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Abstract 
 

A novel Ultra-wideband quarter wavelength folded half E 

patch antenna is presented in this paper. By combining 

half structure technique and folded patch technique, a 

Ultra-wide impedance broadband patch antenna with 

small geometric size is created. The impedance bandwidth 

of this patch antenna is about 55.7%. The antenna size is 

about the quarter wavelength corresponding to lowest 

operating frequency. The simulated impedance 

bandwidths, radiation patterns, radiation efficiencies and 

gains of this antenna are shown and discussed in the paper. 

Index Terms - small size; Ultra-wideband; patch antenna. 

 

1. Introduction 
 

The Microstrip patch antennas (MPA) have the 

advantages compared to the traditional microwave 

antennas such as low profile, light weight low cost. The 

ultra-wideband (UWB) frequency ranges from 3.10 GHz 

to 10.6GHz and UWB communication system is attracting 

more and more attention because of its advantages such as 

low power consumption, high data transmission rate as in 

the multimedia communications and low interference to 

other systems etc. It is possible that UWB will become a 

popular next-generation, short-range wireless connection 

technology. Meanwhile, the small size communication 

system is always desirable. In many applications the 

requirements on both bandwidth and physical size are 

quite stringent [1]. Different types of slots like L, U, 

triangular etc. have been proposed to achieve dual band 

frequencies for WLAN/WiMAX applications [2-4]. The 

shorting wall and the shorting pin are two common 

employed techniques in designing small patch antennas. 

The broadband u-slot patch with a shorting wall or a 

shorting pin were reported in [5-7]. A novel technique 

that improves the performance of a conventional quarter-

wave patch antenna is proposed in [8,9]. It is used folded 

patch to enlarge the impedance bandwidth. The same 

technique is also applicable to dual-band and wideband 

applications [10,11], albeit more complicated geometrical 

configurations. Another size reduction technique is 

proposed in [12]. The size of a u-slot patch antenna is 

halved by removing half of the patch area along the line 

of symmetry. Defected ground structures (DGS) are also 

preferred to reduce the design size [13,14]. The shorting 

wall and shorting pin techniques also has been applied in 

half patch antennas [15-17].  

In this paper, a new kind of small UWB antenna is 

proposed. The 3-D size of proposed patch antenna is 

12mm×7.5mm×7mm.It is about 0.252λ0×0.157λ0×0.147λ0, 

where λ0 is the free space wavelength at the centre 

operating frequency. The 2:1 VSWR bandwidth of this 

antenna is from 4.41GHz to 8.18Ghz with omni 

directional radiation and stable gain throughout the band. 

 

2. Modeling Structure 
 

It is known that increasing the thickness of the substrate 

can lower the Q-factor leaky resonator and it will increase 

the impedance bandwidth. However, the thicker the 

substrate of the antenna, the longer the coaxial probe will 

be used, and thus, more probe inductance will be 

introduced, which limits the impedance bandwidth. Using 

folded patch can solve the problem. In addition, for some 

antenna structures, such as the rectangular with U-slot and 

E-shaped, when viewed from the top, a double resonance 

can be easily obtained. These are the main reasons for 

achieving a wide impedance bandwidth for these patch 

antenna. Fig. 1 shows the prototype of the proposed patch 

antenna. The half structure technique was applied to the 

quarter wavelength folded E-shaped patch antenna. Due 

to the symmetry of the current distribution, removing half 

of the patch does not apparently alter the current paths 

and the resonant behavior. The antenna is designed with 

half E-shape structure and it is designed to operating at 

center frequency about 6GHz. The entire radiating 

element is centered on top of a square ground plane with 

size of 50mm×50mm. A shorting wall with the same 

width as the upper patch is connected to the ground plane, 

which is mainly used to reduce the overall size of the 

antenna.  

 

As the substrate of the whole antenna is air, the antenna is 

supported by the coaxial probe and the shorting wall. The 

overall height (H1) of the proposed antenna is higher than 

the length of the probe (H2). Therefore a thicker substrate 

is introduced without increasing the probe inductance. 

This helps widen the impedance bandwidth of the antenna 

significantly. The one arm of the half E-shaped patch 

antenna presented on the upper patch play an important 

role in producing a double-resonance. 



The specific dimensions of the antenna are shown in 

Table I. 

TABLE I.  Dimensions of Antenna (units in mm).  

L1 L2 H1 H2 W1 W2 P S 

12 6 7 2.5 7.5 5.5 5 1.5 

 

3. Numerical Simulation Results 
 

The UWB antenna has been analysed by Ansoft HFSS. 

Fig. 2 is the simulated results of the voltage standing 

wave ratio (VSWR) of the antenna. From the figure 2, we 

can easily find out that there are two resonant frequencies 

at 4.95GHz and 7.72GHz. The bandwidth (VSWR≤2) of 

the antenna is 59.9% from 4.41 GHz to 8.18 GHz. 

 

 

Fig.3 shows the simulated results of proposed antenna at 

4.41, 6.29 and 8.28 GHz in XZ and YZ planes. As with 

most small antennas with shorting pin and shorting wall, 

the cross polarization levels are considerably higher than 

conventional patch antennas. Although the operating 

frequency band is 59.9%, the radiation patterns of the 

proposed antenna do not change drastically over the 

frequency band. 

 

 

 
 

Figure.3. The radiation patterns —XZ plane   □ YZ plane 

 

The simulated gain of the proposed antenna is given in 

Fig.4. The total Gain doesn‘t change roughly with a peak 

gain of almost 8.1dB. The average Gain is about 6.0dB. 

 
Figure 1.  Geometries of the proposed patch antennas. 

 
 Figure.2. the VSWR results of the Antenna   



 
 
Figure.4. The total Gain of antenna 

 

4. Conclusion 
 

In this paper, a novel fourth wavelength folded broadband 

microstrip patch antenna has been demonstrated. The 3-D 

sizes of proposed patch antenna are about 

0.252λ0×0.157λ0×0.147λ0. The impedance bandwidth, 

gain and radiation pattern of this antenna are shown. It 

achieves an impedance bandwidth of 59.9% and the 

radiation patterns and gain of our proposed antenna are 

basically stable over the frequency band. 
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