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	Abstract 
[bookmark: _Hlk198712710][bookmark: _Hlk198712026]This study focused on enhancing a microstrip antenna's bandwidth operating at 3.5 GHz by incorporating a dumbbell-shaped defected ground structure (DGS). Microstrip antennas are widely used in modern communication systems due to their compact size and low profile, but they typically suffer from narrow bandwidth. To overcome this limitation, the antenna is designed using a Rogers RT5880 substrate (εr = 2.2, thickness = 1.575 mm) and simulated using HFSS 15.0 software. Without the DGS, the antenna exhibits a fractional bandwidth (FBW) of only 1.71%, operating from 3.47 GHz to 3.53 GHz. Including the dumbbell-shaped DGS, the FBW significantly increases to 53.60%, extending the operating range from 2.39 GHz to 4.14 GHz. This substantial improvement is achieved through careful optimization of the DGS parameters. The key contributions of this work are the significant enhancement of FBW and the systematic DGS optimization, resulting in superior antenna performance compared to conventional techniques such as split ring resonators (SRR) and Butler matrix (BM) configurations. Simulation and measurement results show excellent agreement, validating the proposed design. The achieved wideband performance is particularly advantageous for 5G and next-generation communication technologies, offering greater frequency tolerance, support for diverse signal types, increased system capacity, and reliable performance, making the proposed antenna a strong candidate for future wireless applications.
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INTRODUCTION 
The advent of 5G technology in Indonesia signifies a major advancement in telecommunications, providing enhanced bandwidth and connectivity for various applications. Research on bandwidth enhancement techniques, such as those using DGS in antenna design, has shown significant performance improvements, particularly in supporting high-frequency applications like high-quality video streaming and the Internet of Things (IoT)​. These advancements ensure more efficient and reliable real-time connections, paving the way for innovative wireless communication solutions [1]. Microstrip antennas are widely utilized in wireless communications due to their compact size and cost effective production [2]. However, conventional microstrip antennas  often suffer from limitations such as narrow impedance bandwidth and single frequency operation, which restrict their applicability in modern telecommunications [3]​ [4].  To overcome these issues, various bandwidth enhancement techniques have been explored, including the integration of DGS. Research has demonstrated that DGS can significantly improve impedance bandwidth, making microstrip antennas more suitable for advanced wireless applications [5] [6] [7] [8]. 
[bookmark: _Hlk190784013]This method involves introducing specific defects in the ground plane, which can take different forms such as rectangular, circular, I-shaped, E-shaped, and other geometries​. Research has shown that implementing DGS can effectively improve impedance bandwidth, reduce mutual coupling, and enhance radiation characteristics, making it a valuable approach for modern wireless communication systems [10].
[bookmark: _Hlk175669118]The primary objective in microstrip antenna design is to enhance bandwidth, a critical factor for efficient wireless communication​. With its high design flexibility and the ability to integrate various resonance modes, DGS has emerged as a preferred approach in modern antenna engineering, enabling better efficiency and adaptability for advanced communication systems [11]. 
The FBW is a crucial parameter in microstrip antennas as it defines the operational frequency range and determines the antenna's adaptability in handling multiple frequency bands. Enhancing FBW is essential for improving antenna performance, particularly in modern communication systems that require wideband operation [12]. 
Previous research has explored the use of magneto-dielectric (MD) materials, such as FR4  and Rogers RT6006, in combination with advanced resonance techniques to enhance bandwidth​. This approach has successfully achieved a significant increase in FBW, ranging from 10% to 48.67%, demonstrating its effectiveness in improving antenna performance. MD materials provide stable performance because they are homogeneous, while DGS is highly sensitive to the dimensions and patterns of the DGS​. However, despite these advantages, the design process remains complex, requiring precise material selection and structural optimization to achieve the desired bandwidth enhancement [13] [14] ​.
Research utilizing FR4 and Rogers RO4003C substrates, combined with advanced techniques such as the Butler Matrix (BM) method, has shown an improvement in FBW, ranging from 15.83% to 18.46%​. The BM provides precise control over the phase and amplitude distribution of signals, which is essential in phased array systems. In contrast, DGS does not offer this feature due to its passive and structural nature. While this approach enhances antenna performance, the overall bandwidth improvement remains relatively modest​. Additionally, the design process is complex, requiring precise structural and material optimizations to achieve effective bandwidth enhancement [15].
Research utilizing the parasitic element method  involved designing and testing two multiple input multiple multiple-output (MIMO) antennas coupled in the H and E planes to validate the proposed concept​ [16]. The parasitic element method is highly effective in enhancing isolation between antenna elements, especially in MIMO configurations. This is difficult to achieve with DGS, which primarily focuses on impedance tuning or bandwidth enhancement. Measurement results indicated that both designs achieved a fractional bandwidth of 14%, operating within the frequency range of 5.0 to 5.8 GHz​. However, despite the successful implementation, the overall bandwidth improvement remains relatively limited, highlighting the need for further optimization in antenna design​.
Research utilizing the hybrid method with DGS at frequencies ranging from 2.47 GHz to 10 GHz has achieved FBW between 3.98% and 14.83%​. The combination of multiple techniques in the hybrid method allows designers to overcome the individual limitations of DGS and tailor antenna performance to meet specific requirements [17] [18] [19] [20] [21]. Additionally, studies incorporating multi-walled carbon nanotube (MWCNT) substrates have demonstrated an FBW of up to 30%, showcasing potential improvements in antenna performance​. However, despite these advancements, the bandwidth enhancement remains relatively modest, and the design process involves a moderate level of complexity​.
Research explored the application of the DGS method to enhance antenna performance, successfully achieving a FBW ranging from 5.09% to 38% across frequencies between 2.4 GHz and 40.9 GHz. While these advancements show promise, the results remain suboptimal when considering the designs implemented. The limitations in performance suggest that further optimization and refinement of the designs are necessary to fully capitalize on the potential of the DGS method [22]  [23] [24] [25].
Based on previous research, a microstrip antenna operating at 3.5 GHz for 5G applications has been proposed, utilizing the DGS method to enhance performance. The DGS dumbbell technique is specifically employed to broaden the antenna's bandwidth, addressing limitations identified in earlier studies. This research encompasses the entire process of planning, fabrication, and measurement of the antenna to evaluate its performance and validate the effectiveness of the DGS approach​.
During the antenna design phase, HFSS 15.0 software is utilized for simulations, comparing a conventional microstrip antenna without DGS to a microstrip antenna incorporating DGS. Microstrip antennas are known for their simplicity but often suffer from narrow bandwidth, which this study aims to address. The research focuses on how a dumbbell-shaped DGS can effectively enhance the bandwidth of microstrip antennas operating at 3.5 GHz. The researchers' work builds on previous studies and seeks to improve results in broadening the bandwidth of microstrip antennas by implementing the dumbbell-shaped DGS​.
The following are our contributions:
1. Previous studies identified the challenge of narrow bandwidth in conventional microstrip antennas. We developed a microstrip antenna design that incorporates a dumbbell-shaped DGS to expand the antenna's bandwidth, specifically at 3.5 GHz for 5G applications. Simulation results show that the use of the dumbbell DGS successfully increased the FBW from 1.71% to 53.60%, which is much higher than the conventional design. This improvement demonstrates that DGS can overcome the narrow bandwidth issue and provide better performance for modern communication applications.
2. We performed optimization of the DGS design parameters, such as the length, width, and height of the dumbbell, to achieve optimal performance in terms of reducing the S11 value and expanding the bandwidth. The optimization results indicate that a dumbbell length of 40 mm, width of 2 mm, and height of 8 mm deliver the best performance, with the lowest S11 value of -33.68 dB and FBW reaching 53.60%. This contribution provides more precise guidelines for designing microstrip antennas with DGS and optimizing their performance for 5G applications.

Material
The microstrip antenna designed in this research uses the Rogers RT5880 substrate, which has a thickness of 1.575 mm and a permittivity of 2.2, offering excellent characteristics for antenna performance. Conventional techniques for enhancing bandwidth, such as SRR, BM, and parasitic elements, are often employed in antenna design. However, these methods tend to offer only marginal improvements or require complex designs, which can limit their practical applicability​.
Previous studies on microstrip antennas with DGS have often failed to fully exploit the potential of specific configurations, such as dumbbell-shaped structures, leaving room for further optimization, especially at 3.5 GHz for 5G applications. This research applies established electromagnetic theory to achieve significant performance improvements, which are rigorously validated through both simulation and measurement. The goal of this study is to design and validate a microstrip antenna with enhanced bandwidth at 3.5 GHz, making it suitable for modern 5G applications, particularly in Indonesia [26] [27] ​.

Conventional Antenna Design
In the initial stage, a conventional antenna design is developed to understand the basic characteristics of microstrip antennas without any additional modifications. This stage involves discussing the conventional antenna design process, focusing on its fundamental design principles and parameters. The performance results from this design are evaluated and used as a reference for subsequent stages of modification aimed at improving antenna performance​.
Figure 1 illustrates the basic design of the microstrip antenna without any additional modifications. This initial design serves as a reference point for evaluating the antenna's performance before any changes are made. Figure 2 presents the frequency performance, as shown by the S11 graph, covering a frequency range of 3.47–3.53 GHz. The graph highlights a main resonant point near 3.5 GHz, where the S11 value is notably low, around -22 dB. This low S11 value indicates that most of the RF (Radio Frequency) power is successfully received by the antenna, with minimal reflection​.

[image: ]
[bookmark: _Toc174887100][bookmark: _Toc174887209]Figure 1 Conventional Antenna Design W = 34 mm, L = 28 mm, W1 = 11.75 mm, Lf = 8.2 mm, Gp = 3 mm, Lt = 19.2 mm, Wt = 4.5 mm
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[bookmark: _Toc174887101][bookmark: _Toc174887210]Figure 2 Simulation Results of Conventional Antenna

Microstrip Antenna Design with dumbbell DGS
Figure 3 displays a microstrip antenna designed with a dumbbell-shaped DGS. The figure shows three different antenna designs, each incorporating a varying number of dumbbells. Antenna 1 includes a single dumbbell, Antenna 2 features two dumbbells, and Antenna 3 incorporates three dumbbells. Each design represents a step toward enhancing the antenna's bandwidth through the strategic placement of the dumbbell-shaped DGS​.
[bookmark: _Toc174887102][bookmark: _Toc174887211][image: ]
Figure 3 Microstrip Antenna with Dumbbell DGS 
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[bookmark: _Toc174887103][bookmark: _Toc174887212]Figure 4 Comparison Graph of Microstrip Antenna Simulation Results with Dumbbell DGS
Figure 4 presents the parameter results for S11 and FBW for each antenna design. Antenna 1, featuring one dumbbell, has an S11 of -16.65 dB and an FBW of 31.35% (2.69 – 3.69 GHz). Antenna 2, with two dumbbells, shows improved performance, achieving an S11 of -30.87 dB and an FBW of 47.47% (2.41 – 3.91 GHz). Meanwhile, Antenna 3, incorporating three dumbbells, has the lowest S11 of -33.68 dB and the highest FBW of 53.60% (2.39 – 4.14 GHz). This data suggests that increasing the number of dumbbells results in better antenna performance, particularly in terms of fractional bandwidth​.
Antenna Design Optimization
The next stage involves antenna design optimization to achieve optimal bandwidth results. Figure 5 illustrates the parameters of the dumbbell that will be optimized. The parameters, including Hw = 4.5 mm, Ht = 8 mm, Wd = 2 mm, Ld = 40 mm, and pd = 9 mm, will be adjusted to determine the best configuration for improving the antenna's performance and maximizing bandwidth​.
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[bookmark: _Toc174887108][bookmark: _Toc174887217]Figure 5 Parameter dumbbell
RESULTS AND DISCUSSION
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[bookmark: _Toc174990239]Figure 6 Graph S11 Comparison of Ld
Figure 6 shows the effect of resizing the Ld parameter, presenting the relationship between the S11 parameter and frequency for three different dumbbell lengths Ld = 36 mm, Ld = 38 mm, and Ld = 40 mm. In this experiment, only the Ld parameter is altered, while all other parameters remain fixed. This allows for the observation of how changes in the dumbbell length influence the antenna's performance, particularly its S11 and frequency response​.
Table 1 shows that increasing the length of the dumbbell from 36 mm to 40 mm results in a significant improvement in antenna performance, specifically in terms of the minimum S11 value. The configuration with Ld = 36 mm yields a minimum S11 value of -18.02 dB, while Ld = 38 mm achieves -30.87 dB, and Ld = 40 mm gives the lowest minimum S11 value of -33.68 dB. This data indicates that increasing the length of the dumbbell leads to a more significant reduction in the S11 value, reflecting an improvement in the antenna's reflection performance at the desired frequency​.
In addition, in terms of FBW, it can be observed that increasing the dumbbell length also positively impacts the effective bandwidth. The Ld = 36 mm configuration results in an FBW of 29.03%, while Ld = 38 mm achieves an FBW of 34.93%, and Ld = 40 mm shows the largest FBW of 53.60%. This indicates that a larger dumbbell length not only improves the S11 performance but also expands the operational bandwidth, enhancing the overall antenna efficiency​.
[bookmark: _Toc174887435][bookmark: _Toc174990161]

Table 1 Simulation result of dumbbell length, Ld
	PARAMETER
	S11
	BW (GHz)
	FBW%

	Ld = 36 mm
	-18.02 dB
	3.18 – 4.26
	29.03 

	Ld = 38 mm
	-30.87 dB
	2.93 – 4.17
	34.93 

	Ld = 40 mm
	-33.68 dB
	2.39 – 4.14
	53.60 
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[bookmark: _Toc174990240]Figure 7  Graph S11 Comparison of Ht
Figure 7 shows the relationship between the S11 parameter and frequency for three variations of height Ht (in mm), namely Ht = 6.5 mm, Ht = 8 mm, and Ht = 9.5 mm. In this case, the Ht parameter is altered while all other parameters remain unchanged. This allows for the observation of how changes in the thickness of the dumbbell affect the antenna's performance, specifically its S11 value and frequency response​.
Table 2 summarizes the minimum S11 and FBW values for each variation in the Ht height. In terms of FBW, the values remain relatively stable within a high range across all Ht variations. At Ht = 6.5 mm, the FBW was recorded at 52.54%, at Ht = 8 mm, the FBW slightly increased to 53.60%, and at Ht = 9.5 mm, the FBW decreased to 52.34%. This data suggests that changes in the Ht height do not significantly impact the effective bandwidth, indicating a stable performance across different height configurations​.

Table 2 Simulation result of dumbbell thickness, Ht
	PARAMETER
	S11
	BW (GHz)
	FBW%

	Ht = 6.5 mm
	-27.57 dB
	2.37 – 4.05
	52.54 

	Ht = 8 mm
	-33.68 dB
	2.39 – 4.14
	53.60 

	Ht = 9.5 mm
	-38.49 dB
	2.39 – 4.14
	52.34 
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[bookmark: _Toc174990241]Figure 8 Graph S11 Comparison of Hw
Figure 8 shows that increasing the Hw width from 3.5 mm to 4.5 mm results in a significant decrease in the S11 value. At Hw = 3.5 mm, the minimum S11 value achieved is -20.74 dB, while at Hw = 4 mm, the minimum S11 value drops to -28.29 dB, and at Hw = 4.5 mm, the minimum S11 value reaches -33.68 dB. This indicates that increasing the Hw width improves the antenna's performance by lowering the S11 value, reflecting better reflection efficiency at the given frequency​.
Table 3 summarizes the minimum S11 values and the FBW obtained for simulation results of dumbbell width (Hw). In addition, it can be observed that increasing the Hw also positively impacts the effective bandwidth. At Hw = 3.5 mm, the FBW is recorded at 37.18%, while at Hw = 4 mm, the FBW increases to 49.48%, and at Hw = 4.5 mm, it reaches 53.60%. This indicates that a larger Hw width not only improves the S11 performance but also broadens the operational bandwidth, making the antenna more efficient across a wider frequency range​.
Figure 9 shows the relationship between the S11 parameter and frequency for three variations of Wd width, namely Wd = 1 mm, Wd = 2 mm, and Wd = 3 mm. In this case, the Wd parameter is altered while all other parameters remain fixed. This allows for the analysis of how changing the Wd affects the antenna's performance, specifically its S11 value and frequency response.

	PARAMETER
	S11
	BW (GHz)
	FBW%

	Hw = 3.5 mm
	-20.74 dB
	2.89 – 4.21
	37.18 

	Hw = 4 mm
	-28.29 dB
	2.54 – 4.21
	49.48 

	Hw = 4.5 mm
	-33.68 dB
	2.39 – 4.14
	53.60 


Table 3 Simulation result of dumbbell width, Hw

​ [image: ]
Figure 9 Graph S11 Comparison of Wd
Based on Figure 9, it can be observed that increasing the Wd width from 1 mm to 3 mm results in a reduction in the S11 value. When Wd = 1 mm, the minimum S11 value is -14.86 dB, whereas at Wd = 2 mm, the minimum S11 value decreases to -33.68 dB, and at Wd = 3 mm, it reaches -23.15 dB. This indicates that the most optimal performance is achieved at Wd = 2 mm, where the lowest S11 value is observed, reflecting improved reflection efficiency at the desired frequency​.
The minimum S11 and FBW values for simulation results of dumbbell width (Wd) are summarized in Table 4. In terms of the effective bandwidth FBW, it is evident that the Wd width plays a crucial role. At Wd = 1 mm, the FBW was recorded at 45.18%, while at Wd = 2 mm, the FBW increased to 53.60%. However, at Wd = 3 mm, the FBW decreased to 44.57%, showing that a larger Wd width does not necessarily lead to better results. This suggests that while increasing Wd can enhance FBW up to a certain point, beyond that, the performance may degrade.
Table 4 Simulation result of dumbbell width handle, Wd
	PARAMETER
	S11
	BW (GHz)
	FBW%

	Wd = 1 mm
	-14.86 dB
	2.33 – 3.69
	45.18 

	Wd = 2 mm
	-33.68 dB
	2.39 – 4.14
	53.60 

	Wd = 3 mm
	-23.15 dB
	2.72 – 4.28
	44.57 




[image: ]
[bookmark: _Toc174990242]Figure 10 Graph S11 Comparison of pd
Figure 10 shows the relationship between the S11 parameter and frequency for three variations of pd variabels, pd = 8 mm, pd = 9 mm, and pd = 10 mm. Increasing the pd spacing from 8 mm to 9 mm leads to a significant improvement in performance, particularly in reducing the S11 value. At pd = 8 mm, the minimum S11 value is recorded at -16.90 dB. However, when the pd spacing is increased to 
[bookmark: _Toc174887438][bookmark: _Toc174990164]9 mm, the minimum S11 value drops considerably to -33.68 dB, indicating a substantial improvement in impedance matching. On the other hand, when the pd spacing is further increased to 10 mm, the minimum S11 value rises slightly to -24.90 dB, suggesting that the optimal pd spacing for the lowest S11 value occurs at pd = 9 mm, reflecting the best reflection efficiency at the given frequency.
Table 5 summarizes the minimum S11 values and FBW for each variation of the pd spacing. In terms of FBW, all pd variable variations exhibit strong performance, with FBW values exceeding 50%. At pd = 8 mm, the FBW is recorded at 50.86%, while at pd = 9 mm, the FBW increases to 53.60%. At pd = 10 mm, the FBW slightly decreases to 52.01%. This indicates that the variation in pd spacing influences the effective bandwidth, with pd = 9 mm yielding the optimal performance.
Table 5 Simulation result of the two dumbbells distance, pd
	PARAMETER
	S11
	BW (GHz
	FBW%

	pd = 8 mm
	-16.90 dB
	2.39 – 4.02
	50.86 

	pd = 9 mm
	-33.68 dB
	2.39 – 4.14
	53.60 

	pd = 10 mm
	-24.90 dB
	2.39 – 4.07
	52.01 



[image: ]
[bookmark: _Toc174990243]Figure 11 Graph S11 Comparison Without DGS and With DGS 
[bookmark: _Toc174990165]Figure 11 presents a comparison of the S11 parameter between the antenna using DGS and the antenna without DGS. As observed, the antenna with DGS (represented by the red line) exhibits a minimum S11 value of -33.68 dB at a frequency around 3.5 GHz, which is significantly lower than the antenna without DGS (represented by the black line), which has an S11 value of -20.84 dB. This demonstrates that the implementation of DGS improves the antenna's performance by enhancing impedance matching, leading to a reduction in reflection values and thus improving the overall antenna efficiency​. 
Table 6 summarizes the S11 and FBW results for both the antenna with and without DGS. The antenna without DGS has an FBW of 1.71%, while the antenna with DGS shows a significant improvement, with an FBW of 53.60%. This indicates that the incorporation of DGS not only enhances the impedance matching but also significantly broadens the antenna's bandwidth, making it more efficient and capable of capturing a wider range of frequencies. The antenna with DGS, when configured with parameters Ld = 40 mm, Wd = 2 mm, Ht = 8 mm, Hw = 4.5 mm, Hs = 3 mm, and pd = 9 mm, demonstrates these notable improvements​.
Table 6 Parameter results without DGS and with DGS
	PARAMETER
	S11
	BW (GHz)
	FBW%

	Without DGS
	-20.84 dB
	3.47 – 3.53
	1.71 

	With DGS
	-33.68 dB
	2.39 – 4.14
	53.60 



[image: ]
Figure 12 Antenna Fabrication Results
Figure 12 presents the results of the fabricated antenna, which measures 50 mm by 50 mm. The fabrication results are in strong agreement with the simulation results, demonstrating the accuracy and reliability of the design process. The close match between the simulation and the fabricated antenna indicates that the fabrication was successful and the antenna performs as expected.
Figure 13 compares the simulation and measurement results for the S11 parameter across various frequencies. The red line represents the measurement results, while the dashed blue line represents the simulation results. The comparison demonstrates a good agreement between the simulated and measured S11 values, indicating that the antenna performs as expected and that the simulation accurately predicts the antenna's real-world behavior​.
Table 7 summarizes the comparison of the minimum S11 value and FBW between the simulation and measurement results. The simulation results show an FBW of 53.60%, which is slightly higher than the measurement results, which show an FBW of 51.43%. This indicates that the simulation tends to predict a slightly broader effective bandwidth compared to the actual measurement results, suggesting a minor discrepancy between the simulated and real-world performance​.
[image: ]
[bookmark: _Toc174990244]Figure 13 Graph S11 Comparison of Simulation and Measurement
[bookmark: _Toc174887439][bookmark: _Toc174990166]Table 7 Parameter Results Simulation and Measurement
	PARAMETER
	S11
	BW (GHz
	FBW%

	Simulation
	-33.68 dB
	2.39 – 4.14
	53.60 

	Measurement
	-27 dB
	2.6 – 4.4
	51.43 



Overall, despite the differences between the simulated and measured results, both show a consistent trend in the performance of the S11 parameter. The simulated results slightly outperform the measured results, showing a lower minimum reflection value and a wider bandwidth. These differences can be attributed to various factors, such as manufacturing tolerances, environmental conditions during measurement, or other factors not fully accounted for in the simulation, which may cause slight deviations between the predicted and actual antenna performance​.
Figure 14 shows the radiation pattern of the antenna compared between the measurement and simulation results. The radiation pattern is presented in the form of a polar diagram, where the blue line represents the measurement results, while the red line represents the simulation results. The figure shows a comparison between the simulated and measured radiation patterns of the antenna. The simulated pattern, represented by the blue dashed line, and the measured pattern, shown by the red solid line, display a similar overall shape, indicating consistency in the antenna's expected performance.

[image: ]
[bookmark: _Toc174990246]Figure 14 Comparison of simulated and measured Radiation Patterns




The main lobe direction aligns closely in both patterns, demonstrating good agreement in the antenna's primary radiation characteristics. However, there are noticeable deviations in the side lobes and minor variations in other regions, which suggest potential discrepancies caused by practical factors such as environmental influences, fabrication tolerances, or limitations in the measurement setup.
The measured pattern exhibits more irregularities compared to the smooth simulated curve. These irregularities are likely due to noise or interference during measurement. Despite these differences, the general agreement between simulation and measurement confirms the reliability of the antenna design and its ability to meet the intended specifications. 
Figure 15 illustrates the electric field (E-field) distribution around a particular structure at six different phases: 0°, 90°, 180°, and 360°. The colors in the figure represent the intensity of the electric field, with red indicating high field intensity and blue indicating low intensity. The electric field distribution at each phase reflects the variation in the resonance pattern, which contributes to the significant enhancement of the antenna's bandwidth performance. This highlights the importance of phase configuration and electric field distribution in designing antennas with improved bandwidth capabilities.

 [image: ]
[bookmark: _Toc174990247]Figure 15 E Field Simulation Results
The E-field distribution at phases 0° and 270° appears similar because these two phases are complementary within a full sinusoidal cycle. The electromagnetic wave's oscillation at these points results in a mirrored distribution of the field. This similarity occurs because the sine wave’s amplitude at 270° is a reflection of its amplitude at 0°, causing similar E-field patterns. At phases 90° and 180°, the E-field distribution differs due to the wave's oscillatory nature. At 90°, the electric field reaches its maximum positive amplitude, while at 180°, the field transitions to the opposite polarity (negative amplitude). This phase difference alters the way energy is distributed across the structure, resulting in variations in the field pattern. The regions with red coloration, indicating a high E-field intensity, are consistently located at the feeding point and the lower DGS area across all phases. 
This phenomenon occurs because the feeding point is the location where the input power is delivered to excite the antenna. This area naturally exhibits a high E-field intensity due to the concentration of electromagnetic energy required to drive the antenna. The DGS introduces localized perturbations in the current distribution, enhancing the field intensity at specific regions. 
The lower DGS acts as a resonating element, trapping and concentrating the electromagnetic energy. This effect is consistent across all phases because the DGS is designed to improve the antenna's performance by enhancing its radiation characteristics and impedance matching.

Table 8 Comparison of Journal Results
	Reff
	Freq GHz
	FBW%
	h (mm)
	Sub
	Method

	[6]
	6 
	48.67

	2.54
	RT6006
	
Split-Ring Resonator (SRR)

	[14]
	3.5 
	11.11
	1.6
	FR4
	

	[13]
	3.5 
	10
	1.575
	RT5880
	

	[19]
	10 
	30
	1,6
	FR4
	Slot patch and DGS

	[20]
	10 
	3.98
	1.57
	RT5880
	DGS and Perforated Patch Configuration

	[22]
	2.4 and 5 
	38 and 13
	1.5
	FR4
	








DGS

	[23]
	30.5 and 52.4 


	12.72 and 12.28


	0.508
	RT5880
	

	[25]
	2.4 
	12.08
	1.6
	FR4
	

	[9]
	28 
	10.53
	0.787
	RT5880
	

	This work
	3.5 
	53.60
	1.575
	RT5880
	




Table 8 provides a comparison of antenna designs utilizing DGS across several studies. A recent study by the researcher, using the Rogers RT5880 substrate with DGS, achieved a FBW of 53.60% (2.39 – 4.14 GHz), which is higher than previous studies, where FBW ranged from 10.53% to 48.67%. As indicated in Table 8, both the current study and previous research have explored antenna designs across various frequency ranges, all incorporating DGS to enhance antenna performance. However, there are notable differences in terms of fractional bandwidth, substrate thickness, and design methodologies, emphasizing the adaptability of antenna design and the impact of specific design parameters on the overall antenna characteristics.

Conclusion
This study successfully demonstrates that the use of the Defected Ground Structure (DGS) technique with a dumbbell shape on a microstrip antenna can significantly enhance the FBW of the antenna for 5G applications at a frequency of 3.5 GHz. The antenna designed with DGS on Rogers RT5880 with 1.575 mm substrate thickness achieves an FBW of 53.60%, which is much higher than that of previous studies, including conventional antennas with an FBW of approximately 2%. This improvement shows that the application of DGS can effectively widen the bandwidth, making the antenna more efficient and flexible.
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