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Abstract

A simple method is proposed for obtaining a partially reflective surface with increasing
reflection phase for use in wideband, low-profile electromagnetic band-gap resonator
antennas. Using the proposed types of partially reflective surfaces and a perfect electric
conductor ground, a wideband resonant cavity can be formed and hence a wideband
resonant cavity antenna can be designed. The method to design the partially reflective
surface is described and examples are given.

Introduction

Electromagnetic band gap (EBG) resonator antennas, which have advantages of simple
structure, simple feeding mechanism and hence low cost, attracted much attention
among antenna researchers recently [1, 2]. However, an inherent disadvantage of this
kind of antennas is the narrow bandwidth due to their typically narrow band resonant
cavity structure. To overcome this, an active reconfigurable partially reflective surface
(PRS) antenna was developed [3] to achieve a 13.5% bandwidth with a relatively high
gain. Another attractive wideband EBG resonator antenna was developed by using a
double-layer frequency selective surface as the superstrate (FSS) [4]. This antenna has
the advantages of passive EBG resonator antennas while provides a wider bandwidth.

Here we propose a simple method to design a PRS for wideband EBG resonator
antennas. For example, a single dielectric layer with periodic printed dipoles on both
sides provides a close-to-optimal reflection phase for wideband antenna operation.

Expected Reflection Phase of PRS for Wideband EBG Resonator Antennas

An EBG resonator antenna has the general structure shown in Fig. 1, consisting of a
feed antenna, an EBG layer (or PRS) and a ground plane. The gain of the antenna is
mainly determined by the size of the PRS, the reflection of the PRS, the cavity height h,
as shown in Fig. 1, and the gain of the feed antenna. If the PRS and the feed antenna
are fixed, the height h determines the operating frequency and the gain of the antenna.

The PRS and the ground form a resonant cavity. If the cavity resonance condition is
satisfied, the maximum gain of the related antenna will be achieved. The cavity
resonance condition is associated with the reflection phases from the PRS and the
ground, the propagation phase through the cavity (h), and the operating frequency. It is
given by [5]
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where ¢p and ¢G are reflection phases of PRS and the ground, respectively. This
resonance condition ensures that all the waves arriving at the bottom surface of the
PRS after multiple reflections are in-phase with the first incident wave. For a PEe
ground, the reflection phase is always :t180 0 at the operating band. If the height h is
fixed, the variation of the reflection phase of a conventional PRS in a fixed frequency
band, for example 11 - 12 GHz, is plotted in Fig. 2. Note that this phase decreases with
increasing frequency. To maintain the resonance condition in the frequency band of 11
- 12 GHz, the expected or optimal reflection phase of the PRS (as determined by
equation (I)) at 11 - 12 GHz should be as shown in Fig. 2, for a fixed h=12.5 mm.
Note that this phase needs to increase with frequency. As the phase of a standard PRS
increases with frequency, an EBG antenna made out of a standard PRS is narrowband.
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Fig. 1: Geometry of the EBG resonator antenna.
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Fig. 2: Normal and expected (optimal) reflection phases of the PRS.

Design Principle ofPRS

We know that an object will exhibit significantly different electromagnetic properties
when resonant inclusions are introduced. Based on this, materials exhibiting negative



permittivity or permeability that doesn't exist in nature can be developed. Our attempt
is to design a PRS with close-to-optimal reflection phase by including resonant
inclusions.

We found that one set of resonant elements tuned to one frequency does not provide a
wide band of increasing reflection phase, hence two sets of resonant elements (one
resonating close to the lower end of the band and the other tuned to the upper end)
were considered. For simplicity, printed dipoles were chosen as resonant inclusions.

Fig. 3a shows our proposed PRS structure, which consists of a single dielectric layer
and two periodic dipole arrays printed on the two sides of the dielectric layer. A
transparent unit cell is also shown in Fig. 3b. As an example, the dielectric layer uses
Rogers RT5800 material, which has a dielectric constant of 2.2 and a thickness of 0.8
mm. The unit cell has a size of 9 mm x 6 mm x 0.8 mm. The two printed dipoles have
dimensions of 8.5 mm x 1 mm and 8 mm x 1 mm, respectively. The simulated
reflection phase of the PRS, obtained from the CST Microwave Studio 9.0 commercial
software, is plotted in Fig. 4. The reflection phase now increases with the frequency in
frequency band 11.6 -12.2 GHz.

--------~--

(a) (b)
Fig. 3: (a) Proposed PRS structure, and (b) A transparent unit cell.

Design Results

As a design example, we have designed a PRS for an EBG resonator antenna operating
around 11 - 12 GHz. For a PEC ground and h=13.8 mm, the optimal reflection phase
of the PRS should be as shown in Fig. 4, according to formula (1). This optimal
reflection phase makes the cavity formed by the PRS and the PEC ground satisfy the
resonance condition over a wide range of frequencies and hence results in a wideband
EBG resonator antenna.

CST Microwave Studio software is employed for the design and optimization. Rogers
RT5800 material is used to design the PRS. The size of the unit cell, the dimensions of
the two printed dipoles and the thickness of the PRS are the main design parameters. In
the final design, the size of the unit cell is 9 mm x 6 mm x 1.6 mm. The dimensions of
the two dipoles are 8.3 mm x 1 mm and 7.3 mm x 2 mm, respectively. The designed
reflection phase, obtained from CST Microwave Studio, is plotted in Fig. 4. It can be
seen that the designed phase is a good approximation to the optimal phase over a wide
frequency band from 11.15 GHz to 12 GHz.

The designed PRS has been used to form a resonator antenna. The PRS is placed at a
distance of h = 13.8 mm from a PEC ground. Formed cavity is fed by a single patch



antenna. The PRS has overall dimensions of 110 x 110 mm2 (about 4.5A x 4.5A at 12
GHz and 12x18 unit cells). The complete antenna was simulated using the FDTD
method. The theoretical gain was found to be > 15 dBi over the frequency band from
11.1 GHz to 12.1 GHz (ie. 8.6% bandwidth).
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Fig. 4: Theoretical reflection phases.

Conclusions

A method is proposed for the design of partially reflective surfaces with increasing
reflection phase, for the realization of wideband, low-profile EBG resonator antenna.
Simulations and design examples demonstrate the success of the method. The only
drawback is, as expected, the peak gain decreases as the bandwidth is improved, due to
the low Q-factor of the resonant cavity.
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