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            Abstract
          
        

        
          This paper presents the design of a miniaturized monopole antenna for ultra-wide band (UWB) applications. The proposed antenna consists of a rectangular radiating patch with two cuts at its two lower corners, and a U-shaped ground. Owing to the U-shaped ground and the cuts of the radiating patch, the proposed antenna achieves a wide bandwidth of 2.9~15.3 GHz. Compared to other UWB antennas, the proposed antenna has a smaller size and a simpler structure. In addition, the designed antenna can be easily fabricated on an FR4 substrate.
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      1. Introduction
      Antenna designs capable of achieving UWB bandwidth have attracted considerable attention since the Federal Communications Commission (FCC) released an unlicensed 3.1~10.6 GHz frequency band for UWB applications [1]-[3]. In particular, printed monopole antennas have attracted the attention of several researchers over the past few years owing to their physical features such as a simple structure, small size, low cost, and ease of fabrication. Pei-Pei Lu presented a monopole antenna using a radiating patch-shaped ladder structure, for UWB applications [4]. Uprio Kundu presented a UWB antenna by inserting four slots of the same arc radius in four different corners of a rectangular radiating patch [5]. A printed monopole antenna with a tapered and notched radiator designed by Weiwen Li offers a wide bandwidth of 3.07~10.92 GHz [6]. However, the sizes of these antennas are large. An antenna has been designed with W-shape and N-shape slots in the radiating patch that has small dimensions [7]. Another antenna also achieves small dimensions, which was designed by inverting a U-Ring strip and a novel fork-shaped slit to achieve UWB bandwidth [8]. However, these antennas are difficult to fabricate.

      In this paper, we present the design of a compact microstrip feed monopole antenna for UWB applications. To achieve UWB bandwidth, we used a U-shaped ground and a rectangular radiating patch with two cuts at its two lower corners. The designed antenna is easy to fabricate. It was fabricated using an FR4 dielectric substrate with a dielectric constant of 4.4 and dimensions of 12 mm × 19 mm × 1.6 mm.

    

    

  
    
      2. Antenna Design
      The schematic of the proposed monopole antenna fed by a 50-Ohm microstrip line is shown in Figure 1. The dimensions of the antenna parameters are listed in Table 1.

      
        
        

        Figure 1: 
				
        

        
          Geometry of the proposed antenna
        
        

        

      

      
        Table 1: 
				
        

        
          The dimensions of the antenna parameters
        
        

      

      
        
          
            	Parameter
            	Dimension
            	Parameter
            	Dimension
          

        
        
          	Lsub
          	12 mm
          	R1
          	4.3 mm
        

        
          	Wsub
          	19 mm
          	R2
          	3 mm
        

        
          	Lp
          	11 mm
          	Wn
          	5 mm
        

        
          	Wp
          	12 mm
          	Ln
          	5 mm
        

        
          	Lf
          	2 mm
          	Wg
          	5.8 mm
        

        
          	Wf
          	6.2 mm
          	
          	
        

      

      

      To design the antenna, we first fabricated a basic rectangular patch antenna, as shown in Figure 2 (a). This antenna comprised a rectangular patch with dimensions 11 mm ×12 mm and a ground plane with dimensions 12 mm × 5.8 mm. The basic antenna was modified by inserting two cuts of the same arc radius at the two lower corners of the radiating patch, as shown in Figure 2 (b). From Figure 3, it can be seen that the basic antenna cannot be used as an antenna, as there is no frequency band with |s11|<−10 dB. On the other hand, it can be seen that the antenna with two cuts at the two lower corners of the rectangular patch can provide a wide bandwidth. This phenomenon occurs because the two cuts affect the coupling between the radiating patch and the ground plane. That is, by cutting the lower part of the patch into a curved surface, the change in coupling capacitance can be finely adjusted to increase the impedance bandwidth [9].

      
        
        

        Figure 2: 
				
        

        
          (a) Basic antenna (b) Modified antenna with cuts at two lower corners of the patch
        
        

        

      

      
        
        

        Figure 3: 
				
        

        
          Effect of U-shape ground on the impedance bandwidth
        
        

        

      

      However, the antenna with two cuts at the lower corners of the patch cannot sufficiently provide UWB bandwidth. Therefore, we added three cuts on the ground plane to improve bandwidth, as shown in Figure 1 (b). Because the shape of the three-cut ground plane looks like the letter U, we named it U-shaped ground. The U-shaped ground creates a capacitive and inductive load that causes a new resonant, which in turn leads to a change in the bandwidth [10]. Figure 3 shows that the impedance bandwidth of the antenna with the U-shaped ground covers UWB bandwidth from 2.9 GHz to 15.2 GHz.

      The parameters of the proposed antenna were studied by changing one parameter at a time, while keeping the others fixed. First, we investigated the effect of the parameter R1 on the antenna performance. Figure 4 (a) shows that the larger the cut at the two lower corners of the radiating patch, the better the impedance bandwidth. In this simulation, an optimized value of 4.3 mm for R1 was selected. From Figure 4 (b), it can be seen that the 10 dB impedance bandwidth increases as Ln increases. Figure 4 (c) shows the impedance bandwidth of the proposed antenna for different values of R2. The optimum results were obtained for R2 = 3 mm.

      
        
        

        Figure 4: 
				
        

        
          Effects of R1, Ln, and R2
        
        

        

      

      Figure 5 shows the current distributions of the three designed antennas. It can be observed that the current is concentrated in the U-shaped cut edge on the ground plane. In addition, the current near the patch cut has a high density at 3 GHz and 10 GHz. Therefore, the cuts at the two lower corners of the patch have a significant effect at low and high frequencies.

      
        
        

        Figure 5: 
				
        

        
          Simulated surface current distribution
        
        

        

      

    

    

  
    
      3. Results and Discussion
      Figure 6 shows a photograph of the fabricated antenna. From this picture, we can see that this antenna is quite small and easy to fabricate. Figure 7 shows the simulated and measured reflection coefficients of the proposed antenna. The measured bandwidth of the proposed antenna is in good agreement with the simulated result, and the fabricated antenna achieves a UWB performance from 2.9 GHz to 15.3 GHz for |s11|<−10 dB.

      
        
        

        Figure 6: 
				
        

        
          Photo of the proposed antenna
        
        

        

      

      
        
        

        Figure 7: 
				
        

        
          Simulated and measured reflection coefficients of the antenna
        
        

        

      

      Figure 8 shows the simulated and measured gain, and efficiency of the designed antenna. The measured gain of the antenna varies from -4 dBi to 5.5 dBi within the frequency range of 3 GHz to 15 GHz. The efficiency is approximately 90% in the UWB range. Table 2 shows a comparison of the proposed antenna with other UWB antennas. The proposed antenna has the smallest size and the simplest structure when compared to other antennas with the same function.

      
        
        

        Figure 8: 
				
        

        
          Simulated and measured gain, and the efficiency of the proposed antenna
        
        

        

      

      
        Table 2: 
				
        

        
          Comparison of UWB antennas
        
        

      

      
        
          
            	Ref.
            	BW
(GHz)
            	Size
(mm3)
            	Gain
(dBi)
            	Eff.
(%)
          

        
        
          	
            
              [4]
            
          
          	3~13.8
          	32×38×1
          	-
          	-
        

        
          	
            
              [5]
            
          
          	3.1~12.8
          	18×25×1.6
          	-
          	-
        

        
          	
            
              [6]
            
          
          	2.8~12
          	28×30×1.5
          	2.5~4.5
          	-
        

        
          	
            
              [11]
            
          
          	2.8~12
          	32×32.2×0.8
          	0~7
          	-
        

        
          	
            
              [12]
            
          
          	3~13
          	32×32.2×0.8
          	-0.3~5
          	-
        

        
          	
            
              [13]
            
          
          	3.1-11.8
          	30×35×1.6
          	-1~1.3
          	80~90
        

        
          	Prop.
          	2.8~15.4
          	12×19×1.6
          	-4~5.4
          	83~92
        

      

      

      Figure 9 shows the simulated and measured radiation patterns in the E-plane (y-z plane) and H-plane (x-z plane). As current flows in the y-axis direction at all frequencies, as shown in Figure 5, it can be seen that the proposed antenna has an omnidirectional radiation pattern similar to a monopole antenna.

      
        
        

        Figure 9: 
				
        

        
          Simulated and measured radiation patterns
        
        

        

      

    

    

  
    
      4. Conclusion
      A new miniaturized monopole antenna for UWB applications was proposed. With a U-shaped ground and cuts on the radiating patch, the proposed antenna achieved a UWB bandwidth. Moreover, the proposed antenna displayed a good omnidirectional radiation pattern, even at high frequencies. The proposed antenna can be applied to a UWB-RFID tag, and in other fields where UWB application is possible.
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