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Abstract: - This study introduces a planar ultra-wideband (UWB) patch antenna that operates across a broad frequency spectrum within 

the UWB range. The wideband performance is achieved by incorporating a defected ground structure (DGS) technique. The antenna has a 

compact size of 32×33×1.6 mm³ and is fabricated using an economical FR-4 substrate. Experimental results demonstrate an impedance 

bandwidth ranging from 3.1 GHz to 12.4 GHz. This significant bandwidth enhancement is attributed to the use of a half-plane semicircular-

shaped ground structure, achieving 132.4% impedance bandwidth. The antenna exhibits a peak gain varying between 2 dB and 7.5 dBi 

over the entire frequency range. The design parameters of the antenna are fine-tuned through systematic optimization techniques, and the 

measured outcomes align closely with the simulated predictions. 

Keywords: Ultra-wideband (UWB), defected ground structure (DGS), microstrip antenna, X band, Ku band. 

 

I.  INTRODUCTION  

The rapid advancements in wireless communication technology have sparked significant interest in compact patch 

antennas with wideband performance. These antennas have become critical for next-generation wireless systems, 

which demand high data rates, superior spectral efficiency, and extensive bandwidth. To meet these requirements, 

the Federal Communications Commission (FCC) allocated the frequency spectrum from 3.1 GHz to 10.6 GHz for 

ultra-wideband (UWB) applications in 2002 [20].  

UWB patch antennas have gained prominence among researchers due to their wide range of benefits, including 

broad bandwidth, simple design, cost-effectiveness, ease of fabrication, stable radiation patterns, and seamless 

integration with other RF components [10]. Beyond the UWB band, the X and Ku bands have emerged as important 

frequency ranges for communication systems. According to the IEEE, the X band spans frequencies from 8 to 12 

GHz, while the Ku band covers 12 to 18 GHz. The X band supports applications such as satellite communication, 

radar systems, weather monitoring, defense tracking, maritime navigation, and vehicle speed detection. Similarly, 

the Ku band is widely used for satellite communication, particularly in fixed satellite services (FSS) operating 

between 11.7 and 12.7 GHz and direct broadcast satellite (DBS) services in the 12.2–12.7 GHz range. Numerous 

designs of patch antennas with UWB capabilities have been introduced in recent years. For instance, a novel 

approach based on mode analysis was proposed in [4], enabling the enhancement of bandwidth by integrating 

multiple modes. In [6], a flower-shaped antenna supporting UWB, C, X, and Ku bands was designed, achieving an 

impressive 137% impedance bandwidth, covering 3.45 GHz to 18.5 GHz. Another study [7] presented a low-profile 

monopole antenna with a slotted circular patch and ground structure for wideband operation. Meanwhile, a compact 

UWB antenna featuring C-shaped slots and high gain was introduced in [8]. In this work, a meander-line slot patch 

antenna with a defected ground structure is proposed for UWB applications. The antenna efficiently operates across 

the UWB, C, X, and Ku bands, making it a versatile solution for a range of applications, including radar systems, 
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satellite communication, 5G networks, and UWB-specific technologies [12–14]. Ultra-wideband system has been 

widely used for the last few years due to its amazing frequency spectrum in wireless communication. According to 

the Federal Communications Commission (FCC), UWB system is defined as any radio system operating in the 

band of 3.1-10.6 GHz, has a 10 dB bandwidth larger than 25% percent of the centre frequency and a maximum 

equivalent isotropic radiated power spectral density of -41.3 dBm/MHz [23-27].      

II. ANTENNA DESIGN AND SPECIFICATION  

The presented antenna is designed using an FR4 substrate, which is 1.6 mm thick. The FR4 material is chosen for 

its affordability and ease of fabrication, making it an ideal candidate for use as a substrate. The antenna has a 

compact form factor with dimensions of 32×33×1.6 mm³. The design incorporates a patch with a meander-line slot 

and a ground plane featuring a half-plane semicircular structure. To achieve ultra-wideband (UWB) performance, 

a defected ground structure (DGS) is employed [15-18]. Additionally, a rectangular notch is introduced into the 

ground plane to further improve the bandwidth, as detailed in Section III. The antenna uses a microstrip line feed 

to maintain a planar configuration. The structural details of the proposed antenna are illustrated in Fig. 1. The Table 

1 shows the details parameters of proposed antenna.  

 

 
                                                   (a)                                                              (b) 

 

 
                                                                                                           

                                                                                        (c) 

Fig. 1. Configuration of the antenna (a) Top view (b) Bottom view (c) Fabricated Prototype of the proposed 

antenna 

Table 1: Proposed MIMO Antenna Dimensions 

Dimensions Value (in mm) Dimensions Value (in mm) 

Wg 32 W1 4 

Lg 33 W2 2 
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L1 11.5 R1 12.15 

L2 4.7 R2 3.6 

L3 5.1 Ln  2 

L4 3.46 Wn 4 

III. RESULTS AND DISCUSSION 

A. Reflection coefficient and bandwidth 

  In this section, the reflection coefficient (S11) vs frequency plot has been presented. Figure 2 shows the S11 curves 

at each step of the antenna development process. In the simulation, the operational frequency band of designed 

antenna is obtained from 3.4 GHz to 12.4 GHz. The percentage impedance bandwidth is 135.8 %. A parametric 

analysis has been done to achieve better results for the UWB patch antenna. 

 

 
Fig. 2. Reflection coefficient vs. frequency graph 

B. Gain, Radiation pattern and Current distribution 

As illustrated in Fig. 4, the proposed antenna achieves a gain ranging between 2 and 6.8 dB throughout the 

operational frequency range. The maximum recorded gain is 7.5 dB at 10.2 GHz. The compact design and cost-

effectiveness of the antenna make its gain and efficiency highly suitable for wireless communication applications 

[17]. Fig. 5 presents the antenna’s radiation patterns at various frequencies. Fig. 3 shows the current distribution of 

the proposed antenna.     

 
      Fig. 3. Simulated Current distribution of the proposed antenna at 10.2 GHz. 

 

The bidirectional radiation pattern is observed in lower range of operational frequency band as the antenna structure 

is a dipole. It has been observed that the shape of the radiation pattern. At lower frequencies within the operational 

range, the radiation pattern is bidirectional, characteristic of a dipole-like structure. As the frequency increases, 
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changes in the shape of the radiation pattern and the direction of maximum radiation are observed. Figure 7 depicts 

the current distribution across the antenna patch at 12 GHz. The analysis reveals that the current density is highest 

near the feed line and gradually diminishes across the patch, with a concentration of current at the patch edges. 

 

 
Fig. 4. Simulated 3D polar plot of the designed antenna at (a) 4.2 GHz (b) 5 GHz (c) 7 GHz (d) 10.2 GHz  

 

 
Fig. 5. Simulated radiation pattern of the designed antenna at (a) 4.2 GHz (b) 5 GHz (c) 7 GHz (d) 10.2 GHz 

 

Ref. 
Substrate 

permittivity (𝝐𝒓) 
Dimensions (mm3) 

Frequency Range 

(GHz) 
Bandwidth 

Gain 

(dBi) 

[1] Polymer Substrate  39×39×0.503 2.36-2.55 0.9 GHz 2.6 

[6] RT Duroid 5880 (2.2) 47×47×1.575 2.36-2.4 320 MHz 3.67 

[7] Jeans material (1.7) 58×68×0.2 2.4-2.6 200 MHz 5.76 
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[9] 
RT Duroid 5 

780  
45×30×0.787  2.2-5.2 320 MHz 2.3 

[18] FR-4 (4.4) 60×53×1 2.4-2.55 155 MHz 2.22 

This 

Work 
FR-4 (4.4) 32×33×1.6 mm³ 3.1 - 12.4  9.3 GHz 7.5 

 

IV. CONCLUSION   

 This paper presents a compact ultra-wideband (UWB) planar patch antenna with an operational frequency range 

spanning from 3.1 GHz to 12.4 GHz. The proposed design effectively supports UWB, X, and Ku band applications. 

The development and evolution of the antenna are comprehensively analyzed in this work. The measured 

impedance bandwidth (S11 < -10 dB) is calculated to be 135.8%, demonstrating a broad operational range. The 

antenna achieves a peak gain between 2 dBi and 7.5 dBi across its entire frequency range. Compactness is achieved 

through careful optimization of the antenna dimensions, ensuring its practicality for various applications. The 

obtained results confirm that this antenna is well-suited for diverse purposes, including UWB communication, 

satellite systems, radar operations, and wireless cellular networks. 
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