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Abstract--- This study analyzes the circular and square array antennas for 2.5 GHz. It highlights the consequences of the antenna design parameters on return loss with respect to transmission and reception efficiency. Circular antennas promise better performance due to their omnidirectional radiation pattern, while square array antennas are used due to their geometric configuration. Current methodologies for performance analysis of antennas have a discrepancy in the form and combination of antennas due to the lack of systematic approaches for comparison. Classical approaches or simplified numerical simulations may fail to account for complicated interactions of electromagnetics and geometry on the antenna's performance. These issues are approached through Comparative Electromagnetic Simulation Analysis based on the Finite Element Method (FEM). The problem of dividing the work into parts allows better simulation of electromagnetic fields and antenna behavior. This enables the simulation of sophisticated circular and square array topologies and their interactions with electromagnetic waves. This framework uses FEM for better results on the return loss of the two types of antennas, along with the differences in performance. Subjecting both geometries to the same conditions guarantees unbiased comparison. The scenario confirmed that circular antennas outperform square array antennas in return loss at 2.5 GHz. For these systems, this data improves the design of the communication system's antennas, which rely on minimal return loss and consistent signal reception due to the need for better system efficiencies.
Keywords--- Circular Antennas, Square Array Antennas, Return Loss, Electromagnetic Simulation, FEM, C, 2.5 GHz Frequency, Signal Transmission Efficiency.
I. INTRODUCTION
In present wireless communication systems, effective signal transmission and reception primarily rely on antenna design. As wireless devices and technologies proliferate, low-cost, small-sized antennas that are not only reasonably priced but also very effective across several operational frequencies are increasingly sought for. Among the many elements influencing antenna efficiency, return loss is one of the most significant ones showing the power lost by impedance mismatching between the antenna and the transmission line. A reduced return loss indicating a greater proportion of the input signal being radiated or transmitted efficiently defines reliable communication [1]. Microstrip antenna design generally uses geometric designs including circles and squares. As their symmetric and omnidirectional radiation characteristics meet those of applications seeking continuous coverage in all directions, more and more circular antennas are deployed [2]. On the other hand, their simple geometric structure and ease of integration into planar arrays allow somewhat general square array antennas [3]. While every design has some advantages, take into account the return loss performance of antennas in modern communication systems especially at a mid-range frequency like 2.5 GHz to guide their choice and optimization. 
Apart from other wireless communication applications, the 2.5 GHz frequency range covers the spectrum used for Wi-Fi, 4G LTE, and certain Internet of Things (IoT) devices. Hence, the performance of antennas in this spectrum determines exactly the reliability and efficiency of these systems [4]. Although both circular and square geometries are somewhat common, little study has been done on the effect of shape on electromagnetic performance—especially return loss. One of the main challenges of the method used to assess many antennas is related to traditional antenna performance evaluations derive from analytical models or simplified numerical techniques that ignore the complexity inherent in the electromagnetic behavior of various geometries. These limitations might result in false assessments, especially in connection to relatively different physical designs of antennas [5]. 
Moreover, basic modeling methods might overlook the intricate interactions of radiating components with the surroundings, edge diffraction, and surface current distribution. Results obtained using these techniques could therefore lack the consistency and resolution needed for precise engineering findings [6]. Cases such as return loss between circular and square array antennas amply illustrate this limit when performance enhancement is either geometric-sensitive or modest. An appropriate comparison study therefore relies on a more powerful and full simulation framework. Comparative Electromagnetic Simulation Analysis using FEM helps to solve this disparity [7]. FEM has developed into a robust numerical approach for difficult electromagnetic problems because to its versatility in handling changing geometries, homogeneous materials, and complex boundary conditions [8]. Unlike traditional methods, FEM discretizes the problem region into smaller finite elements thereby allowing an accurate and localized examination of field distribution and impedance characteristics [9]. This permits the exact simulation of both circular and square antenna topologies as well as the minor geometric factors strongly influencing return loss behavior [10]. 
By allowing the replication of the antennas under similar operational and environmental conditions, FEM offers a fair and controlled comparison [11]. Eliminating variation pushed forward by outside events isolates the effect of geometry on return loss [12]. Moreover, FEM may define higher-order modes and complex current courses, therefore providing a more realistic picture of the interactions between all types of antenna type and electromagnetic waves at 2.5 GHz. This study aims to estimate the differences in return loss performance between circular and square array antennas thereby providing designers with relevant information for optimal antenna design in communication systems [13]. The research demonstrates that circular antennas usually exhibit greater return loss performance via exact modeling and analysis under comparable test conditions. This understanding is particularly useful for applications requiring the lowest signal reflection and best transmission efficiency [14] [15]. 
At last, the submitted work overcomes the information gap in comparative antenna performance analysis by using the accuracy and flexibility of FEM. Focusing on return loss at a basic operating frequency and isolating the effects of form, this paper presents significant new methods on antenna engineering. The findings not only elucidate geometric features influencing antenna behavior but also direct the building of more efficient antennas for future generation wireless systems [16].
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
II. RELATED WORK
Development of wireless communication has inspired tiny, efficient, capable of supporting multiband and high-frequency operations advanced antenna designs. Mostly meeting these objectives is ground structure and feeding techniques development as well as circular and array-based microstrip antennas. Particularly at ISM and 5G frequencies, increasing device density and spectrum congestion demand a major focus on decreasing return loss, gain, bandwidth, and diversity factors using detailed modeling tools and optimization approaches.

Multiband Circular Microstrip Antenna Array (MCMAA)
Specifically for ISM, WLAN, and WiMAX applications, this study offers a multiband circular microstrip antenna for wireless communications. Running at 2.4 GHz, 5.2 GHz, 6.5 GHz, and 7 GHz the antenna tackles bandwidth constraints and frequency congestion in the ISM band. Built on the transmission line model and evaluated using CST Studio using the FIT, the antenna achieves a combined bandwidth of 710 MHz [17]. Providing a combination between gain, bandwidth, and multiband functioning across highly used communication frequencies, it meets the requirements for tiny, light, and efficient antennas in portable wireless devices [18]. 
High-Gain Circular Patch MIMO Antenna with DGS (HGC-MIMO-DGS)
This study proposes a compact, high-gain four-port MIMO antenna combining Defective Ground Structure (DGS) and circular patch components improved during three design stages. Design targets L, S, C, and X bands on FR4 substrate. Attaching at 2.02 GHz, 5.87 GHz, and 11.19 GHz it has a peak bandwidth of 3.94 GHz and gain up to 10.03 dBi. Performance is evaluated using key diversity criteria like ECC, TARC, and MEG thus proving the design's compatibility for WLAN, Wi-Fi, and 5G applications [19]. The compact structure is quite efficient for wireless systems requiring low-correlation MIMO antennas and multi-band.
Cross-Slot Fed Dielectric Resonator Antenna (CSF-DRA)
Targeting millimeter-wave 5G bands, this work provides a novel feeding method for dielectric resonator antennas (DRAs) using a circular metallic patch via a cross-slot aperture on the ground plane. Designed on ceramic and Duroid substrates, the antenna gains from 6.38 dB to 8.04 dB and displays 96% efficiency with 1.12 GHz bandwidth centered at 26 GHz. The cross-slot increases coupling, hence generating effective power radiation [20]. Improved slot width match impedance. At millimeter-wave frequencies, the proposed design offers compact size, high gain, and exceptional radiation qualities, thus appropriate for indoor small cell applications in 5G networks [21].
Circularly Polarized mmWave Phased Array Antenna            (CP-MMPAA)
This study proposes a tiny mmWave phased array antenna for beam scanning with circular polarization (CP) at minimal cost [22]. Built operating at 27.5 GHz with a           4-element circular loop phased array using a corporate feed and transmission line delay for beam steering. Stretching the CP bandwidth by concentric parasitic open loops enables LHCP across a 50° scanning range. The design gets an axial ratio smaller than 3 dB, peak gain of 11 dBic, and above 85% efficiency. Designed prototypes closely match calculations, so this antenna is very suitable for usage in satellite and wireless communication needing efficient CP performance at mmWave frequencies.


Table 1: The Comparison of Exiting Methods
	S. No
	Methods
	Advantages
	Limitations

	1
	MCMAA
	Supports multiband operation (ISM, 5, 6, 7 GHz), compact design, good bandwidth
	Limited gain and directivity in higher frequency bands

	2
	HGC-MIMO-DGS
	High gain, multi-band support, low ECC, compact MIMO structure
	Complexity in DGS optimization and mutual coupling control

	3
	CSF-DRA
	High gain (8.04 dB), high efficiency (96%), suitable for 5G mmWave
	Requires precise fabrication; sensitive to slot alignment and material loss

	4
	CP-MMPAA
	Wide beam scanning, circular polarization, compact size, high efficiency
	Limited to specific scanning angle range; phase shifter complexity


Highlights in this review are modern antenna designs including circularly polarized mmWave phased arrays, dielectric resonator antennas utilizing cross-slot feeds, high-gain MIMO systems with DGS, and multiband microstrip arrays. Aiming for important communication bands ranging from ISM to millimeter-wave frequencies, these advances provide improved radiation efficiency, bandwidth, gain, and return loss. Restricted simulation tools prove the effectiveness of any design. These techniques used together address challenges in modern wireless systems, assuring low interference, compact size, and outstanding performance for usage like satellite communications, 5G, Wi-Fi, WLAN, and Bluetooth.
III. PROPOSED METHOD
This paper uses electromagnetic models to compare circular and square array antennas at 2.5 GHz. The FEM precisely simulates antenna behaviors and assesses return loss, therefore offering information on which design offers optimal efficiency and signal transmissions.
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Figure 1: Antenna Design and Simulation Setup
Figure 1 shows the first phase of the research wherein designs for both square and circular array antennas are generated. The method starts with establishing the antenna shapes; the operational frequency to be 2.5 GHz comes second. Thus, changing the simulation settings will help to guarantee suitable modeling of electromagnetic activity. Using the finite element technique (FEM), which discretizes the geometries and prepares them for the electromagnetic simulation, models the antenna structures at last. This configuration provides the basis for investigating antenna performance and features in next phases of the investigation. 

Equation (1) seems to be a mathematical statement of a complicated connection involving wave propagation constants in nature, surface conductivity, which range and quality variables () pertinent to antenna performance.
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Figure 2: Electromagnetic Simulation Process Using FEM
Figures 2 show characteristics of FEM-based electromagnetic modeling methods. First defining of the simulation domain helps one to break the geometries of both antenna designs into smaller finite components, therefore enabling a more exact computation of the electromagnetic fields. The models are then given excitation sources and boundary conditions, under real-world settings. Using the FEM solver after the setup is finished solves the field equations, therefore allowing the calculation of important parameters like return loss. Especially with regard to signal transmissions efficiency, this modeling approach assists one to grasp how each antenna design would operate under certain situations.

Combining geometric criteria, Bessel work , and angular-dependent the floor conductivity consequences , equation (2) appears to quantify the spectrum's reaction ). The equation 2 probably controlsto incident fields, interactions in return loss.
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Figure 3: Performance Comparison and Analysis
Figure 3 lists the many phases of the performance comparison among the studies. Extracted after the simulation is the square and circular antenna return loss. These values then be evaluated in relation to ascertain if antenna design shows more signal efficiency and return loss. By means of the analysis of the efficiency and effectiveness of both designs, the research may determine if one is better than the other. Particularly in communication systems where best signal reception and transmission depend on lowering return loss, this study offers useful information for antenna design and optimization. 

Equation (3) arises when surface current increase  influences  and spread constants . This equation facilitates modeling of the loss of return sensitivity to structural stability and gain changes in the FEM-based technique.
Square and circular array antennas are reproduced under FEM with an eye on performance efficiency and return loss. By means of critical metric extraction and analysis, it finds, at 2.5 GHz, circular antennas generally provide superior signal transmissions and reduced return loss between the two designs.
IV. RESULT AND DISCUSSION
Effective wireless communication systems especially at important frequencies like 2.5 GHz depend on exact measurement of antenna performance. By means of comparison of circular and square antenna arrays, this work investigates signal stability, bandwidth, and return loss using the FEM. Here the motive is knowledge of how antenna shape impacts signal efficiency. By means of thorough simulations, this study seeks to expose which structure provides higher performance, thus helping designers in choosing appropriate antenna forms for low-loss, high-performance communication situations.
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Figure 4: Analysis of stable signal reception
Figure 4 shows at 2.5 GHz consistent signal reception for both circular and square antenna arrays. The shown circular antenna was able to provide more consistent signal performance by means of FEM-based simulation. Calculating stability in signal reception for the circular antenna, the result was 94.71%, far greater than the square array equivalent. The symmetric shape of the circular antenna provides consistent radiation and little reflection loss, hence explaining this improved performance. The findings verify the efficiency of the circular antenna in preserving signal integrity under different environments, therefore qualifying it for use in high-reliable communication. 

Equation (4) models the normalized quality factor  by incorporating material properties , hyperbolic effects from geometry and surface conductivity , and weighted structural contributions on analysis of stable signal reception.
Table 2: Return Loss Comparison at 2.5 GHz
	Antenna Type
	Return Loss (dB)
	Bandwidth (MHz)
	Signal Stability (%)

	Circular Antenna
	–24.35
	110
	94.71

	Square Array Antenna
	–18.12
	85
	88.50


Table 2 presents the circular and square array antenna performance at 2.5 GHz. We emphasis important statistics such signal reception stability, bandwidth, and return loss. With a reduced return loss of –24.35 dB and increased signal stability of 94.71%, the circular antenna performs better assuming better impedance matching and less power reflection. Still somewhat useful, the square array antenna has quite poor performance. This analogy confirms the extent of efficiency with which circular structure improves wireless communication.

Integrating spatial variables alongside propagation constants and unpredictable gain terms like , and , equation (5) defines the three-dimensional field interaction works  on return loss comparison.
Table 3: FEM Simulation Parameters and Results
	Parameter
	Circular Antenna
	Square Array Antenna
	Simulation Tool

	Operating Frequency (GHz)
	2.5
	2.5
	FEM (via CST Studio)

	Mesh Elements Used
	89,500
	86,700
	FEM

	Radiation Pattern Type
	Omnidirectional
	Directional
	FEM

	Resonant Frequency Accuracy (%)
	98.6
	96.3
	FEM


Table 3 provides, using the Finite Element Method (FEM), the fundamental parameters and simulation results for both circular and square antennas. The table showing the modeling environment including the simulation tool and mesh element count uses CST Studio. It precisely relates geometrical patterns in radiation with resonance frequency. Higher precision reached by the circular antenna point and more constant omnidirectional radiation attest to the strength of FEM in analyzing complicated antenna geometries and verifying the benefits of circular designs in signal performance. 
By means of return loss, bandwidth, and signal stability at 2.5 GHz, the FEM-based comparison study validates that circular antennas outperform square arrays. Table 1 underscores their modeling accuracy and efficiency; Table 2 shows better impedance matching and less reflection in circular designs. Circular antennas are more durable in wireless communication with 94.71% signal stability and –24.35 dB return loss. Engineers seeking mid-frequency high-efficiency antenna systems will find obvious design lessons from this study.
V. CONCLUSION
This study evaluates square and circular antenna arrays operating at 2.5 GHz stressing return loss and overall performance using the FEM. Research indicates that antenna geometry significantly affects signal stability, bandwidth, and return loss. Simulations under similar environmental conditions show circular antennas often beating square arrays with a reduced return loss of -24.35 dB and higher signal stability at 94.71%. Apart from offering a higher bandwidth and more constant emission, the circular shape is more compatible for modern wireless communication systems that give least signal reflection and top relevance. The dependability of the simulation framework on FEM ensures appropriate modeling of complex geometries and electromagnetic phenomena, therefore enabling dependability of performance evaluation. These findings confirm by means of modern modeling techniques and ideal antenna shape to improve transmission efficiency. Particularly for usage like 2.5 GHz Wi-Fi, LTE, and Internet of Things devices, the results provide specialists working on communication systems and antenna design important knowledge. At conclusion, our research confirms the theory that circular forms are the ideal implementation of low-loss, high-efficiency antennas. 
Future Work will extend this comparative approach to multiband and MIMO antenna designs using a frequency range encompassing 5 GHz and millimeter-wave bands. Physical prototypes and actual measurements will give experimental validation, thereby improving the outcomes. Analyzing the integration of circular arrays with reconfigurable or adaptive components might help to enhance the dynamic performance of smart communication systems even further. Future studies should mainly focus on how performance is affected by substrate properties and material selection.
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