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Abstract: This research presents a concept, for an elliptical ring patch microstrip 
antenna (ERPA) which was created tested and produced Employing types of materials, 
with varying permittivity values. The antenna is meant for X band use. In this study the 
substrates employed are FR4 (Design (1)) and RT5880 (Design (2)) having permittivity 
values of 4.4 and 2.2 respectively and thicknesses of 1.6 mm and 1.575 mm. The ERPA 
design includes four rings, with holes of different sizes. The Ansoft HFSS, a high-frequency 
structure simulator, is utilized to model the antenna design, which is crucial for 
optimizing the design and accurately predicting its performance. Moreover, simulation 
tools were integral in optimizing antenna characteristics before physical testing. 
Curiously, there is a significant consensus over the comparative outcomes. The research 
primarily examines key characteristics, including radiation pattern gain, return loss, and 
input impedance, which have been shown to fall below acceptable thresholds. The results 
show that relative permittivity and difference in the thickness of the substrate materials 
have a substantial impact on both bandwidth and gain. The analysis of efficiency showed 
the superior efficiency of 85.70% by RT-5880 in contrast to 69.96% efficiency gained via 
FR-4 substrate. The bandwidth of both proposed antennas is greater than 2 GHz which 
is 2.420 GHz and 3500 GHz for Design (1) and Design (2) respectively. The gain 3 is 
observed in both the Designs 1 and 2. The higher bandwidth and gain makes RT5880 
substrate more efficient, and provide better design for X- band applications. Maintaining 
the X-band frequency range the proposed antenna design can be applied to wide range 
of applications. 

Keywords: Microstrip, Bandwidth, Slot, Elliptical, X-Band. 

1. Introduction 

The Wireless Operating Microstrip Patch Antennas (MSPAs) are very useful in 
some applications in the communication, remote sensing, medical devices, radar 
systems and hand handheld devices due to their weight and size (Gaid et al., 2024; 
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Huang & Lee, 2024). Moreover, it is used in others such as vehicle speed identification, 
air traffic control and civil meteorological applications, marine vessel traffic control 
and even in military applications. Furthermore, in terms of wireless communication 
engineering design and optimization, the MSPA is considered a cornerstone because 
of its ability to be designed into different shapes and used at various frequencies 
according to the required device. Because of the benefits attributed to the fabrication 
processes, which are relatively simple, products are often lightweight and small in 
size, inexpensive, and compatible with advanced electronic systems (Roh et al., 2014).  

But a major drawback of MPSAs is that they are not resource-efficient and have a 
rather small range of options (Andrews et al., 2014). This is understandable in light of 
the fact that electromagnetic fringing emanates only from two patch edges. The basic 
MSPA structure consists of three layers: a conductive ground plane, a dielectric 
substrate positioned above the ground plane, and a radiating patch on the bottom side 
of the substrate (Abdelghany et al., 2024; Mahbub et al., 2021). MSPA work at specific 
frequencies by resonating, where the length of the patch is approximately half the 
wavelength of the desired operating frequency (Khan et al., 2022; Kiani et al., 2022). 
The performance of MSPAs can be principally influenced by the dimensions and 
characteristics of the MSPAs. The patch can be made in various shapes, including 
rectangular, circular, elliptical, and more complex geometries. The dielectric substrate 
material separates the patch from the ground plane, and its properties (such as 
permittivity) significantly affect the antenna's performance (Zahid et al., 2022). It has 
been observed that although the overall structure of the printed circuit depends on 
the material used for the substrate, the material plays a significant role in the field of 
performance parameters. An increase in thickness of the substrate or a decrease of 
dielectric constant also leads to broad bandwidth and efficiency but possess loosely 
bound fields for radiation into space but entails large size of element (Sufian et al., 
2021). However, if the substrate thickness is less than 0.05λ, the antenna's power 
delivery transitions from transverse waves to surface waves, thereby ceasing to 
radiate effectively. Another problem will appear due to the interaction between all 
these loops, which is also impacts on the efficiency of the antenna (Hussain et al., 
2021). For higher dielectric constant, the area of the patch is small in comparison to 
that of the negative dielectric. Yet, at the same time, as the dielectric constant rises, not 
only bandwidth diminishes as well as radiation efficiency. But, as concluded, it is 
useful in determining the substrate selection in the methodology of antenna design. 
Also, the specific MPSA's patch geometry influences its performance as well. 
Therefore, several patch shapes have been proposed such as circular, triangular, 
rectangular, hexagonal, U-shaped, and bowtie-shaped, etc (Al-Bawri et al., 2021; Munir 
et al., 2024; Sharma & Kumar, 2023). Earlier works involved slots in circular or 
rectangular patch-shaped with a ground plane located in the backside of the given 
antenna (Mutashar et al., 2020). Consequently, we can identify a high level of potential 
when considering different slotted-patch designs and slot sizes, ground plane 
positions and feedline length/positioning options (Ullah et al., 2019).  

To conclude, we utilize integrated slot MPSAs as a better approach to enhancing 
the performance of the MSPA (Yang & Alouini, 2020). This is one of the flexible 
procedures that ergo offer new design features thought to enhance some crucial 
antenna parameters such as return loss, operating frequency, and power gain 
(Ojaroudi Parchin et al., 2019; Yang et al., 2023). Furthermore, besides changing the 
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shapes of antennas, it is possible to introduce slots into the designs in order to enhance 
the performance of the structure. Some slots are engraved to form patches while 
others are carved out causing alteration of the antenna electromagnetic 
characteristics. These slots may usually decrease the excitation of the surface waves 
also, increase the bandwidth and furthermore make the impedance matching better 
since they add up more resonant frequencies (Deng et al., 2023; Krishna & Padmasine, 
2023). It might be for specific performance goals, other slot configurations as well 
could be used as presented in (Saleh et al., 2023; Singh et al., 2024), like circular slots 
or annular ring slots. 

This paper examines the influences of multiple dielectric materials on the 
performance characteristics of a new shape of ellipse rings elliptical micro strip 
antenna ERPA which consist circular slots on four-shaped ellipse ring patch of 
different size for X-band applications. The following designs should be proposed and 
simulated using two different substrate material namely FR4 and Rogers (RT-5880). 
Particular attention is paid to the analysis of the variety of slot geometries, 
dimensions, and their placement in order to influence the characteristics of antenna. 
This is a compact structure that boasts much better performance than a conventional 
MPAs employing contemporary simulation tools can as such better depict the benefits 
of this aiding method in optimizing the overall performance of micro strip antennas in 
the X-band frequency. 

2. Antenna Design 

MPSA structure has a ground plane, a dipolar dielectric substrate, and a radiating 
patch. The ground plane is a broad, conducting plane, which reflects the radio waves 
radiated by the remaining parts of the antenna. This is important in order to add 
support strength to the antenna through the substrate.  Usually, a conductive 
substance like as copper or gold is used in the production of the patch. The 
configuration of the radiating patch has a substantial impact on performance of the 
developed antenna, as it affects the distribution of the surface current, the range of 
frequencies it can operate at, the amplification, the pattern of radiation, and the 
alignment of impedance. To enhance the performance of the antenna, different 
configurations of patch antennas are used for such purpose (Alsudani & Marhoon, 
2023; Hussain et al., 2023; Rana, Hossain, et al., 2023; Rana, Sen, et al., 2023). The 
proposed MPA incorporates the micro strip line inset feeding technique, which 
ensures a sleek surface for the antenna. The HFSS was used to model the suggested 
antenna design. 

The proposed antenna design begins with an ERPA, as shown in Figure 1a. A 
following stage entails doubling the number of ERPA in various diameters and loading 
them within the first ERPA. This is performed to produce the required radiation 
characteristics and bandwidth by altering the current distributions. To enlarge the 
bandwidth, the proposed antenna may be created by etching a circular hole into the 
ERPA, as seen in Figure (1e). Design 1 utilized a sublayer, with a dielectric substrate 
thickness of 1.60 mm and a relative permittivity of 4.4. In contrast Design (2) 
employed Rogers (RT 5880) material, with a thickness of 1.575 mm and a relative 
permittivity of 2.2. The layout of the proposed antennas is illustrated in Figure 3. The 
antennas are specifically engineered to operate at x-band frequencies. Hence, the 
objective of this research is to ascertain more effective and uncomplicated methods to 
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achieve desired outcomes, such as a broad range of frequencies. Table 1 displays 
several details, including dielectric constant and substrate height. 

   
a b c 

   
d e f 

Figure 1:  Illustration of the Sequential Stages involved in the Antenna Design. 

The antenna shown in Figure 1(f) was selected to be ideal design. Figure 1(f), was 
selected based on the favourable simulation results for radiation pattern and return 
loss, which are discussed in the next section. The HFSS programme was used to 
optimise the size of the antenna and study parameterization derived from the highest 
level of achievement, as seen in Figure 2. This antenna is both simulated and 
constructed using a cost-effective-method.  The dielectric substrate used is FR4 epoxy 
with a dielectric constant (𝜺𝒓) of 4.4. The volume of the substrate is 36.0 * 24.0 * 1.6 
mm3. The annular patch has a major axis diameter of rv = 7 mm and a minor axis 
dimension of rh = 5.18 mm. The ERPA has the same width. The ground plane has an 
area of 285.12 mm2. Table 1 displays the characteristics and dimensions used in the 
fabrication and the design of the recommended antenna. A fabricated antenna is 
connected to a vector network analyser (VNA) via  cable, as shown in Figure 3, to 
measure the VSWR and S11 (dB) graphs. 

Table 1: The Proposed Antenna Geometric Measurements 

Parameters Dimensions(mm) Parameters Dimensions(mm) 

L 36 lg 11.83 

W 24 wg 24 

dro 1 dri 1.1 

Wf 1.6 Lf 11.83 

Li 6.7 rs 1 

h Design (1) 1.6 h Design (2) 1.575 

𝜺𝒓 Design (1) 4.4 𝜺𝒓Design (2) 2.2 
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Figure 2: Geometrical Characteristics of the Most Efficient Antenna Design. 

  
 

Figure 3: The Constructed Antenna Prototype as Seen from the Top and Bottom 
Perspectives. 

Table 2: Specifications of the Proposed Antennas' Design. 

Specification Values Frequency C- and x-band 

Coefficient of Reflection, S11 Less than 10 dB 

Input of VSWR 1:2 

Impedance, Z 50 Ohms 

Thickness of Copper 0.035 mm 

Range of Bandwidth- ≥ 2 GHz 

3. Results and Discussion  

The antenna was designed with a particular purpose or function in mind. 
Conducted tests on Xband frequency using different substrate materials with varying 
relative permittivity values. A MSPA design was created by integrating a ring patch 
(ERPA) decorated with circular slots. The ERPA is available in several diameters, as 
seen in the Figure 2. The precise measurements of the slots' diameters. Their 
arrangement plays a role in achieving the required radiation patterns at certain 
frequencies by effectively controlling the reversal of phase in surface currents. The 
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proposed antenna's performance has been optimised by selecting the phase reversal 
in surface currents, based on simulation findings related to return loss. Integrating 
ERPA leads to modifications in the surface route, resulting in enhanced impedance 
matching.   

The planned antenna, referred to as design (1), was executed via the use of Ansoft 
HFSS software. The object was created using a FR4 substrate that has a consistent 
dielectric constant (𝜀𝑟 = 4.4). The antenna has dimensions of 36.0*24.0*1.6 mm. The 
strip line in Figure 2 is used to provide power, and it has a typical impedance of 50 
ohms. Table 1 provides precise measurements of the recommended antenna. The FR4 
substrate is considered because using an FR4 substrate for antenna design provides a 
balance of electrical, mechanical, and cost-related advantages that make it a popular 
choice in many engineering applications. This graphic illustrates that the optimal 
design produces the most advantageous results in terms of coefficient of reflection. 
Figure 1(e) shows the optimal design, with a bandwidth of 2.420 GHz and a resonance 
frequency of 7.58 GHz.  

Figure 4: The Return Loss Results of the Developed Antennas as Displayed in Figure 1. 

Figure 5: The Return-Loss of the Recommended Antenna. 

This image demonstrates that the ideal design yields the most favourable outcomes 
in terms of coefficient of reflection. Figure 1(e) shows the most efficient antenna 
design, with a bandwidth of 2.420 GHz and a resonance frequency of 7.58 GHz.  The 
graph in Figure 5 illustrates a positive connection between the calculated and 
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measured values of the return loss parameter for the proposed antenna. The use of 
soldering effects in SMA connections, which are often overlooked in simulation 
designs, might potentially lead to slight discrepancies between the measured and 
simulated outcomes. The measured and modelled data show a bandwidth of 2.420 
GHz, spanning from 6.87 GHz to 9.29 GHz, and a resonance frequency of 7.58 GHz and 
7.5 GHz, respectively. The antenna Design (2) was developed and simulated using 
Ansoft HFSS software on a Roger RT (Duroid 5870) substrate with a relative 
permittivity (𝜺𝒓) of 2.2 and a thickness (h) of 1.575 mm. The Design-1 used 
components of same dimensions, including the feeding technique. The feeding method 
included the use of a tapered strip line with a 50-ohm impedance, as shown in Figure 
2. Table 1 displays the measurements of the suggested antenna. 

Figure 6:  Simulation Findings for the Return Loss of Antenna Design (1) and Design (2). 

Figure 6 demonstrates the coefficient of reflection (S11), for both Design 1 and 
Design 2. In Figure 5 Design 1 had an S11 value of 37.42 dB at 7.58 GHz with a 
bandwidth of 2.420 GHz from 6.87 GHz, to 9.29 GHz. During optimization Design 1 
demonstrated results in terms of S11. Bandwidth. However, Design 2 surpassed 
Design 1 in both S11 and bandwidth performance. Design 2 achieved an S11 value of 
35.34 dB at a frequency of 8.711 GHz with a bandwidth of 3.500 GHz, spanning from 
8.5 GHz to 12.0 GHz. Figure 5 emphasizes the performance of Antenna Design 2. The 
simulation results of VSWR for Design (1) and Design-(2) are shown on Figure 7. The 
proposed antenna meets the criteria of the intended applications. The criteria for 
these applications include satellite communication and wireless communication in x 
band applications, with a VSWR (Voltage Standing Wave Ratio) of less than 2. The 
VSWR values for Design (1) and Design (2) were 1.027 and 1.034, respectively. 

Figure 7:  VSWR Simulation Findings for the Return Loss of Antenna Design (1) and 
Design (2). 
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a b 
Figure 8: The Patterns of Radiation of the Proposed Two-dimensional Antenna Design. 
The red colour represents the E-plane, while the black colour represents the H-plane. 

These patterns were seen at the resonance frequency for both Design (1) and Design (2) 

Figure 8 displays the simulated radiation patterns for Design (1) and Design (2). 
The patterns were acquired at the resonant frequencies of 7.58 GHz and 8.71 GHz, 
respectively. The radiation patterns are partitioned into two planes:  vertical plane (E-
Plane) and the horizontal plane (H-Plane). The broadside direction demonstrates the 
largest intensity of radiation among all the configurations shown. When frequencies 
resonate, the E-plane pattern is evenly dispersed in all directions. The E-plane pattern 
is characterised by a rectangular shape, whereas the H-plane pattern has a dumbbell 
shape. Moreover, the antenna transmits radiation uniformly in all directions, ensuring 
complete coverage of the surrounding region. The efficacy of the proposed antenna 
may be assessed by analysing the distributions of the surface current. Figure 9 
illustrates the current distribution of Design (1) and Design (2) for the resonance 
frequencies of 7.56 GHz and 8.71 GHz, respectively. The slots on the ERPA patch 
possess the capacity to modify this distribution, hence impacting the radiation 
properties of the antenna.  

To be more specific, the circular ring slots modify the trajectory of electric currents 
on the patch's surface, resulting in the currents being concentrated or deflected along 
the edges of the slots. This alteration significantly influences the antenna's radiation 
pattern, as illustrated in Figure 9. Moreover, Figure 9 displays the depicted current 
flow. The magnetic and electric fields of the suggested antenna design validate the 
behaviour of the relevant surface currents. Consequently, at certain locations 
throughout the perimeter of ERPA, the currents will synchronise, resulting in the 
maximum dose of radiation. In contrast, at different locations along the boundary, the 
currents will be asynchronous, leading to the minimum degree of radiation. Figure 
10(a) and 10(b)  show the spatial arrangement of electric and magnetic fields on ERPA 
at the resonance frequencies of 7.56 GHz and 8.71 GHz for Design (1) and Design (2), 
respectively. Heightened fluctuations in the electric and magnetic fields will result in 
an impact on the surface. 
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a b 

Figure 9: Surface Currents on the Recommended Antenna at Its Resonance Frequencies. 
The Currents are Shown for Two Different Designs: Design (1) and Design (2). 

  
a b 

  
c b 

Figure 10: The Magnetic (H) and the Electric (E) Fields on the Patch of an ERPA 
Antenna for Two Different Designs: Design (1) and Design (2). 
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4. Conclusion 

This study demonstrates that the proposed antenna, equipped with an ERPA and 
loaded circular slot, is well-suited for X-band applications. The choice of substrate 
significantly impacts antenna performance, affecting characteristics such as 
bandwidth, return loss, and radiation efficiency. Higher dielectric constants negatively 
affect both bandwidth and radiation efficiency. Both antennas showed excellent 
performance with wide bandwidth. Design (1) and Design (2) achieved efficiencies of 
60.13% and 61.51%, respectively. Design (2) (RT-5880) is thus more suitable for X-
band applications. The developed antenna is applicable in vast fields of practical 
wireless and many other engineering applications where a minimum frequency of 2 
GHz and a reflection coefficient less than -10 dB are required. 

4.1 Study Limitations and Implications  

In this study, the comparison took place only between two substrate material (FR4 
and RT5880), thus making it less generalizability of findings across a broader range of 
materials. The focus on X-band applications limits insights into how antenna 
performance might vary at different frequency ranges. Moreover, static simulation 
conditions used may not fully reflect dynamic real-world operational environments, 
which may impact the accuracy of performance predictions. The findings highlight the 
critical role of substrate material selection in optimizing antenna performance for X-
band applications, suggesting potential improvements in future antenna designs by 
focusing on materials with favourable dielectric properties. The developed antenna 
configurations, particularly with RT5880 substrate, demonstrate promising efficiency 
and bandwidth characteristics suitable for radar systems, military applications, 
satellite communications, and beyond, indicating practical implications for advancing 
wireless communication engineering technologies. 

4.2 Future Research Directions  

The future research directions involve the integration of the device with advanced 
materials that will improve the antenna's performance and provide more efficient 
bandwidth. Moreover, advanced beamforming algorithms and beam steering 
techniques should be considered for further enhancement of the antenna's radiation 
pattern in operational design. Additionally, efforts should be made to miniaturize it 
for integration into smaller and more compact devices.  
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