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ABSTRACT

This paper presents our recent achievements on the study of high-gain low-profile electromagnetic band-gap (EBG)
resonator antennas (EBGRA) using our newly-developed GA-FDTD method. We first introduce the EBGRAs of dual-
polarisation, circular-polarisation and single-polarisation applications. Then a class of more versatile EBGRAs based on
a single thinner metamaterial layer is presented. Thirdly, an EBGRA, with a low-profile, a height of a quarter
wavelength between the metamaterial layer and the ground, and still a high gain, is presented. Finally, we give the result
of our recent study on the short-range scanning EBGRA.

INTRODUCTION

Metamaterials have attracted much attention among researchers in the antenna area. One of important applications is to
apply metamaterial covers as superstrates to enhance the gain of small antennas. Recently, we developed a novel
method [1] to design high-gain resonant cavity antennas. Based on the method, the design of these antennas is
transformed to that of the high Q-factor resonant cavity. Applying our in-house GA-FDTD code, which combines the
finite-difference time-domain (FDTD) method with a genetic algorithm (GA), EBGRAs with high gain and low profile
can be achieved.

In this paper, we present four of our recently developed high-gain low-profile EBGRAs [2-5]. The basic configuration
of them is shown in Fig. 1(a), which is composed of a single-layer superstrate and a ground plane and excited by a small
patch antenna. The superstrate is a frequency-selective-surface (FSS) based EBG structure, made up of FR4/Epoxy
material that has a low dielectric constant of 4.4, and loaded with periodic metallic patterns on its two sides. These
antennas have advantages of high gain, low profile, low cost and ease of fabrication and mounting.
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geometry of the EBGRA and the dimensions of the cavity are the same as above. The optimised metallic patterns and
the simulated radiation patterns are plotted in Fig. 5. The maximum simulated directivity is 22.52 dBi.

A HIGH-GAIN ULTRA-LOW-PROFILE SINGLE-LAYER EBGRA
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Fig. 5 Optimised metallic patterns and measured
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(about 0.254, at 12.0 GHz). The two different metallic patterns are two square metallic patches with side lengths of 5.5

mm and 1.5 mm respectively. In the simulation of the antenna,
the superstrate has a size of 90x90 mm’ (3.649x3.61,). The
theoretical radiation patterns are plotted in Fig. 6 and the
simulated maximum directivity is 17.46 dBi.

A SCANNING EBGRA

Phased arrays have been extensively applied in the radio
direction-finding and radar systems. As one class of phased
arrays, the frequency-scanning array has the advantages of
simplicity, low cost and ease of implementation. Previously a
frequency-scanning array needs a lot of antenna elements that
are placed on a surface, with an appropriate distance each
other. Changing the frequency will result in a phase difference
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will deviate the original one when without the superstrate. For
example, if the metamaterial superstrate is designed to make
the main beam in the broadside of the antenna, when applying it to a frequency-scanning array, the scanning range will
be reduced. Here we will use the EBGRA of single polarisation presented above to study the frequency-scanning
characteristic of the EBGRA.

patterns

The EBGRA has the similar structure to that shown in Fig. 1(a), except that two feed antenna elements instead of one in
Fig. 1(a) are used to excite the antenna. In our FDTD simulation, the two elements are aligned along x-axis, both x-



polarised and fed using a serial feedline. Although the space distance of them is 0.54y, in order to result in a large beam
scanning-range, the length of the feedline (d) between them is set to 9.0 Ay. At the designing frequency of the EBGRA,
11.8 GHz in this case, due to the two sources in-phase, the main beam is located in the broadside direction. The beam
moving to the right and left sides is determined by the operating frequency higher or lower than the designing
frequency. Table 1 shows our simulated results. It can be seen that the scanning-range is —2./ %11.0° within the
frequency range of /1.2-12.2 GHz, while it is —18.1 =30.5 °within the same frequency range if without the metamaterial
cover. The directivity is within the range of 13.77-22.79 dBi, while it is 9.55-10.61 dBi within the same frequency range
if without the metamaterial cover. Note that the frequency of the beam at the broadside is not the designing frequency of
the metamaterial cover. The reason is that the designing frequency of the metamaterial cover is different from that of
the frequency-scanning EBGRA. When the frequency is above the designing frequency of an EBGRA (/2.0 GHz), the
radiation pattern will deteriorate. We can only utilise the frequency range below /2.0 GHz to carry out the beam
scanning. Therefore, the designing frequency of the frequency-scanning EBGRA is chosen below /2.0 GHz so that
radiation patterns are reasonable in the scanning-range. However, we found from our simulations that due to strong
resonance, the beam at /2.2 GHz cannot deviate much the direction of the broadside, only 2./ °in our case. Therefore,
the designing frequency of the frequency-scanning EBGRA can be the same as that of the metamaterial cover. The short
scanning-range achieved by an EBGRA is about 0.0 °- /1.0 °using the frequency range below the designing frequency.

With MS Without MS
f, (GHz) 0 Directivity 0 Directivity
11.2 11.2° 13.77 dB 30.5° 9.55dB
11.3 7.4° 16.33 dB 24.2° 9.93dB
114 7.0° 16.46 dB 18.9° 10.27 dB
11.5 4.3° 18.25 dB 14.4° 10.33 dB
11.6 1.7° 19.30 dB 9.8° 10.31 dB
11.7 0.8° 19.11 dB 4.5° 10.29 dB
11.8 0.2° 20.82 dB 0.3° 10.32 dB
11.9 -0.6° 22.33 dB -4.3° 10.44 dB
12.0 -0.9° 22.79 dB -8.9° 10.55 dB
12.1 -1.5° 22.10dB -13.2° 10.61 dB
12.2 -2.1° 19.54 dB -18.1° 10.49 dB

Table 1 Simulated results of the frequency-scanning EBGRA
(8 is the direction angle of the beam, MS denotes the metamaterial superstrate)

CONCLUSION

In this paper, several designs of high-gain low-profile EBGRAs with different applications have been presented. These
EBGRAs are composed of a single metamaterial layer based on an FR4/Epoxy superstrate that has a dielectric of 4.4.
Different applications, such as dual-polarization, circular-polarization and single-polarization operations, and short-
range scanning, are successfully implemented in those presented EBGRAs. Good agreement between theoretical and
experimental results has been obtained. The advantages of low cost, structure simplicity and ease of fabrication and
mounting make them attractive for wireless applications.
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