is
determined by the unique application and system
requirements.

Finally, numerous feeding approaches have been devised
to improve the performance of the microstrip patch antenna.
Coaxial or probe feed, microstrip line feed, electromagnetic
coupling (proximity feed), aperture-coupled microstrip feed,
and coplanar waveguide feed (CPW) are examples of these.
Each of these strategies has its own set of pros and
disadvantages. The aperture-coupled microstrip feed is the
best feeding mechanism for current communication systems.
This method has a high radiation efficiency, a low insertion
loss, and excellent impedance matching. It can also withstand
high power levels and has a small footprint, making it perfect
for incorporation into current communication systems.
Furthermore, novel feeding strategies are being applied to
increase the performance of smart antenna systems. One such
method is to feed the antenna with metamaterials [83]. This
method makes use of the unique features of metamaterials to
improve the antenna’s radiation efficiency and gain. Another
approach is to employ reconfigurable feeding networks,
which allow the antenna to adapt to changing operating
circumstances and surroundings [130]. These novel feeding
approaches hold a lot of potential for the advancement of
sophisticated smart antenna systems. In summary, there are
several feeding approaches for microstrip patch antennas,
with the aperture-coupled microstrip feed being the best
appropriate for current communication systems due to its high
radiation efficiency and superior impedance matching.
Furthermore, novel feeding strategies are being applied to
improve the performance of smart antenna systems, such as
the usage of metamaterials and reconfigurable feeding
networks. Now, researches are moving with fast pace to
develop a massive MIMO patch antenna using Al & ML on
flexible substrate for medical and satellite applications.

The use of circular polarized dielectric resonator
microstrip patch antennas have shown great promise for
several current applications, resulting in important advances
in radar systems, satellite communication, wireless
communication systems, and other fields. These antennas,
which provide benefits such small size, lightweight
construction, and improved performance characteristics, have
been crucial in meeting the changing needs of contemporary
communication technology. Circular polarized dielectric
resonator microstrip patch antennas are expected to maintain
their influential role in determining the direction of wireless
communication infrastructures in the future due to
compatibility in smart devices and continuous research and
development efforts focused at improving their capabilities
and broadening their applicability.

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.
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