
Consideration of Bandwidth of the Small EBG-Resonator Antenna Using the
In-Phase Highly-Reflecting Surfaces

Yading Li(I), Karu P. Esselle (I)
(1) Center for Electromagnetic and Antenna Engineering

Electronic Department of Macquarie University, Syndey, NSW 2109, Australia
E-mail: liyd@ics.mq.edu.au.esselle@ics.mq.edu.au

The drawback of the small EBG-resonator antenna using a square-patch in-phase highly
reflecting surface (HRS), proposed in [1], is its narrow bandwidth. The theoretical
method is cleared for analyzing the effect of the bandwidth of the in-phase HRS on the
bandwidth of the EBG-resonator antenna in this paper. To enhance the gain bandwidth of
the antenna according to the theoretical rule, a double-layer mushroom-type in-phase
HRS surface, whose reflection phase decreases much slower with frequency than that of
the square-patch HRS, is designed. Results of an antenna application with wider
bandwidth at 11.9 GHz are shown.

Introduction
The periodic structures with complete PEC ground plane, which show the in
phase reflection boundary condition, are named as artificial magnetic conductors
(AMC). To date, two classes of AMC surfaces have been reported: (1) Surfaces
with vias, including the mushroom-like, high-impedance surfaces with metal
patches and perpendicular vias [2]. (2) Via-less surfaces, including the uni-planar
compact photonic bandgap (UC-PBG) structures [3] and surfaces with periodic
square metallic patches [4]. In one practical application of AMC surfaces
proposed in [5], the PEC ground plane of an EBG-resonator antenna has been
replaced by an AMC surface, in order to decrease the cavity height (Le. d) to
Ao /4. However, in practice, it is useful to have a PEC ground plane for feed

design. Hence, through replacing the out-of-phase highly-reflecting surface
(HRS), which has "-'1800 reflection phase, by a surface that has a reflection phase
,,-,00

, a small EBG-resonator antenna was proposed in [1]. However the drawback
of this system is its narrow bandwidth. Therefore the effect of the bandwidth of
the in-phase HRS on the bandwidth of the EBG-resonator antenna is theoretically
studied in order to enhance the gain bandwidth of the antenna in Section 1.
According to the theoretical rule, a double-layer mushroom-type in-phase HRS,
which has much wider bandwidth than the square-patch HRS, is designed. The
results of its antenna application show the enhanced gain bandwidth.

1. Consideration of bandwidth
In [6], three factors, which affect the bandwidth of the EBG resonator antennas
with the out-of-phase HRS, have been identified. The bandwidth of the out-of
phase HRS was also studied for enhancing the antenna's bandwidth in [5] and [7].
If the out-of-phase HRS is replaced by an in-phase HRS, such as the antenna in
[1], the resonance condition becomes

21r
f/JR +qJR ---x:2d = 2N1l, N=O,l,2 ... (1)
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where t/JR = Ii is the reflection phase of the PEC ground plane, and flJR is the
reflection phase of the in-phase HRS. When flJR =Oat 10' the resonant cavity

height is d = Ao + N Ao, N = 0,1,2 ...• At d = Ao in (l), if q>R ( f) decreases with
424

frequency around 10' the resonance condition (1) is only satisfied within a narrow
frequency band. The operating bandwidth can be enlarged by reducing the curve
slope of the reflection phase of the in-phase HRS. A slight linear increase of the

reflection phase, i.e. dq>R / df = 4Jr d , results in the maximum bandwidth, which
c

is the same as the results for the out-of-phase HRS in [5] and [7].

2. Realization of in-phase highly-reflecting surfaces and their application in
EBG-resonator antennas

The simplest way to construct an in-phase HRS is to open windows in the PEC
ground planes in the known AMC surfaces. The geometry of a new double-layer
mushroom-type in-phase HRS is depicted in Fig. 1. This mushroom-type HRS,
extended from [2], includes double layers: the top and middle square patches. A
square-loop slot is etched in the PEC ground plane to allow a small amount of
energy passing through. An AMC bandwidth of 55% is observed from 8.5-15
GHz in Fig. 2.

A square-patch HRS has been proposed in [1], which consists of one-layer
periodically distributed, metallic square patch, printed on the top surface, and its
complementary pattern printed on the bottom surface of an FR4 substrate
(er =4.4) 1.6mm thick. Its reflection phase is also plotted in Fig. 2. This HRS
shows in-phase reflection at 11.8GHz with a 34% AMC bandwidth from 9.8
13.8GHz.
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Fig. 1: The geometry of the unit cell of the proposed double-layer mushroom
type in-phase HRS. (a) The top metallic square patch. (b) The middle metallic

square patch. (c) The side view of HRS showing the vias. (d) The bottom pattern
of the proposed HRS. The dark areas represent the metal part. The parameters are

pl=4mm, p2=6mm, p3=3mm, p4=2mm, p5=1.6mm, p6=1.4mm,

P7 =1.5mm, pg =2mm.



The square-patch in-phase HRS has been successfully proposed as the superstrate
in the small EBG-resonator antenna, as shown in Fig. 3, in [1]. By replacing the
square-patch in-phase HRS by the double-layer mushroom-type in-phase HRS in
Fig. 3, a wider-band EBG-resonator antenna is constructed.
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Fig. 2 The reflection phase of the double-layer mushroom-type in-phase HRS
comparing to the square-patch in-phase HRS.
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Fig. 3 The geometry of the EBG-resonator antenna using the in-phase HRS as
superstrate.

3. Simulation Results
A full-wave simulation of the antenna is carried out in HFSS. In order to evaluate
the effect of the bandwidth of HRS on the resonance condition of EBG resonator
antennas, the simulated directivity of the antenna using the double-layer
mushroom-type HRS is plotted in Fig. 4, comparing to the directivity of the
antenna using the square-patch HRS. Here the "directivity", rather than "gain", is
selected because we are interested in separating the effect of the in-phase HRS on
evaluating the resonance condition from the effect of the feed. As shown in Fig. 4,
3dB directivity bandwidth of the antenna with the mushroom-type HRS is 10.8%,
nearly doubling that of the antenna with the square-patch HRS. This result proves
the theoretically predicted result in Section 1. With reducing the curve slope of
the HRS reflection phase around the in-phase reflection point, the resonance
condition can be satisfied in a wider frequency bandwidth. Until now, an in-phase
HRS, which exhibit slightly increasing reflection phase over the operating
frequency range, has not been found.



4. Conclusion
A double-layer mushroom-type in-phase HRS has been proposed as the
superstrate in a small EBG-resonator antenna, in an effort to enhance the
bandwidth the antenna. The theoretical rule for the in-phase HRS, the same as that
for the out-of-phase HRS, has been proved. With reducing the curve slope of the
HRS reflection phase around the in-phase reflection point, the resonance
condition can be satisfied in a wider frequency bandwidth.
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Fig. 4 The simulated directivity of the EBG resonator antenna using the double
layer mushroom-type in-phase HRS, comparing to the directivity of the antenna

using the square-patch HRS.
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