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Abstract 
We propose a low-profile high-gain electromagnetic band-gap (EBG) resonator 
antenna that utilizes a double-sliced frequency-selective surface (FSS) on a single 
superstrate. In this design, a microgenetic algorithm is employed to optimise the FSS 
so that the EBG resonator antenna can achieve a directivity of 22 dBi, which is 
normally achieved by EBG antennas with multiple dielectric layers. 

Introduction 
Electromagnetic band gap (EBG), or photonic band gap (PBG), structures have 
attracted much attention among researchers in the antenna area [1-6]. The planar 
antenna gain can be enhanced using a high-permittivity cover [1, 2], a dielectric-rod [3] 
or a metallic-rod [1] EBG structure, a frequency-selective-surface (FSS) structure [4], 
or a magneto-dielectric structure [5] as the superstrate layer. It is found that the gain of 
EBG antenna increases with the quality factor Q (Q-factor) [6]. The high Q-factor or 
high gain (> 20 dB) can be achieved using multilayer superstrates, but this increases 
the height as well as the complexity of the antenna. In this paper, we will present a 
high-gain, low-profile EBG antenna, composed of a single-layer double-sliced FSS and 
a ground plane.  

Design of the EBG Resonator Antenna 
The described EBG resonator antenna consists of a printed patch antenna, a superstrate 
layer and a ground plane, as shown in Fig. 1. The superstrate is a FSS layer where two 
different periodic metallic patterns are printed on its two surfaces. The FSS layer and 
the ground plane form a resonant cavity. To analyse such an EBG resonator antenna, 
we apply image theory to remove the ground. The cavity composed of the FSS layer 
and its image will resonate at the same frequency as that of the EBG resonator antenna. 
Considering the periodicity of the EBG structure, the periodic boundary condition 
(PBC) is applied so that the analysis of the EBG antenna can be reduced to that of a 
single cell. Fig. 2(a) shows the configuration we analysed, which is composed of a 
single cell and its image. 

 A finite-difference time-domain (FDTD) method with periodic boundary conditions 
(PBCs) and uniaxial perfect matched layer (UPML) was implemented [7] to 
characterise periodic structures and then combined with a microgenetic algorithm 
(MGA) to design and optimise periodic metamaterials [7]. The FDTD method is used 
here to calculate the transmission coefficient (S12) of the structure in Fig. 2(a). The 
MGA is employed to optimise the two metallic patterns on both sides of the FSS layer 
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so that a high gain or directivity is achieved. The relation of the directivity of the EBG 
antenna to the quality factor Q of the resonant cavity is revealed in [6]. In brief, a high 
Q-factor of the cavity leads to a high directivity of the EBG antenna. In a high Q 
resonant cavity, the Q- factor can be approximately evaluated by the 3-dB bandwidth 
of the transmission coefficient [6]. To design such a high-gain EBG antenna, the top 
and bottom surfaces of the unit cell are divided into two 12×12 grids respectively. The 
grids are then encoded into a binary code. The metallic patterns related to the grids are 
optimised by the MGA so that the minimum 3-dB bandwidth of the transmission 
coefficient is obtained. This will give rise to the maximum directivity of the 
corresponding EBG antenna.  

The EBG antenna is designed to operate at 12 GHz. The distance between the 
superstrate and the ground should be about a quarter wavelength, and hence the 
distance between the unit cell and its image is 24 mm, as shown in Fig. 2(a). To obtain 
an antenna with the main beam located in the broadside direction, normal incidence is 
considered to calculate the transmission coefficient, as shown in Fig. 2(a). The side of 
the square unit cell is 6 mm. In this design, the material of the FSS layer is FR4 that 
has a dielectric constant of 4.4 and a thickness of 3.2 mm. 

Results 
The transmission coefficient for the final antenna design is shown in Fig. 2(b). The 
value of the Q-factor based on the 3-dB bandwidth of the transmission is about 53.3. 
The metallic patterns of a single cell and a 3×3 cell array for the top and bottom 
surfaces of the FSS layer are plotted in Fig. 3(a) and 3(b) respectively. The dimension 
of the FSS layer in the designed antenna is 150×150×3.2 mm3, which includes 25×25 
unit cells. The directivity of the antenna is computed using the FDTD method and 
plotted in Fig. 4. For comparison, the directivities of EBG resonator antennas with one 
(1LEBG), two (2LEBG) and three superstrate layers (3LEBG), of the same 150×150 
mm2 size, although with no printed metallic patterns on their surfaces, are also 
computed and plotted in Fig. 4. Further increasing the number of superstrate layers will 
not enhance the directivity significantly because the maximum directivity determined 
by the area of the superstrate is very close to the maximum directivity of the 3LEBG. It 
can be seen that the directivity of the proposed EBG antenna is greater than for the 
2LEBG layer and close to that of the 3LEBG, although the dimension is the same as 
the antenna with the 1LEBG layer. Fig. 5 shows the theoretical radiation patterns at 12 
GHz of the designed EBG antenna in the x-z and y-z planes. 

Conclusions 

A high-gain, low-profile EBG resonator antenna, composed of a single FSS layer and a 
ground plane, was successfully designed using a microgenetic algorithm/FDTD 
method. The FSS layer consists of FR4 material covered with metallic patterns on both 
surfaces. The metallic patterns are optimised using the numerical method so that a high 
Q-factor is achieved in the resonant cavity bounded by the FSS layer and the ground. 
The antenna operates at a centre frequency of 12 GHz and has a theoretical directivity 
is over 22 dB. 
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Fig. 1 Configuration of the proposed antenna 

 

 
Fig. 2(a) Configuration and dimensions of the unit cell for MGA/FDTD optimization 

               (b) Normal incidence transmission of the final design                    
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(a) 

 
(b) 

Fig. 3 (a) Optimal Geometry of the unit cell and a 3×3 cell array on the top surface  
          (b) Optimal geometry of the unit cell and a 3×3 cell array on the bottom surface 

 
Fig. 4 Theoretical directivities of EBG antennas 

 
Fig. 5 Simulated radiation patterns of the proposed antenna at 12 GHz 
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