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This work provides a complete approach for enhancing a design and performance of circular 

microstrip patch antennas with multiple inputs and outputs (MIMO) for use in Ultra-

Wideband (UWB) communication systems. The suggested approach combines Defected 

Ground Structure (DGS) and Aperture Coupling, two cutting-edge approaches, to provide the 

best possible antenna performance. Microstrip patch antennas can be excited for MIMO 

applications using an approach called aperture coupling. This methodology offers a 

comprehensive method for attaining better performance for UWB applications by addressing 

the difficulties present in MIMO systems and circular microstrip patch antennas. A microstrip 

patch antenna with aperture coupled feed line and Defected Ground Structures (DGS) is 

designed and simulated in this research. This work compares two antenna designs: one without 

DGS structure and the other with DGS. Antenna efficiency and bandwidth can be increased by 

manipulating the electromagnetic properties of ground plane through integration of DGS. The 

paper assesses a combined impact of these design elements on important antenna 

characteristics, such as diversity gain, return loss, gain, directivity, through in-depth analysis 

and experimentation. The results of this study make significant contribution to a field of 

antenna engineering by providing insightful information about intricate details of design 

required to create high-performance MIMO circular microstrip patch antennas that are 

specifically suited to the needs of contemporary UWB communication systems. The proposed 

method achieves 3.52 GHz of bandwidth at 5.68 GHz center frequency for without DGS while 

3.57 for with DGS and isolation is 23. 

Keywords: Ultra-Wideband (UWB), Defected Ground Structure (DGS), Multiple Inputs and 

Outputs (MIMO) 

 

INTRODUCTION 

Wireless communications have completely changed the way we live today, allowing us to stay connected on the go 

for everything from social media to accessing information [1]. However, traditional wireless techniques that rely on 

models often struggle to keep up with the growing demands of new applications, especially when it comes to low-

latency networks and complex communication settings [2,3]. Thanks to technological advancements, we can now 

generate and discover Terahertz (THz) radiation, which opens up exciting possibilities in fields like radio 

astronomy and medical imaging [4]. That said, rolling out commercial THz systems isn't without its hurdles, such 

as significant atmospheric interference and high path loss, which means we need powerful transmit and receive 

antennas [5].As the demand for wireless bandwidth continues to rise, research into massive MIMO technology has 

gained momentum. This technology is crucial for the next generation of networks because of its impressive spectral 

and energy efficiency [6]. Microstrip antennas are a popular choice in wireless communications, thanks to their 

straightforward design, lightweight nature, and cost-effectiveness [7,8]. The THz band shows great potential for 

secure and high-speed communication, but designing UWB antennas comes with its own set of challenges, 

particularly regarding bandwidth and gain limitations [9,10]. While conventional printed antennas tend to have 

narrow bandwidth and low gain, defected ground structures (DGS) provide a smart solution for minimizing mutual 

coupling and boosting antenna performance [11]. However, we need to be cautious, as DGS can sometimes lead to 

unwanted backward radiation that needs to be addressed [12]. 
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Ultra-wideband (UWB) technology is fantastic for high-speed data transmission, offering benefits like low power 

consumption, high data rates, and resistance to multipath interference, making it perfect for telecommunications 

and multimedia applications [13-15]. UWB systems do face a few hurdles, like standardization issues, managing 

interference, and the challenges of antenna design. The use of DGS in MIMO antennas has really boosted their 

performance by cutting down on mutual coupling, increasing bandwidth, and fine-tuning impedance matching. 

This makes them a great fit for the next wave of communication systems [16,17]. Studies have indicated that when 

you pair DGS with fractal and metamaterial designs, you can take antenna performance to the next level, especially 

for high-frequency applications like 5G and beyond [18]. Innovative DGS setups, such as slot-array structures and 

complementary split-ring resonators, have successfully minimized interference and enhanced gain characteristics 

across various fields, from biomedical systems to industrial communications [19-22]. Research in MIMO antenna 

technology is ongoing, with a focus on discovering new DGS configurations that can deliver even better 

performance in UWB applications. Techniques like substrate-integrated DGS and photonic bandgap structures are 

showing promise in cutting down interference and boosting radiation efficiency [23,24]. In the realm of millimeter-

wave and sub-6 GHz 5G applications, DGS has improved directivity and gain, which is essential for reliable high-

speed data transmission [25]. The push for miniaturized, high-efficiency MIMO antennas with DGS is vital to keep 

up with the rising demand for compact wireless devices [26]. 

In the end, incorporating DGS into circular microstrip patch MIMO antennas has been crucial for the progress of 

UWB communication systems. Looking ahead, research will aim to refine DGS configurations and hybrid design 

approaches to achieve better performance, less interference, and greater reliability in the next generation of 

wireless networks [27-30]. 

OBJECTIVES 

• Enhance the design and performance of MIMO circular microstrip patch antennas for use in UWB 

communication systems. 

• Improve antenna performance by combining DGS and aperture coupling techniques to increase diversity 

gain, bandwidth, and efficiency. 

• Optimize the ground plane and coupling slot parameters to increase antenna's gain, isolation, and 

efficiency. 

• This strategy contributes to the development of effective and small antenna configurations by providing an 

achievable method to implement MIMO systems using circular microstrip patch antennas. 

• Examine and verify the effects of aperture coupling and DGS on antenna characteristics like DG, ECC, gain, 

return loss, and directivity. 

The paper is organized as follows. An overview of MIMO circular microstrip patch antenna with aperture 

coupling and defective ground structure is given in Section 2. Section 3 explains the approach to improving 

antenna design. Section 4 presents the results of the proposed methodology and compares them with findings 

of other approaches that are currently in use. Section 5 contains paper's conclusion as well as some suggestions 

for additional research. 

METHODS 

1. Proposed Methodology 

This study presents a novel and innovative approach that significantly improves the performance of MIMO 

3x3 circular microstrip patch antenna designed for UWB applications. The aperture coupling feeding technique and 

the DGS are utilized to their full potential by this methodology. Antenna design has been completely transformed 

by feeding technique known as aperture coupling. The antenna can have wide impedance bandwidth, low cross-

polarization, high gain, and low back radiation due to aperture coupling technique. Additionally, it makes it 

possible to utilize various substrates for radiating patch and feed line, which can enhance the antenna's 

performance and effectiveness. The DGS method includes etching holes or imperfections in antenna's ground 
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plane, which may result in band gaps or stop bands in frequency response. This can improve suppress undesired 

harmonics, radiation characteristics, decrease mutual coupling, and boost the antenna's gain and bandwidth. The 

utilization of Aperture Coupling and DGS in antenna design is a promising approach for achieving optimal 

performance in contemporary wireless communication systems, as it presents numerous advantages for Ultra-

Wideband (UWB) applications. The key benefit of integrating aperture coupling and DGS are reduced mutual 

coupling in MIMO System, Improved Return Loss and Impedance matching, broadening bandwidth, surface wave 

suppression, interference mitigation, compact design, and precision in beam steering and directivity. Therefore, 

small antenna, an efficient, and high-performing for ultra-wideband applications can be produced by combining 

aperture coupling with DGS.  

1.1. Defected Ground Structure 

DGS is a process that involves forming a slot or defect in a printed microstrip board's ground plane. DGS is 

used to adjust the microstrip circuits or antenna's electromagnetic characteristics and current distribution. DGS has 

the ability to filter or block specific frequencies from radiating from the antenna or from propagating through the 

microstrip line by creating a stop band or band gap in the frequency response. In addition, DGS can improve the 

isolation, radiation pattern, bandwidth, gain, impedance matching, and isolation of the microstrip circuit or 

antenna. The EBG structure, which is periodic pattern with band-stop property, is simplified into the form of DGS. 

This method creates a band gap in frequency response which is mainly used to increase bandwidth, gain and reduce 

mutual coupling, unwanted noise of antenna. An energy range in a periodic structure where no waves or vibrations 

can propagate is known as a band gap in frequency response. It is sometimes referred to as a band gap or a stop 

band. A system or material with a repeating pattern of units or elements in one or more dimensions is called a 

periodic structure. A frequency response band gap happens when the incoming waves or vibrations interact with 

the periodic structure and produce destructive interference, which eliminates the energy of the waves or vibrations. 

It is possible to regulate or filter the transmission of waves or vibrations in particular frequency ranges by using a 

band gap in frequency response. The fundamental component of DGS consists of resonant gap or slot in ground 

metal that is positioned directly beneath transmission line and oriented to provide an effective coupling to the line. 

An equivalent circuit for DGS is one that is parallel-tuned and connected in series with transmission line. This 

circuit is depicted in Figure 1. The equivalent values of R, L, and C are established by DGS structure's dimensions 

and its location in relation to transmission line. The input and output impedances are those of line section.  
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Figure 1. Equivalent Circuit of DGS 

DGS is a technique used to reduce microstrip antenna’s size. If better performance is desired, a complex 

shape can occasionally be etched into the ground plane instead of a simple one. Figure 2 illustrates an example of 

DGS-specific shapes etched onto microstrip circuits' ground plane.  

 

 

 

 

(a) Concentric ring (b) Arrow head 

dumbbell 

(c) U shaped (d) Split-ring 

resonators 

    

(e) Dumbbell-shaped (f) Spiral-shaped (g) Circular head (h) Meander line 

  

(i) H shaped (j) Cross-shaped 

Figure 2. Various shapes of DGS 

In this work, H-shaped DGS is applied in microstrip antennas to improve their bandwidth and gain while 

enhancing their radiation characteristics by suppressing higher mode harmonics, cross-polarization, and mutual 

coupling between adjacent elements. This type of DGS is preferred in this study because, it has many advantages 

such as higher degree of compactness is attained and slow wave factor is raised, the stopband also has a better 
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bandwidth and return loss level, improved signal integrity, enhance impedance matching, improved isolation in RF 

Circuits, and enhanced radiation pattern control. The simulated H-shaped DGS is displayed in Figure 3. 

 

Figure 3. Simulated structure of H-shaped DGS 

1.2. Aperture Coupling 

The aperture-coupled microstrip patch antenna is very interesting because it enables the feed network (a 

50-ohm microstrip transmission line) and the radiating element (a microstrip patch) to be separated by conductive 

layer. A tiny hole in ground plane allows for electromagnetic coupling of two structures, and a micro-strip antenna 

is built on separate dielectric slab above it.. Aperture-coupled antenna presents numerous benefits in comparison 

to traditional direct feed antennas. These include using a different substrate for feed structure and antenna, 

shielding antenna from spurious feed radiation, and having a large bandwidth. This antenna element is particularly 

helpful for millimeter-wave phased arrays because of its features. The amount of coupling to patch is calculated 

through use of micro strip line. The resonant frequency of structure and quantity of undesired radiation reflected 

back are also affected by aperture's dimensions. The parameter that influences a selection of particular aperture 

size is determined by impedance of patch at slot. Since simple circuit cannot accurately describe the area near slot, 

full-wave analysis is the only method that yields meaningful results. But only two variables need to be optimized: 

the stub length (which is covered next) and the slot length. The slot width has a negligible impact on antenna 

behavior because of its tiny size. 

1.2.1. Antenna Design  

The main radiation pattern may be interfered with feed network radiation, so aperture coupled patch 

antenna's geometry is chosen to minimize this risk. Since the slot is smaller than resonant size and ground plane 

prevents their direct connection, the resonant patch element is definitely a source of majority radiation. The 

approximate fields inside cavity formed by patch and magnetic walls surrounding its periphery, if the patch 

antenna resonates at its dominant mode, are expressed as follows: 

𝐸𝑧(𝑥) =
𝑘0

2

𝑗𝜔𝜀0
𝑐𝑜𝑠 (

𝜋𝑥

𝑎
)     (1) 

𝐻𝑦(𝑥) =
𝜋

𝑎
𝑠𝑖𝑛 (

𝜋𝑥

𝑎
)     (2) 
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The antenna resonant dimension, ‘𝑎’ is determined by aperture's position on line segment, which yields 

𝑘0 =  2𝜋 𝜆0⁄ . The patch antenna's feedlines and cavity fields will have same coupling coefficient if it has a square 

shape and 𝑎 × 𝑎 dimensions, meaning that fields inside two cavities must be equal. 

The following equations (3) and (4) is provided when examining an infinitely long microstrip line:  

𝐸𝑧 =  𝑒−𝑗𝑘𝑒𝑥      (3) 

𝐻𝑦 =
ℎ𝑠𝑢𝑏

𝑊𝑍𝑐
 𝑒−𝑗𝑘𝑒𝑥     (4) 

Where, 𝑍𝑐 is the line's characteristic impedance of 50Ω, 𝑊 is the line width, ℎ𝑠𝑢𝑏 is a feedline substrate 

thickness, and 𝑘 denotes line's effective propagation constant. Given this approximation, the fields beneath 

feedlines grow exponentially with offset to antenna's center; hence, for both feedlines to retain the same fields 

beneath them, the line width must be the same. 

The mathematical expression of electric and magnetic dipole is represented in following equation (5) and (6). 

𝐶𝑝 =  
2

3
𝑟0

3𝜀𝑟1𝑘0
2

𝑃10
𝑐𝑜𝑠 (

𝜋𝑥0

𝑎
)     (5) 

𝐶𝑀 =  
−𝑗𝑘0𝑍0

4

3
𝑟0

3(
𝜋𝑑

𝑎𝑊
)

𝑃10𝑍𝑐
𝑠𝑖𝑛 (

𝜋𝑥0

𝑎
)    (6) 

Where, the coupling factors through electric and magnetic dipole couplings are indicated by symbols 𝐶𝑝 

and 𝐶𝑀 respectively. When the cavities in this microstrip patch antenna have same length, width, and offset with 

respect to the center 𝑥0, as well as same radius 𝑟0 total power flow (𝑃10), and antenna resonant dimension (𝑎), 

coupling coefficients between cavity fields are equal. 

1.3. Proposed MIMO Circular Microstrip Patch Antenna with Aperture Coupling and DGS 

This antenna is constructed from two dielectric laminates each with dielectric constant of 1.6 mm and 

dimensions of 15 x 20 x 1.6 mm³. The FR4 substrate is used in both laminates. The ground plane consisting of 0.05 

mm thick copper film separates these two dielectric layers. Figure 3 shows the suggested aperture coupled DGS 

microstrip patch antenna. In this paper, a circular patch is used. The method of cavity model is utilized to compute 

its radius and mathematical expression is given in following equation (7). 

𝑎 =  
𝐹

{1+
2ℎ

𝜋𝜀𝑟𝐹
(𝑙𝑛(

𝜋𝐹

2ℎ
)+1.7726)}

1
2⁄
    (7) 

Where, ℎ is a height of substrate, 𝜀𝑟 denotes relative permittivity of substrate, and 𝐹 represents circular patch's 

resonance frequency.  

For a resonant frequency of 10GHz, the radius of the patch is therefore 3.2mm. A micro strip transmission 

feeding line measuring Lf = 15 mm in length and Wf = 2 mm in width is imprinted on the lower substrate surface. A 

circular patch is moved y=1.4 mm away from the feed line's top. On the ground plane, a rectangular aperture with 

dimensions of length Sl = 7.9 mm and width Sw = 1.1 mm is etched. The feed line's stub length, lstub = 2.5 mm, is 



Journal of Information Systems Engineering and Management 
2025, 10(37s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

643 

 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution 

License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

used to adjust the aperture's excess reactance after the slot. The feed and radiating conductor are kept electrically 

apart by utilizing two dielectric substrates spaced by a ground plane. The ground plane has an aperture through 

which the patch and feed line are electromagnetically coupled. This antenna design was simulated using HFSS tool.  

 

(a) proposed antenna with DGS 

 

(b) 3-D view of proposed antenna 

Figure 4. Structure of proposed aperture coupling with DGS 

RESULTS 

The proposed MIMO Circular Microstrip Patch Antenna Design with Aperture Coupling and DGS is designed and 

simulated using High Frequency Structure Simulator (HFSS) software based on some parameters like ECC, return 

loss, isolation, gain, directivity, and DG. A full-wave 3D electromagnetic simulation program called HFSS is used to 

design and simulate high-frequency electronic products such as antennas, components, connectors, and 

interconnects. HFSS increases engineering output, shortens development times, and increases first-pass design 

success rates. Across a wide range of frequencies, including radio frequency, microwave, and millimeter-wave 

frequencies, HFSS performs well at simulating and analyzing electromagnetic fields. HFSS is also useful in the 

study of electromagnetic interference and compatibility, waveguide analysis, and resonator and filter design. 

Engineers use its capabilities for modeling materials with different electromagnetic properties, exploring 

parametric studies, and S-parameter analysis. Comparison and evaluation of suggested antenna are conducted with 

and without DGS. 

1.4.Evaluation of 3x3 circular microstrip patch aperture coupled with DGS 

The 3 x 3 circular patch antenna fed by aperture coupled without DGS is covered in this section of paper. An 

antenna with DGS differs from one without in that the latter has a ground plane that has slots or other flaws 

integrated into it. The primary benefit of DGS, which can decrease antenna size and increase performance, is the 

slow-wave effect. DGS has been applied in microstrip antennas to improve their radiation characteristics by 

suppressing harmonics, cross-polarization, and mutual coupling between adjacent elements. It has also been used 

to increase bandwidth and gain of microstrip antennas. Associated with return loss is the first reflection coefficient, 

or S11. Figure 5 displays this parameter. 
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Figure 5. Analysis of S11 parameter with DGS 

S11 parameter measures the amount of power that the antenna reflects back to source. If an antenna is tuned and 

matched, S11 should obviously be as small as possible at operating frequency. The 3x3 circular patch antenna with 

DGS was found to have -39.5 dB return loss. This shows that, at resonant frequency of 5.59 GHz, the antenna 

effectively matched its input impedance to the transmission line. The return loss value highlights the antenna's 

resonance and impedance matching capabilities by expressing the amount of power that is actually transferred 

from source to antenna. 

 In MIMO antenna system, the coupling between antennas is correlated with S12 and S21 parameters. S12 

represents power moved from Port 2 to 1, and S21 represents power moved from Port 1 to 2. The isolation 

parameters for S12 and S21 with DGS are displayed in Figures 6 and 7 respectively. 

 

Figure 6. Analysis of S12 parameter with DGS 

 

Figure 7. Analysis of S21 parameter with DGS 

The suggested antenna with DGS, represented by S21 and S12, was found to have an isolation parameter of 

-11.5 dB. The two elements of the 3x3 array are isolated from one another, according to this value. S13 and S31are 

typically used to represent power transferred from Port 3 to 1 and from Port 1 to 3. A value of -7.5 dB is found for 
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the isolation parameter of the proposed antenna denoted by S13 and S31 with DGS. These features are shown in 

Figures 8 and 9 . 

 
Figure 8. Analysis of S13 parameter with DGS 

 
Figure 9. Analysis of S31 parameter with DGS 

Power transfers from Port 3 to 2 and from Port 2 to 3 are typically represented by S23 and S32, 

respectively. S23 and S32 in a two-antenna MIMO system are of similar size, but they are phase-opposite. The 

recommended antenna, represented by S23 and S32 with DGS is found to have an isolation parameter of -10 dB. 

Figures 10 and 11 shows these characteristics. 

 

Figure 10. Analysis of S23 parameter with DGS 

 

Figure 11. S32 parameter of suggested antenna with DGS 

According to previously mentioned study, the isolation between S21 and S12 parameters is -11.5 dB, that between 

the S13 and S31 parameters is -7.5 dB, and that between the S32 and S23 parameters is -10 dB. 
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The antenna's capacity to boost signal strength in particular direction is measured by parameter called 

gain. Gain is essential for increasing UWB reliability and data rate in MIMO systems. The 3-D polar radiation 

pattern of gain for proposed 3x3 MIMO Circular Microstrip Patch Design with Aperture Coupling antenna with 

DGS is displayed in Figure 12. 

 

Figure 12. Gain of proposed antenna with DGS 

A gain enhancement for MIMO antennas makes use of a metamaterial structure. A circular patch featuring 

a resonator and complementary elements is utilized to attain elevated gain and minimal mutual coupling. The 

antenna with DGS has gain of 4.03 dB at resonant frequency of 5.9 GHz according to gain plot. 

A more focused radiation pattern from the antenna is suggested by increased directivity. On the other 

hand, 6.2 dB of directivity was found for recommended DGS antenna. The directivity of this antenna was very high. 

Figure 13 displays the directivity analysis result of the suggested antenna with DGS. 

 

Figure 13. Directivity of proposed antenna with DGS 

The polarization diversity and purity of MIMO antenna are reported by ECC. A low ECC value indicates low 

mutual coupling and high isolation between antenna elements for MIMO performance. The proposed antenna with 

DGS had an ECC of less than 0.001 both in simulation and measurement over the whole band. Lower ECC values 

are generally preferred; values of less than 0.5 are thought to be acceptable. Thus, the recommended method 

achieves better ECC values. Figure 14 shows graphical representation of ECC. 
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Figure 14. ECC of proposed antenna with DGS 

The suggested antenna generated a DG of 10` in the presence of DGS. This suggests that antenna has high 

degree of directivity and efficiency, which are the factors that determine the DG. Figure 15 shows the proposed 

antenna's DG plot with DGS. 

 

Figure 15. DG of proposed antenna with DGS 

From the above analysis, all parameters of proposed antenna with DGS achieved best results when 

compared to antenna without DGS. 

DISCUSSION 

There are various methods are in practice currently, the proposed method in this study is compared with different 

models which are currently in practice. Table 1 illustrates the comparison of existing and proposed method. 

Table1. Comparison analysis of proposed and existing methods 

 

Ref 

 

Substrate 

Return loss 

(dB) 

Isolation Resonant Frequency 

(GHz) 

Gain 

(dB) 

BW ECC DG 

[22] FR4 -24 <20 3.1 - - <0.06 >9.6 

[24] FR4 -10 - 2.41 1.43 100 MHz - - 

[27] FR4 - >15 2.57 3.58 2.5 GHz <0.005 - 

[28] FR4 <-10 >22 5.5 2 2 GHz <0.01 10 

Proposed without DGS  

FR4 

 

-11.4 

 

>23 

 

5.68 

 

4.16 

3.52 

GHz 

 

<0.02 

 

9.8 

Proposed with DGS  

FR4 

 

-39.5 

 

>23 

 

5.9 

 

4.03 

3.57 

GHz 

 

<0.001 

 

10 
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The proposed MIMO microstrip antenna fed by aperture coupled without and with DGS is simulated and analysed. 

This evaluation results are compared with various existing methods. The comparison data clearly shows that, the 

suggested method in this study achieves higher values for all parameters when compared to various methods which 

are currently in use. Therefore, the proposed method has great performance in all aspects and well suited for UWB. 

CONCLUSIONS 

This paper offered a new comprehensive approach to enhance design and efficiency of circular microstrip 

patch antennas recommended for MIMO UWB communication systems. The suggested methodology maximizes 

antenna performance by combining two cutting-edge techniques: Aperture Coupling and DGS. This research 

specifically designs and simulates a microstrip patch antenna with DGS and an aperture-coupled feed line. There is 

a comparative study between two antenna designs: one with DGS and the other without. At resonant frequency of 

5.68 GHz, the antenna without DGS showed a return loss of -11.4 dB, indicating successful impedance matching. It 

also showed a 4.16 dB gain. These metrics were exceeded by the DGS antenna, which achieved an astounding -39.5 

dB return loss, 4.03 dB gain at 5.9 GHz, and 6.2 dB directivity. With a simulated and measured Equivalent Circuit 

Conductance (ECC) of less than 0.001, the suggested antenna with DGS illustrated its stability and performed 

better overall, functioning throughout the entire band. These results highlight the utility of Defected Ground 

Structure in circular patch antennas, providing improved radiation patterns, stability, and impedance 

characteristics for use in Ultra-Wideband (UWB) communication systems. The suggested approach provided 3.52 

GHz of bandwidth at 5.68 GHz center frequency in the absence of DGS and 3.57 GHz in the presence of DGS with 

isolation of 23 GHz. 
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