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Abstract: Microstrip Patch Antennas (MPAS) play a critical role in modern wireless communication systems due to
their compact size, easy integration, and capability to ensure reliable communication across wide frequency ranges. This
paper introduces enhanced designs of rectangular MPAs aimed at overcoming the narrow bandwidth limitation
commonly found in traditional designs. Three innovative configurations are proposed: one featuring a simple
rectangular slot on the ground plane, another integrating polygonal Defected Ground Structures (DGS), and a third
utilizing rectangular DGS. These antennas are optimized at a frequency of 4 GHz using High Frequency Structural
Simulator (HFSS) software to significantly improve antenna performance. The MPA without DGS showed a return loss
of -21.124 dB at a resonant frequency of 4 GHz, with a Voltage Standing Wave Ratio(VSWR) of 4.8038 and a gain of
3.88 dBi. In contrast, the MPA with Polygonal DGS exhibited significant improvements, achieving a return loss of -
26.87 dB at a resonant frequency of 4.1 GHz, along with a VSWR of 1.3721 and a gain of 4.38 dBi. Similarly, the MPA
with Rectangular DGS demonstrated superior characteristics, with a return loss of -27.08 dB, resonance at 3.825 GHz, a
VSWR of 1.4399, and a gain of 4.00 dBi. These results underscore the effectiveness of DGS in broadening the
bandwidth and improving the performance of MPAs for applications below 6 GHz, making them highly suitable for
next-generation wireless communication systems.

Index Terms: Antenna Performance, Bandwidth Enhancement, Defected Ground Structures, High Frequency
Structural Simulator, Microstrip Patch Antennas, Sub-6GHz Applications.

1. Introduction

In recent years, advancements in microwave circuitry have been significantly driven by innovative techniques
aimed at improving performance. One prominent method is the implementation of defected ground structures (DGS) [1],
where intentional alterations are made to the ground plane beneath microstrip circuits. This approach optimizes the
operational characteristics of microwave components without significantly altering their physical dimensions. DGS is
particularly effective in addressing challenges such as narrow bandwidth, unwanted radiation patterns, and surface wave
suppression, which are commonly encountered in traditional microstrip antennas. By modifying the electromagnetic
properties of the structure, DGS can significantly enhance critical parameters such as gain, bandwidth, efficiency, and
radiation pattern control. Engineers can strategically design the ground plane to tailor antennas for specific applications,
ensuring optimal performance in diverse scenarios including mobile communication, satellite technology, radar systems,
and Radio frequency identification (RFID) applications.
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Microstrip Patch Antennas (MPAs) [2], consisting of a conducting patch on a dielectric substrate with a ground
plane on the opposite side [3], have long been valued for their versatile design. They allow customization of
specifications such as frequency range, bandwidth, and radiation pattern, making them widely applicable in mobile and
satellite communications, RFID systems, and radar technology. MPAs are recognized for their seamless integration,
cost-effectiveness, and straightforward manufacturing [4]. However, they face challenges in achieving adequate
bandwidth and maintaining optimal radiation efficiency across different frequencies. Despite these challenges, MPAs [5]
remain crucial in enabling reliable wireless communication and electronic devices, significantly contributing to
advances in miniaturization and technology integration.

The integration of DGS with microstrip antennas involves embedding specific patterns or geometries into the
ground plane to interact with the antenna's electromagnetic fields [6]. These engineered structures manipulate
electromagnetic wave propagation, thereby improving antenna performance and mitigating undesired effects. Practical
implementation often utilizes simulation tools like High Frequency Structural Simulator (HFSS) or CST Microwave
Studio to refine designs and achieve desired enhancements in performance. DGS provides an effective solution to
enhance microstrip antenna designs by addressing critical limitations and advancing capabilities in terms of bandwidth,
radiation efficiency, and overall performance. As wireless technologies evolve, DGS [7] continues to play a vital role in
optimizing the reliability and functionality of modern antenna systems.

Defected Ground Structures come in various forms, each designed to enhance antenna and microwave circuit
performance [8]. Common types include:

Rectangular DGS: Simple and widely used, it consists of a rectangular slot to improve bandwidth and return loss.

Circular DGS: Circular slot to enhance bandwidth and reduce mutual coupling in antenna arrays.

Elliptical DGS: Elliptical slot for dual-band or wideband applications, offering design flexibility.

H-Shaped DGS: Two connected rectangular slots forming an "H" shape, effective for multiple resonances and
harmonic suppression.

U-Shaped DGS: "U" shaped slot providing band-stop filtering to eliminate unwanted frequencies.

V-Shaped DGS: "V" shaped defect enhancing gain and bandwidth while maintaining a compact design.

Meandered DGS: Meandered slot pattern creating additional resonances, improving bandwidth, and reducing
antenna size.

Spiral DGS: Spiral-shaped defect for miniaturizing antennas and improving impedance matching.

Interdigital DGS: Parallel slots creating high impedance surfaces, enhancing bandwidth and radiation efficiency.

Cross-Shaped DGS: Cross-shaped slot for multiple resonant frequencies, boosting bandwidth and overall
performance.

Dumbbell-Shaped DGS: Two defects connected by a narrow slot, suppressing harmonics and improving bandwidth.

Periodic DGS: Periodic defects creating electromagnetic bandgap properties to control surface wave propagation
and improve performance.

Polygonal DGS: Distinguished by its polygonal shape with a defined number of sides, employed to enhance
antenna performance by improving bandwidth, minimizing mutual coupling, and optimizing radiation characteristics
across various applications.

Each DGS type offers unique benefits tailored to specific performance enhancements in antenna design, making
them a powerful tool in modern microwave and antenna engineering. Despite the extensive research and development in
this field, there remains a significant gap in addressing the narrow bandwidth limitation in traditional MPA designs.
This paper introduces advanced designs of rectangular MPAs aimed at overcoming these limitations through the
integration of innovative DGS configurations, thereby providing a novel approach to enhance antenna performance and
efficiency.

2. Literature Review

Microstrip Patch Antennas are crucial in modern wireless communications due to their compact size,
straightforward manufacturing, and compatibility with microwave systems. Despite these benefits, MPAs often face
limitations due to their narrow bandwidth. Recent research has investigated various strategies to enhance the bandwidth
of MPAs, with DGS emerging as a significant technique. This review explores the latest advancements and alternative
methods for increasing bandwidth, highlighting key findings from recent studies.

DGS have emerged as an important method for improving Microstrip patch antenna(MPA) bandwidth. Research
by Ali et al. [9] examined the use of an Inverted-F shaped DGS to expand the bandwidth of microstrip patch antennas.
Their findings indicate that this DGS configuration enhances impedance matching and reduces surface wave effects,
thereby widening the operational bandwidth. This approach represents a notable advancement in overcoming the
bandwidth limitations of conventional microstrip antennas.

Metamaterials and Advanced Substrates offer another effective method for increasing antenna bandwidth. Vammi
et al. [10] explored the use of double-layered substrates combined with metamaterials. Their study showed that this
technique leverages the unique electromagnetic properties of metamaterials to achieve significant bandwidth
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enhancement. Integrating these materials with advanced substrate designs provides valuable insights into overcoming
bandwidth challenges in MPAs, thereby improving overall antenna performance.

Electromagnetic Bandgap (EBG) Structures also present a viable solution for boosting bandwidth. Patil et al. [11]
investigated a low-profile microstrip antenna featuring an elliptical EBG structure. Their results demonstrated that the
EBG structure enhances both bandwidth and polarization characteristics while maintaining a compact design. This
research highlights the effectiveness of EBG structures in addressing bandwidth issues and enhancing antenna
performance.

Stacked and Parasitic Patch Configurations provide another approach for bandwidth improvement. Bondarik et al.
[12] introduced a gridded parasitic patch stacked microstrip array antenna designed for the 60 GHz band. Their study
illustrated how stacking multiple patches and integrating parasitic elements can significantly increase bandwidth. This
focus on high-frequency applications offers valuable insights into advanced antenna designs that effectively address
bandwidth constraints and improve performance.

Meander Line Slot Antennas offer a novel method for addressing bandwidth limitations. Let et al. [13] developed
an asymmetric microstrip-fed meander line slot antenna for 5.6 GHz applications. Their design utilizes meander line
slots to effectively tackle bandwidth constraints, presenting an innovative solution for achieving broader bandwidth in
specific frequency ranges. Slot and Meander Line Techniques have been shown to introduce additional resonances, thus
improving bandwidth. According to Bhuvaneswari et al. [14], incorporating slots or meander lines into antenna designs
not only enhances bandwidth but also helps reduce the overall size of the antenna, offering a valuable approach for
designing compact antennas with improved bandwidth.

Advances in Material Science also play a critical role in enhancing bandwidth. Rambe et al. [15] emphasized that
using high-permittivity and anisotropic substrates can significantly boost bandwidth. By choosing materials with
specific electromagnetic properties, antennas can achieve broader operational bandwidths and better performance.

A comparative analysis of bandwidth enhancement techniques, including DGS, metamaterials, EBG structures,
and meander line designs, highlights their distinct advantages, each catering to specific application needs. DGS
improves impedance matching and reduces surface wave effects, while metamaterials and advanced substrates provide
significant bandwidth increases. Emerging trends point to advancements in material science and fabrication techniques,
with ongoing research focusing on adaptive materials and integrated circuit technologies to further boost performance.
Challenges remain in balancing bandwidth improvements with other factors such as antenna size, gain, and efficiency,
leading to future research exploring hybrid techniques and novel materials. Practical applications of these methods span
mobile communications, satellite technology, and radar systems, each offering tailored benefits. The historical evolution
from early microstrip designs to sophisticated structures with advanced materials provides context for understanding
current advancements. Theoretical insights into these techniques involve fundamental electromagnetic principles like
impedance matching and wave propagation, essential for developing effective solutions.

3. Antenna Design

A microstrip patch antenna comprises essential components that work together to facilitate wireless
communication and other applications. The primary components of this antenna are as follows:

Patch: It is typically made of copper and shaped as rectangular or circular, acts as the antenna's radiating element.
When stimulated by an RF signal, it emits electromagnetic waves into space, with its dimensions (length and width)
determining fundamental antenna characteristics such as operating frequency, radiation pattern, and impedance [16].

Substrate: It serves as the base on which the patch is mounted. Usually composed of dielectric materials like FR4
or specialized high-frequency substrates such as Rogers materials, the substrate provides structural support for the patch
[17] and influences key electrical properties like impedance bandwidth, efficiency, and radiation behaviour.

Ground Plane: Beneath the substrate lies the ground plane, an extended conductive surface. It plays a pivotal role
in reflecting emitted electromagnetic waves, thereby enhancing the antenna’s radiation efficiency and controlling its
radiation pattern. Additionally, the ground plane establishes a reference for radiation and mitigates back radiation
towards the feeding structure [18].

Microstrip Feedline: Connecting the patch to the RF feed source or transmission line is the microstrip feed line, a
narrow conductor strip on the substrate’s surface. This feed line delivers the RF signal to the patch for radiation.
Precisely designed in terms of width and length [19], the feed line ensures optimal impedance matching, crucial for
efficient power transfer and bandwidth performance.

A microstrip patch antenna integrates these components to achieve compact size, ease of fabrication using printed
circuit board (PCB) technology, and versatility across various wireless communication applications. Each component
plays a crucial role in determining the antenna's operational characteristics, ensuring efficient RF signal transmission
and radiation performance [20].

3.1 Microstrip Antenna Design Specifications

Designing a microstrip antenna requires taking into account several crucial parameters that influence the antenna's
performance. The primary parameters needed for designing a microstrip antenna [21] are as follows:
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Operating Frequency(f,): This is the frequency at which the antenna is designed to operate and it dictates the
physical dimensions of the patch and the overall size of the antenna. The operating frequency of proposed antenna is
4GHz.

Dielectric constant of the Substrate(e,): The relative permittivity of the dielectric material used for the substrate
affects the wavelength within the substrate and influences the patch dimensions, bandwidth, and efficiency. For the
proposed antenna, the relative permittivity is 4.4.

Height of the substrate(h): The thickness of the dielectric substrate affects impedance bandwidth and radiation
efficiency. Thicker substrates can increase bandwidth but may also cause surface wave losses. For the proposed antenna,
the substrate height is 1.6 mm.

Patch Dimensions: Patch dimensions in a microstrip antenna denote the physical measurements of the radiating
element, often a rectangular or circular metallic conductor adhered to a dielectric substrate. These dimensions
encompass both the length (L) and width (14,) of the patch. During the design phase, these dimensions are determined
according to the target operating frequency and the relative permittivity of the substrate material. The formulas used to
compute the width and length of the patch are expressed in equations 1 and 2.

c 2

Vl/p - % &+l (1)
Where,
C is Velocity of light,
fo is desired Resonant frequency,
&, is the relative permittivity of the substrate
€ _2AL )

L, =
P 2fo[Eeff

Where,
g.rr Is effective dielectric constant of an antenna
AL is patch length extension

To find the patch length, it's necessary to compute the effective dielectric constant of the antenna and the extension
in patch length, utilizing the formulas presented in equations 3 and 4.

N =

Eoff = erz“ + 82;1[1 +12 (Wip)] 3)
Where,
h is substrate thickness,
w,, is patch width
(gefr+0.3) <(%)+0.264>
AL = h*0.412 4)

(geff—0-258) <(%)—0.8)

Substrate Dimensions: In a microstrip patch antenna, the substrate length and width are usually determined by
enlarging the patch dimensions. This extension ensures adequate support for the patch and facilitates efficient radiation.
The formulas for calculating the substrate's length (L) and width (W) are provided by equations 5 and 6, respectively.
These calculations ensure the substrate extends beyond the patch, accommodating the ground plane and offering
necessary structural support [22].

Ls

L, + 6h (5)
W, = W, + 6h (6)

Feed point and Feedline Dimensions: The placement and dimensions of the feed line, whether a microstrip feed or
coaxial probe, are crucial for impedance matching and effective power transfer. The feed point is typically adjusted to
obtain the desired input impedance, generally set at 50 ohms. The various width and length dimensions are as follows:

Length of Quarter-wavelength Transformer(Lg,): It is the length of the microstrip transmission line segment
crafted to equalize the impedance between the feed line and the patch antenna, functioning as a quarter-wavelength
transformer. Its primary function is to ensure effective impedance matching, adjusting the feed point's impedance to
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align with the characteristic impedance (Z,) of both the feed line and the patch antenna. This adjustment is critical for
reducing reflection losses and maximizing the efficiency of power transmission.

Width of Quarter-wavelength Transformer(W4;,,): The width of the microstrip transmission line used for the
quarter-wavelength transformer section in the antenna design determines the characteristic impedance and the
impedance transformation ratio. It plays a critical role in achieving proper impedance matching, tailored to the substrate
material properties and specific requirements for impedance transformation.

Width of the feed (W}): It denotes the width of the microstrip transmission line forming the feed line within the
antenna structure. Its role lies in defining the characteristic impedance of the feed line and affecting how well
impedance is matched between the source and the patch antenna. This parameter is critical for minimizing losses in the
transmission line and ensuring effective power transfer to the antenna.

Length of the Feed(Ls): It represents the actual length of the microstrip transmission line linking the feed point
(where the RF signal enters the antenna) to the patch antenna. Its significance lies in its impact on the antenna's
impedance properties. It must be precisely configured to attain impedance alignment with the source impedance
(usually 50 ohms), thus optimizing power transfer efficiency and reducing signal losses.

The various parameters required to design the antenna, such as width of the substrate(Ws), length of the
substrate(Ls), width of the patch(W,,), length of the patch(L,), Length of Quarter-wavelength Transformer(Lg,,), Width
of Quarter-wavelength Transformer(W,,,),Width of the feed (Wf),Length of the Feed(Ly), height of the substrate(h) are
depicted in the Figure 1. The corresponding values for these parameters are listed in Table 1, providing a detailed
overview of the antenna's design specifications.

«~———— Ws —m >

«— Wp ——>
Lp Patch
l Waw l
: | |
Lqw
Substrate h
Lf s = d T
I Wi Ground
@) ()

Fig. 1. (a) Top View of Microstrip antenna (b) Side View of Microstrip antenna

Table 1. Design Parameters for Microstrip Antenna with Dimensions

Antenna Design Parameters Dimensions(mm)
Width of the substrate(W) 30.2
Length of the substrate(L,) 32.8

Width of the patch(W,), 155
Length of the patch(Ly) 16
Height of the substrate(h) 1.6
Length of Quarter-wavelength 9
Transformer(Lg,,),
Width of Quarter-wavelength 1
Transformer(Wgy,),
Width of the feed (W), 15
Length of the Feed(Ls) 3

Using the above dimensions, a microstrip antenna was designed and implemented in three different configurations
using HFSS: one without a DGS, one with a rectangular DGS, and one with a polygonal DGS.
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3.2 Simulation setup

The simulation of the Microstrip Patch Antennas was conducted using ANSYS HFSS software. The specific
configuration and parameters used are critical for reproducibility and accurate results. The detailed antenna design
parameters are provided in Table 1. In addition, the additional simulation parameters are listed in Table 2.

Table 2. Simulation Parameters and Settings

Parameters Value
Substrate Material FR4 Epoxy
Relative Permittivity(e,) 44
Loss Tangent 0.02
Frequency range 1 GHz- 6GHz
Frequency sweep 0.1 GHz steps

Boundary Conditions

Perfect Electric Conductor (PEC)

Excitation Source

Wave port, magnitude 1V

Meshing

Adaptive, max element size 0.1 mm

Radiation Boundary

M4 distance, open boundary

Solver Settings

Driven modal solution

Convergence Criterion

Maximum Delta S of 0.02

Number of Passes

Minimum 10, Maximum 20

Adaptive Meshing

Enabled, refinement per pass

The procedure involved creating the initial design of the microstrip patch antenna, including the DGS, using the
HFSS design interface. Material properties, boundary conditions, and excitation sources were defined as specified. The
geometry was meshed using adaptive techniques to ensure accuracy, and the simulation was run with the outlined solver
settings to obtain Scattering parameters or S-Parameters, gain, and Voltage Standing Wave Ratio(VSWR). The results
were analyzed to determine performance enhancements due to the DGS, including improvements in bandwidth, gain,
and impedance matching. This detailed description ensures the methodology is clear and reproducible.

3.3 Proposed Microstrip Antenna Designs

A standard microstrip patch antenna operating at a frequency of 4 GHz was initially developed for a
comprehensive comparative assessment against the proposed antennas featuring Defected Ground Structures. The
design of this standard MPA is shown in Figure 2. This standard MPA serves as a baseline to evaluate and contrast the
performance enhancements introduced by integrating rectangular and polygonal DGS configurations into the antenna
design.

N
/ g2
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o % 50 (i

Fig. 2. Design of Standard Microstrip Patch Antenna without Defected Ground structures

To enhance the performance of the basic microstrip patch antenna design, a rectangular slot is incorporated onto
the ground plane as shown in Figure 3. This Defected Ground Structure measures 24mm x 1.7mm, significantly
improving bandwidth and return loss. The antenna includes a purple ground plane with modified patterns and a blue
radiating patch. The white feed line connects the Radio frequency(RF) signal to the patch for radiation.

The DGS alters current distribution to enhance antenna parameters like bandwidth, return loss, VSWR, gain, and
efficiency compared to a conventional MPA. Specific dimensions and patterns are tailored for optimal performance at
the operating frequency. This configuration will be evaluated against designs without DGS and with different patterns
to assess overall performance improvement.
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Fig. 3. Design of Microstrip Patch Antenna with Rectangular Defected Ground structures

To further improve antenna parameters, a new design featuring polygonal Defected Ground Structures has been
introduced for the microstrip patch antenna. In this iteration, Figure 4 illustrates the integration of three polygons, each
with 12 sides, onto the ground plane. One polygon has a radius of 3 mm, and the other two polygons have radii of 4 mm.
These polygons are strategically placed to alter the current distribution on the ground plane, with the goal of enhancing
antenna performance metrics such as bandwidth, return loss, and efficiency.

4

Fig. 4. Design of Microstrip Patch Antenna with Polygonal Defected Ground structures

The three designed antennas in HFSS are evaluated for various parameters such as VSWR, scattering parameters,
and Gain. These metrics are critical in assessing the antenna's performance across its operating frequency range.

3.4 Evaluated Antenna Parameters

The proposed three antenna configurations were evaluated across various parameters to ensure a comprehensive
understanding and reproducibility, as these parameters are defined below.

Antenna Gain: It is a measure of the directional performance of the antenna, quantifying how well it radiates or
receives power in a particular direction compared to an isotropic radiator. Gain is usually expressed in decibels (dB).
Higher gain indicates that the antenna can focus energy more effectively in a specific direction, leading to improved
performance in that direction. Gain is crucial for applications requiring targeted signal coverage or increased signal
strength.

Voltage standing Wave Ratio(VSWR): It is a measure of the efficiency of the antenna’s impedance matching. It is
the ratio of the maximum voltage to the minimum voltage along the transmission line, resulting from the reflections of
signal waves. A VSWR of 1:1 indicates perfect impedance matching, while higher ratios indicate increasing levels of
mismatch. A VSWR below 2:1 is typically acceptable, indicating that the antenna is effectively matched and minimizes
reflected power.
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Scattering Parameters: These parameters are crucial for analyzing the electrical behavior of radio frequency
networks, including antennas. They describe how RF signals are reflected or transmitted through a device, such as an
antenna. Key S-parameters include:

S:1(Reflection Coefficient): This parameter quantifies the amount of the incident signal that is reflected back
towards the source due to impedance mismatch.

S,1 (Transmission Coefficient): This measures the portion of the signal that is transmitted from port 1 to port 2 of
the device.

Since a microstrip antenna is a single-port device, it has only the reflection coefficient and does not have a
transmission coefficient. S-parameters are vital for evaluating antenna performance, offering insights into the
effectiveness of signal transmission and reception. They help in understanding impedance matching, signal loss, and the
overall efficiency of the antenna.

Return Loss: It quantifies the amount of power reflected back from the antenna due to impedance mismatches. It is
derived from the ratio of reflected power to incident power and is usually expressed in decibels (dB). A higher return
loss signifies better impedance matching between the antenna and the transmission line, resulting in reduced reflected
power and more effective energy transfer. Typically, a return loss greater than 10 dB is deemed satisfactory for most
applications, indicating that less than 10% of the power is reflected. The Return loss for the designed Microstrip
antennas can be calculated from the reflection coefficient using the equation (7) given as:

Return loss(dB) = —20 log,o| S11l = — 20 logqol ' @)

4. Results and Discussions

The microstrip antenna designs, featuring polygonal DGS, rectangular DGS, and a standard configuration without
DGS, were thoroughly simulated using HFSS. These simulations were conducted to evaluate a range of performance
parameters, including S-parameters, gain, VSWR, and Return loss. Each configuration was analyzed to understand the
impact of different DGS shapes on the antenna'’s overall performance.

Figures 5, 6, and 7 depict the gain of microstrip antennas across three configurations: without DGS, with a
polygonal DGS, and with a rectangular DGS, respectively. These figures offer a comparative analysis of the effects of
different DGS shapes on antenna gain. The microstrip antenna without DGS serves as a baseline, while the
configurations featuring polygonal and rectangular DGSs showcase the influence of these structures on the antenna's
gain characteristics.

Gain Plot 1
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Fig. 5. Gain characteristics of the Microstrip antenna design without Defected Ground structures
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Fig. 6. Gain characteristics of the Microstrip antenna design with Polygonal Defected Ground structures
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Fig. 7. Gain characteristics of the Microstrip Antenna design with Rectangular Defected Ground structures

From the figures, it is observed that gain measurements show that the inclusion of DGS positively impacts antenna
performance. The antenna without DGS has a gain of 3.88 dBi, reflecting moderate performance in signal transmission
and reception. The gain increases to 4.38 dBi with the polygonal DGS and to 4.00 dBi with the rectangular DGS. This
improvement indicates that both DGS configurations enhance the antenna's ability to transmit and receive signals more
effectively, with the polygonal DGS providing the highest gain.

Figures 8,9, and 10 depict the Voltage Standing Wave Ratio (VSWR) of microstrip antennas in three
configurations: without DGS, with a polygonal DGS, and with a rectangular DGS, respectively. These figures compare
variation of VSWR across different antenna setups. The microstrip antenna without DGS serves as a baseline, showing
typical VSWR characteristics. Meanwhile, antennas with polygonal and rectangular DGSs demonstrate how these
specific DGS shapes influence VSWR, highlighting their impact on impedance matching and potential enhancements in
bandwidth and overall performance.
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Fig. 8. Voltage Standing Wave Ratio of the Microstrip Antenna without Defected Ground structures
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Fig. 9. Voltage Standing Wave Ratio of the Microstrip Antenna with Polygonal Defected Ground structures
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Fig. 10. Voltage Standing Wave Ratio of the Microstrip Antenna with Rectangular Defected Ground structures
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From the figures, it is observed that the VSWR values for the antenna configurations reveal significant differences
in impedance matching efficiency. The antenna without DGS shows a high VSWR of 4.8038, indicating poor
impedance matching and substantial signal reflection. Conversely, the antennas with polygonal and rectangular DGS
exhibit much lower VSWR values of 1.3721 and 1.4399, respectively. These lower values signify better impedance
matching, leading to more efficient signal transmission with minimal reflection.

Figures 11, 12, and 13 show the S-parameters of microstrip antennas in three setups: without DGS, with a
polygonal DGS, and with a rectangular DGS, respectively. These figures compare the differences in S-parameters
across various antenna configurations. The microstrip antenna without DGS acts as a reference, demonstrating typical
S-parameter behavior. In contrast, antennas with polygonal and rectangular DGSs illustrate how these specific DGS
shapes affect impedance characteristics and the efficiency of signal transmission.

S Parameter Plot 1
Without DGS AIZ'}]? RSZ

STUDENT

— =0
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Fig. 11. Scattering Parameters of the Microstrip Antenna without Defected Ground structures
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Fig. 12. Scattering Parameters of the Microstrip Antenna with Polygonal Defected Ground structures

For a single-port device like a microstrip antenna, S, directly represents the reflection coefficient (I'). This makes
it straightforward to interpret the reflection characteristics of the device from its S-parameter plot. From the figures, it is
observed that the reflection coefficient values underscore the effectiveness of DGS in reducing signal reflection. The
antenna without DGS has a reflection coefficient of -11.3827 dB, indicating significant signal reflection. With the
introduction of polygonal and rectangular DGS, the reflection coefficients improve markedly to -22.067 dB and -
22.5969 dB, respectively. These lower values demonstrate enhanced impedance matching and reduced reflection, with
the rectangular DGS configuration showing the least amount of signal reflection.
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Fig. 13. Scattering Parameters of the Microstrip Antenna with Rectangular Defected Ground structures

By using Equation 7, return loss can be calculated from the reflection coefficient. The microstrip antenna without
DGS exhibits a return loss of -21.124 dB, indicating a moderate level of signal returning to the source. With the
addition of DGS, the return loss improves to -26.87 dB for the polygonal DGS and further to -27.08 dB for the
rectangular DGS. These measurements underscore the effectiveness of DGS configurations in minimizing signal return,
with the rectangular DGS demonstrating superior performance in return loss reduction.

From the figures, it is observed that the resonant frequency analysis highlights the tuning effects of DGS on the
antenna. The antenna without DGS resonates at the designed frequency of 4 GHz. However, the polygonal DGS shifts
the resonant frequency slightly to 4.1 GHz, while the rectangular DGS shifts it to 3.825 GHz. These shifts indicate that
DGS not only impacts performance parameters like VSWR, gain, reflection coefficient, and return loss but also fine-
tunes the operating frequency, with the rectangular DGS having a more pronounced effect.

The parameters assessed for all three microstrip antenna configurations, including the Microstrip antenna without
DGS, the Microstrip antenna with polygonal DGS, and the Microstrip antenna with rectangular DGS, are summarized
in Table 3.

Table 3. Evaluated Parameters of Microstrip Antenna Configurations

Evaluated Antenna Parameters
Microstrip Antenna Designs VSWR Gain Reflection Return Resonant
(dBi) Coefficient(dB) Loss (dB) frequency(GHz)
Microstrip antenna Without 4.8038 3.88 -11.3827 -21.124 4
DGS
Microstrip antenna with 1.3721 4.38 - 22.067 - 26.87 41
Polygonal DGS
Microstrip antenna with 1.4399 4.00 - 22.5969 -27.08 3.825
Rectangular DGS

The microstrip antenna without DGS exhibits a relatively high VSWR and lower gain, reflecting its limited
bandwidth and less effective impedance matching, which results in significant signal reflection. In contrast, the
polygonal DGS configuration shows marked improvements, with a significant reduction in VSWR indicating better
impedance matching. This configuration also achieves higher gain and notably improved reflection coefficient and
return loss, demonstrating more efficient energy transfer. The higher resonant frequency with the polygonal DGS
suggests enhanced bandwidth capability due to its complex resonant behavior. Similarly, the rectangular DGS
configuration enhances performance compared to the baseline, with lower VSWR and improved reflection coefficient
and return loss. Although its gain is slightly lower than that of the polygonal DGS, it remains superior to the baseline
setup, and the resonant frequency shift reflects the impact of DGS on tuning the antenna's operational bandwidth.
Overall, the inclusion of DGS significantly improves antenna performance, with the polygonal DGS providing slightly
better gain and VSWR, while the rectangular DGS offers superior return loss and reflection coefficient.

The observed performance enhancements with the DGS configurations, including both rectangular and polygonal
types, can be attributed to their impact on surface wave suppression, impedance matching, and resonant frequency
adjustments. The distinctive shapes of the DGS effectively suppress surface waves by causing specific perturbations in
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the ground plane, which reduces wave propagation and improves overall performance. Additionally, the DGS structures
enhance impedance matching between the antenna and the feed network, as indicated by the lower VSWR values,
which suggest reduced signal reflection and more efficient energy transfer. The introduction of DGS also alters resonant
frequencies by adding extra resonant modes. The polygonal DGS, in particular, introduces more complex resonant
behavior than the rectangular DGS, leading to increased bandwidth and higher gain. The shift in resonant frequency
observed with the DGS configurations underscores their effect on modifying the antenna's operational bandwidth and
performance.

The simulated parameters of the proposed antenna configurations are compared with those of previously designed
antennas, and the corresponding values are listed below in Table 4.

Table 4. Comparison of Simulated Parameters between Proposed and Previous Antenna Designs

Ref. Size of antenna Operating Gain Return loss
(mm) frequency(GHz) (dBi) (dB)
[23] 30x24 2.8 1.89 -154
[24] 41 x 50 2.8 1.09 -20.6
[25] 40 x 16 2.8 1.9 -79
[26] 100 x 28.5 2.8 1.3 -34
[27] 30x70 1.94 14 -20
[28] 37.23x28.8 19&28 3 -202&
-13.12
[29] 37.23x28.8 19&2.89 316 & -18&
4 -13.7
Proposed 30.2x32.8 4 4.38 (Polygonal DGS) - 26.87 (Polygonal DGS)
Antenna 4 (Rectangular DGS) - 27.08 (Rectangular DGS)

Enhanced MPAs have various practical applications. In wireless communication systems, they can significantly
enhance mobile communication by improving signal reception and transmission, leading to better connectivity and
faster data rates. Their compact size and efficient high-frequency operation make them suitable for satellite
communication, boosting signal quality and coverage. In radar systems, enhanced MPAs can offer improved resolution
and detection capabilities, increasing the accuracy of object tracking and imaging. For wireless sensor networks, high-
performance MPAs can extend the range and reliability of data transmission, resulting in better network coverage and
data accuracy.

The benefits of enhanced MPAs include improved bandwidth, enabling higher data transmission rates and more
efficient communication. They also offer better impedance matching, reducing signal reflections and losses, which leads
to more effective energy transfer and improved overall performance. The small size of MPAs makes them ideal for
integration into compact devices and systems, saving space and allowing for more versatile applications. Furthermore,
enhanced MPAs with higher gain provide stronger signal strength and coverage, essential for maintaining robust
connections in various communication systems.

Nevertheless, there are potential limitations to consider. Advanced designs and materials might increase the cost
and complexity of manufacturing MPAs, which could impact their feasibility for some applications. Integrating
enhanced MPAs into existing systems might require additional modifications or considerations, affecting deployment
timelines and costs. Additionally, performance may vary with environmental conditions such as temperature and
humidity, potentially impacting the reliability of enhanced MPAs in some applications.

5. Conclusion

This research has comprehensively evaluated the performance of three microstrip antenna configurations: without
DGS, with polygonal DGS, and with rectangular DGS, using HFSS for simulations and analysis. The assessment
focused on key parameters such as VSWR, gain, reflection coefficient, return loss, and resonant frequency.

From the results, it is evident that the introduction of DGS significantly enhances the performance of microstrip
antennas. The microstrip antenna without DGS exhibited a moderate performance with a return loss of -21.124 dB, a
gain of 3.88 dBi, and a VSWR of 4.8038 at a resonant frequency of 4 GHz. These values indicate a reasonable
performance but also highlight areas where improvements can be made, particularly in terms of return loss and VSWR.

The polygonal DGS configuration showed marked improvements, with a return loss of -26.87 dB, a gain of 4.38
dBi, and a VSWR of 1.3721 at a slightly shifted resonant frequency of 4.1 GHz. These results suggest that the
polygonal DGS effectively enhances signal quality by reducing the amount of signal returning to the source, thereby
improving overall antenna performance.

The rectangular DGS configuration provided the best performance among the three configurations. It achieved a
return loss of -27.08 dB, a gain of 4.00 dBi, and a VSWR of 1.4399 at a resonant frequency of 3.825 GHz. These results
demonstrate the superior effectiveness of the rectangular DGS in minimizing signal return and optimizing signal
transmission.
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The evaluation confirms that incorporating DGS into microstrip antenna designs can significantly enhance
performance metrics, particularly in terms of return loss and VSWR. The choice between polygonal and rectangular
DGS configurations should be guided by specific application requirements, with the rectangular DGS offering slightly
better performance in the parameters evaluated.

Future research should focus on several key areas to enhance microstrip antenna performance. Exploring
alternative DGS shapes and configurations, such as fractal or irregular designs, could yield improvements in bandwidth
and impedance matching. Real-world testing of simulated antenna designs is crucial to validate their performance in
practical conditions, ensuring reliability and effectiveness. Integrating these optimized designs into actual
communication systems, like mobile or satellite networks, will provide insights into their practical applications.
Additionally, investigating advanced materials and manufacturing techniques, including metamaterials and high-
permittivity substrates, could further improve antenna performance and expand their applicability. Future work should
also include continued optimization of DGS designs and the practical application of these findings to real-world
wireless communication systems. Using HFSS for simulation and analysis remains an effective method for assessing
and refining antenna performance.
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