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1. Introduction 
 
 The short backfire antenna (SBA) developed by Ehrenspeck [1] has received much interest 
for its advantages, such as low cost, compactness, simplicity of construction, and high gain. The 
conventional SBA is composed of two parallel reflectors (main and sub reflectors) and a feed, 
which commonly includes a dipole placed between the reflectors, or an open-ended waveguide [2]. 
The SBA has successfully been used as either a single antenna or a primary feed in reflector 
antennas. 
 On the other hand, we have recently proposed an antenna system in which a short 
cylindrical dielectric rod is mounted on a launcher composed of Fresnel zone plates (FZPs) [3], [4] 
and a circular ground plane [5]. The FZPs have an advantage over a conventional dielectric lens in 
that its structure is planar. 
 In this paper, we develop a new SBA, in which FZPs are applied to a subreflector. We 
numerically demonstrate that high gain characteristics can be obtained with a simple configuration 
using the body-of-revolution finite-difference time-domain (BOR-FDTD) method [6]. 
 

2. Configuration and Numerical Method 
 
 Fig. 1 shows the configuration of an SBA with FZPs fed by a metallic waveguide (WCI-
120). A launcher is composed of FZPs and a circular ground plane whose radius is rGP. A rim whose 
height is Lrim is placed at the edge of the ground plane. It is assumed that the ground plane, FZPs 
and rim are perfectly conducting.  

The original structure of the FZPs whose even zones are transparent is shown in the inset of 
Fig. 1. When the focal length and the free-space wavelength are, respectively, designated as F and 
λ0, the radius Rn (n = 1, 2, 3, …) of the each zone is given by  

 
 
 
           The focal length and the design frequency are, respectively, chosen to be F = 0.7λ0 and 11 
GHz (λ0 ≅  27.3 mm), so that the radii of the edges of each zone are R1 = 0.97λ0, R2= 1.54λ0, and R3 

= 2.08λ0, The present configuration may also be considered to be an application of partially 
reflecting sheet arrays [7]. Note that the original structure defined by Eq. (1) is somewhat modified 
after the basic investigation. 

To obtain the impedance matching between the air and waveguide regions, we insert a 
tapered dielectric rod into the metallic waveguide. The relative permittivity of the rod is chosen to 
be εr = 2.0 (Teflon). The waveguide is excited with the TE11 mode. 

   The BOR-FDTD method is used to evaluate the radiation characteristics. The excitation 
scheme of a +z-propagation incident waveform is used for continuous wave simulation of the TE11 

mode. The directivity is calculated from the fields on a virtual closed surface regarded as a Huygens 
plane which encloses the antenna structure in the computational region. The grid widths are fixed to 
be ∆r ≅ 0.29 mm and ∆z ≅  0.27 mm. As an absorbing boundary condition, the second-order 
Higdon operator is placed at the edge of the computational region. 
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3. Discussion 
 
           We first investigate the dependence of the gain on the ground plane rGP and the rim length 
Lrim. Fig. 2 shows the contour plots of the gain. It is found that the gain reaches a maximum value of 
19.4 dBi, when rGP and Lrim are taken to be 2.7λ0 and 0.5λ0, respectively. Using these parameters, 
we study the basic characteristics of this antenna. 
           Figs. 3(a) and (b) present the radiation patterns in the E- and H-planes, respectively. The data 
presented by a dotted line is the calculated value for the antenna without the FZPs, while broken 
and solid lines show those with one FZP and two FZPs, respectively. As can be seen, the addition of 
the FZPs contributes to a sharper beam. The half-power beamwidths of the antenna with two FZPs 
are calculated to be ±6 degrees in both E- and H-planes.  
           Frequency responses of the gain and the return loss are shown in Fig. 4. It is found that a 
gain of greater than 19 dBi is obtained over a frequency range of 10.7 to 12.7 GHz, while a return 
loss of greater than 15 dB is maintained over a frequency range of 11 to 13 GHz. It is noted that the 
maximum gain is rather obtained at frequencies higher than the design frequency. This is partly due 
to the fact that Eq. (1) assumes a point source at the origin of the co-ordinate system.           
           To obtain the maximum gain at a design frequency of 11 GHz, we next investigate the 
modification of the FZPs. Preliminary calculation shows that a higher gain can be obtained at 11 
GHz when the radii of the edges of each zone are somewhat changed. As a result, the optimum radii 
are found to be R1 = 0.96λ0, R2= 1.61λ0, and R3 = 2.51λ0, when rGP and Lrim are fixed to be 2.7λ0 and 
0.5λ0, respectively. We choose these radii in the following analysis. We refer FZPs with the 
modified radii to modified FZPs. 
           In order to determine the optimum values of rGP and Lrim, we calculate the gain as a joint 
function of the ground plane rGP and the rim length Lrim. The results are shown in Fig. 5. It is 
observed that the rim length Lrim is insensitive to the gain. A maximum gain of 21.6 dBi is obtained 
when rGP and Lrim are chosen to be 3.1λ0 and 0.7λ0, respectively. 
           The radiation patterns in the E- and H-planes for the maximum gain are shown in Figs. 6(a) 
and (b), respectively. For comparison, the results for the SBA with the original FZPs are also 
presented. It can be seen that the patterns for the SBA with the modified FZPs have a sharper beam 
than that with the original FZPs. The half-power beamwidths of the SBA with the modified FZPs 
are calculated to be ±5 degrees and ±4.5 degrees in the E- and H-planes, respectively. 
           Fig. 7 shows the gain and the return loss as a function of frequency. It is confirmed that a 
maximum gain of 21.6 dBi is obtained at a frequency of 11 GHz at the expense of a narrower 
bandwidth than the SBA with the original FZPs shown in Fig. 4. A return loss of greater than 15 dB 
is obtained over a wide frequency range of 11 to 13 GHz.  
 

4. Conclusion 
 
 We have numerically analyzed a short backfire antenna with FZPs using the BOR-FDTD 
method. The use of the FZPs contributes to forming a sharper beam.  By choosing the optimum 
values of the rim height and the radius of the ground plane, a gain of greater than 19 dBi is obtained 
over a wide frequency range of 10.7 to 12.7 GHz, while a return loss of greater than 15 dB is 
maintained over a frequency range of 11 to 13 GHz. To increase the gain at a design frequency of 
11 GHz, we have modified the parameters of the FZPs. As a result, a maximum gain of 21.6 dBi is 
obtained at the design frequency. 
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      Fig. 1: Configuration                                     Fig. 2:  Gain contour (original FZPs) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) E-plane                                                                    (b) H-plane 
 

Fig. 3:  Radiation patterns (rGP = 2.7λ0, Lrim = 0.5λ0) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4:  Frequency responses of the gain                           Fig. 5:  Gain contour (modified FZPs) 
                    and the return loss (original FZPs) 
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   (a) E-plane                                                           (b) H-plane 
 

Fig. 6:  Radiation patterns (rGP = 3.1λ0, Lrim = 0.7λ0) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     Fig. 7:  Frequency responses of the gain and the return loss (modified FZPs) 
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