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1. Introduction 

Ultra-wideband (UWB) radio technology has recently attracted considerable attention for various 
applications, such as short-range high-speed communication, sensor networks, radar and location 
tracking. As a planar-type wideband antenna being useful for UWB radio systems, the authors have 
previously proposed a leaf-shaped bowtie antenna [1]. It have been also demonstrated that 
unidirectional radiation characteristics can be obtained over a wide frequency range by placing the 
antenna parallel to a reflector [2]. For the case when a perfect electric conductor (PEC) plane is used 
as the reflector, the antenna height from the reflector is chosen to be one-quarter wavelength of the 
operating center frequency in order to avoid the degradation of the antenna characteristics [2],[3]. In 
recent years, it is reported by many researchers that unidirectional beam can be realized by arranging 
omnidirectional antennas on electromagnetic band gap (EBG) structures with the antenna height of 
less than one-quarter wavelength [4]-[6]. This paper presents a study on a low profile unidirectional 
UWB antenna consisting of a leaf-shaped bowtie antenna and a mushroom-type electromagnetic band 
gap (EBG) reflector [6]. In order to demonstrate effective performance of the proposed configuration, 
fundamental characteristics of the antenna are investigated and revealed by the finite-difference time 
domain (FDTD) analysis and measurements.  
 
2. Antenna Structure 

Fig. 1 shows the structure of a leaf-shaped bowtie antenna backed by an EBG reflector. Two 
leaf-shaped radiating elements are arranged on top and bottom surfaces of a dielectric substrate having 
a thickness of t and a relative permittivity of εr. The radiating element is designed by rounding the 
corner of the square copper sheet with the curvature radius of Rs and the central angle of α. The side 
length of the square shape is denoted by Le. The radiating elements are excited by a tapered microstrip 
line, which act as an impedance transformer and a balun. The antenna substrate is placed parallel to a 
mushroom-type EBG reflector at a distance of d. As shown in Fig. 2, the EBG reflector is composed of 
a periodic 9 × 9 array of square patches printed on a dielectric substrate having the thickness of h. 
Each patch is connected to a bottom ground plane by using a metal via whose diameter is r. The extent 
and relative permittivity of the dielectric substrate for the EBG reflector are the same as those of the 
antenna substrate. The structural parameters assumed in the following investigation are given in Table 
1. The parameters of the radiating elements and feeding circuit are optimized for operating in the 
UWB frequency band (3.1-10.6GHz) when the EBG reflector is not attached [1]. 
 
3. Simulated and Measured Results 

Fig. 3 shows the frequency dependence of the reflection phase of normally incident plane wave on 
the mushroom-type EBG structure having the geometrical parameters given in Table. 1. The results are 
calculated by using the formula reported in [5]. The zero degree reflection phase is observed at 
8.2GHz. At this frequency, the EBG structure acts as a perfect magnetic conductor (PMC) surface [6]. 



  The performances of the leaf-shaped antenna backed by the EBG reflector are evaluated by the 
FDTD analysis and measurements. The spacing between the antenna substrate and the EBG reflector 
is chosen to be d  = 2mm = 0.055λ, where λ is the free space wavelength at 8.2GHz. The prototype 
antenna and EBG reflector are fabricated by using ARLON DiClad 880 dielectric substrate.  
  Simulated and measured reflection coefficients S11 at the input port of the antenna are shown in Fig. 
4. For the evaluation of the S11, the reference impedance is assumed to be 50Ω. The measured 
reflection is less than –10dB over the frequency range from 6.4 to 9.0GHz. On the other hand, the 
simulated one is larger than –10dB around 7.5 and 9.0GHz. The discrepancy between the measured 
and simulated results may be attributed to the effect of fabrication error of the prototype antenna. 
  The co-polarization patterns in the H-plane (xz-plane) and E-plane (yz-plane) are shown in Fig. 5 
and Fig. 6, respectively. As can be seen from the figures, simulated and measured results are in good 
agreement. Unidirectional radiation characteristics are obtained over the frequency band of 5 to 9GHz. 
On the other hand, the deterioration of the radiation patterns in both E- and H-planes are observed at 
10GHz. Especially, the H-plane pattern contains many lobes and nulls. 
  In order to investigate the mechanism for the deterioration of the radiation patterns, current 
distributions on the patches of the EBG reflector are simulated. The simulated current distributions are 
shown in Fig. 7. At each frequency, the results are normalized by the maximum current amplitude. At 
the frequency around 8GHz, it can be seen that most of the current concentrate only on the patches 
underneath the radiating elements. On the other hand, strong currents are induced even on the patches 
being far from the radiating elements at 10GHz. For this case, unwanted radiation is generated by the 
patches of the EBG reflector. This results in the degradation of the radiation pattern described above. 
  Fig. 8 shows the frequency response of the actual gain observed in the z-direction. The simulated 
result coincides well with measurements. The maximum gain of about 10dBi is obtained at 7.5GHz. 
Upper and lower frequencies at which the antenna gain degrades by 3dB from the maximum gain are 
6GHz and 8.7GHz, respectively. It is found from Fig. 3 that the reflection phase of the EBG at these 
frequencies are 135 and –45 degrees, respectively. These results imply that the –3dB gain bandwidth 
can be estimated by finding the frequency region of the reflection phase in the range of 

oo 4590 ± . 

4. Conclusions 

  A leaf-shaped bowtie antenna backed by a mushroom-type EBG reflector has been presented in this 
paper. Fundamental characteristics of the antenna have been evaluated by the finite-difference time 
domain (FDTD) analysis and measurements. It is confirmed that low-profile unidirectional antenna 
having wideband characteristics can be realized by placing the leaf-shaped bowtie antenna parallel to 
the EBG reflector at a distance of less than one-quarter wavelength. The maximum gain of about 
10dBi is obtained around the frequency at which the zero degree reflection phase of EBG occurs. 
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Fig. 1 Antenna structure. Fig. 2 Geometry of an EBG reflector. 

Table 1 Structural parameters. 

Le [mm]   α [deg]   Rs [mm]   Win [mm]  Wg [mm]

12.0          90           7.1            2.4           12.0

Ws [mm]   Ls [mm]     t [mm]      d [mm]       εr

100           100          0.762         2.0          2.17

Lf [mm]    Lc [mm]   Wc [mm]   w[mm]    g[mm] 

50.0           0.2           0.2           7.5           1.0

r [mm]   h [mm]   Px [mm] Py [mm]    Lm [mm] 

0.8        1.575      12.25        12.25          75.5

Le [mm]   α [deg]   Rs [mm]   Win [mm]  Wg [mm]

12.0          90           7.1            2.4           12.0

Le [mm]   α [deg]   Rs [mm]   Win [mm]  Wg [mm]

12.0          90           7.1            2.4           12.0

Ws [mm]   Ls [mm]     t [mm]      d [mm]       εr

100           100          0.762         2.0          2.17

Ws [mm]   Ls [mm]     t [mm]      d [mm]       εr

100           100          0.762         2.0          2.17

Lf [mm]    Lc [mm]   Wc [mm]   w[mm]    g[mm] 

50.0           0.2           0.2           7.5           1.0

Lf [mm]    Lc [mm]   Wc [mm]   w[mm]    g[mm] 

50.0           0.2           0.2           7.5           1.0

r [mm]   h [mm]   Px [mm] Py [mm]    Lm [mm] 

0.8        1.575      12.25        12.25          75.5

r [mm]   h [mm]   Px [mm] Py [mm]    Lm [mm] 

0.8        1.575      12.25        12.25          75.5  
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Fig. 3 Reflection phase of EBG reflector. Fig. 4 Reflection coefficient S11 vs. frequency. 
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Fig. 5 Radiation patterns in xz-plane (co-polarization). 
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Fig. 6 Radiation patterns in yz-plane (co-polarization). 

 

Fig. 7 Current distributions on EBG reflector. 
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Fig. 8 Frequency response of actual gain observed in z-direction. 


