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A slot-array-fed 1D EBG resonator antenna, presented previously, demonstrated high 
gain and large bandwidth [6]. In this paper, we propose a method to reduce the overall 
height of this antenna, by replacing the three-layer 1D EBG superstrate with a single-
layer of highly reflective frequency selective surface (FSS). A significant reduction of the 
antenna height from mm30  to mm4.12  is predicted with a %8  gain bandwidth and 
dB24  gain. A 32-slot array is perforated on the metallic ground plane and is fed by 

a Ω50  stripline power divider network. Theoretical results are obtained using HFSS. 
 

Introduction 
Over the last decades, various configurations have been proposed to enhance the 
gain of antennas. Among them are: (1) leaky-wave planar antennas with small 
propagation constant producing narrow beams at broadside [1]-[2]; (2) antennas 
with multiple dielectric layers as superstrates [3]; (3) 1D EBG resonator antenna 
[4, 9] and dual 1D EBG resonator antenna with improved gain and bandwidth [5-
6]; (4) Fabry-Perot cavity between a ground plane and a partially reflective 
surface [7-8]. Although there are some similarities between these techniques, each 
of them can guide engineers to different practical designs. This paper presents a 
high-gain, wideband, slot-array-fed EBG resonator antenna, which is essentially 
an extension of previous work carried out on a slot-array-fed EBG resonator 
antenna, which has three layers of superstrates to form a dual resonator [5-6]. We 
replaced the three layers of superstrates with a properly selected 2D planar printed 
periodic surface to reduce the height of the antenna without significantly 
compromising the gain and bandwidth. Simulation results from HFSS show the 
advantages of the proposed configuration. 
 

Description of the Antenna and Design Procedure 
The cutaway drawing of the proposed antenna is shown in Fig. 1. The high gain 
antenna is formed by placing the highly reflective FSS at a half-wavelength 
distance above the metallic ground plane. The FFS is constructed using a square 
patch array periodically printed on the bottom side of a RT5880 superstrate with a 
dielectric constant of 2.2  and a thickness of mm13.1 . The FSS parameters have 
been adjusted so that its reflection phase changes slowly in the operating 
frequency band. This leads to wideband performance [8]. The length of square 
patch is mm64.8  and lattice constant is mm5.9 . The ground plane contains 84×  
array of slots, each mmmm 2.384.10 ×  in size. They are separated by half free 
space wavelength of operating frequency in the x direction and one wavelength in 
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the y direction. These slots are fed by a 50 Ω  stripline network shown in Fig. 2, 
which is a 32-way Ω−Ω 5050  power divider delivering signals of equal 
amplitude and phase to each slot. The stripline is sandwiched between two 
cascaded layers of mm787.0  thick Rogers RT/Duroid 5880 substrates. 
 

Antenna Performance 
A full-wave simulation of the antenna is carried out in HFSS. The E- and H-plane 
radiation patterns at 12.1 GHz are shown in Fig. 3. The theoretical gain is about 
dB22 , which is comparable to the dB7.22 gain of the antenna in [5],[6]. The 

sidelobe level is about dB15− , which is dB5 higher than the sidelobe level of dual 
resonator antenna [5],[6]. This is mainly because of the finite extent of the FSS 
along transverse directions. The computed gain is plotted in Fig. 4. The maximum 
gain is dB5.24  at GHz5.12  and the dB3  gain bandwidth is 8% from 

GHz9.129.11 − . For comparison, the gain of a microstrip-fed PEC-PMC Fabry 
Perot resonant cavity [8] is about dB20 at GHz14  and the bandwidth is %2 . 

 
Conclusion 

A highly reflective FSS is used as the superstrate for a Fabry-Perot resonant 
cavity fed by a slot array, in place of three layers of superstrates in a previous 1D 
EBG resonator antenna, to reduce the antenna height. Still excellent gain and 
bandwidth is predicted.  
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Fig. 1: Configuration of the antenna with a Fabry-Perot (FP) cavity. A FSS with metallic 

square patches is placed half wavelength above the ground plane. The height is 
significantly reduced by removing the second EBG superstrate [6] and adjusting the 

parameters of the FSS 

 
(a) (b) 

Fig. 2: (a) Stripline feed network for the 84× slot array. Slot array is perforated 
on the top metal surface of stripline. (b) The 32-way power divider is composed 

of 15 two way Ω→Ω 5050 power dividers. 
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Fig. 3: The radiation pattern of the antenna at GHz1.12 . Theoretical peak gain is 
22dB. The red line represents H-plane radiation, while the blue line represents E-

plane radiation.  

 
Fig. 4: Theoretical gain of the antenna versus frequency.  
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