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A novel design of a sectoral antenna that utilizes a double layer Metallic Electromagnetic Band Gap (M-EBG) as a superstrate
for dual band directivity enhancement is presented in this paper. We obtain the different operating frequencies by adjusting the
distance of the lower M-EBG layer from printed patch antenna and also the height between upper and lower M-EBG layers. This
antenna operates according to a sectoral radiation pattern form presenting a half power beamwidth of at least 60°. The proposed
structure presents more than 17 dB directivity enhancement at 5.25 GHz and 5.65 GHz as compared to those of a patch antenna
with 9 dB directivity. The principle is explained and applied to a Hiperlan2 antenna.
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1. Introduction

The electromagnetic Band Gap (EBG) materials are peri-
odic structures in where the wave propagation for certain
frequency bands and certain incidence angles is prohibited
[1,2].

The insertion of a defect within the crystal EBG periodic-
ity can create an allowed band inside the forbidden band. By
exciting the defect structure at the allowed band frequency
it was proven that it is possible to design antennas with
interesting performances.

The one-dimensional radiation is ensured by the inser-
tion of a ground plane in the middle of the defect [2—4].

Recently, these materials have been used to design differ-
ent types of antennas with directive [3-6], omnidirectional
[7, 8], or sectoral radiation patterns [9, 10], where the M-
EBG is constituted by a layer of metallic rods.

Our objective was to obtain a dual-band metallic EBG
antenna able to radiate according to a sectoral form pattern
presenting a half power beamwidth of at least 60° in one of
the planes [9, 10].

In recent years, metamaterials based on Electromag-
netic Band Gap (EBG) structures using Frequency Selective
Surface (FSS) have been widely investigated in the anten-
nas domain for dual-band frequency and the bandwidth
enhancement [10-14].

In [10-14] a single and multilayer FSS with metallic strip
elements have been proposed as superstrate layers over patch
antenna to increase the patch directivity in single- and multi-
operating frequency bands.

In this paper, we propose an M-EBG consisting of a two-
layered Metallic EBG superstrate with same periodicities for
dual-band directivity enhancement.

Because the superstrates made by dielectric rod layers
and plates are difficult to fabricate in practice and a specific
dielectric constant is not always available, M-EBG can be
good candidates as alternatives to dielectric rod layers or
plates.

The structure proposed is able to generate two adjacent
bands which are needed by telecommunications standards
such as UMTS or Hiperlan2, these bands can be used to cover
both uplink and downlink for the same application.



2. Characteristics and Design of M-EBG
Superstrate Layers

The usual method to investigate the characteristics of the
structure is examining both superstrate layer and its image
on the ground plane using image theory [15].

The M-EBG structure is infinitely periodic in x, y
directions and finite in z direction (Figure 1). Therefore,
its properties are characterized using periodic boundary
condition for each unit cell.

To obtain the transmission coefficients of the structure in
Figure 1, it is illuminated from the bottom in the z direction
by a linearly polarized plane wave.

Figure 1(a) shows one cell of M-EBG layer consisting
of infinite numbers of metallic rods with a = 2 mm, the
periodicity p = 10 mm. The M-EBG structure is printed on a
dielectric layer whose thickness b = 5 mm and the dielectric
constant is 1.45.

Depending on the number of operating frequencies, the
superstrate above the patch antenna can have one layer
(Figure 1(a)) or more (Figure 1(b)).

The two-layered M-EBG structures are the same in terms
of dimension, periodicity, and thickness.

For dual-band directivity enhancement, we introduce 2
defects by inserting 2 M-EBG layers with the same properties
above the ground plane (Figure 1(b)).

The defects generated by the ground plane and the layers
of metallic rods will be referred to herein as Defect 1 with
D1 = 30.25mm and Defect 2 with D2 = 28.75mm,
respectively (Figure 1(b)).

The proposed structure acts as a resonator at two differ-
ent frequencies. The first one is approximately determined
by the distance between the ground plane and the lower M-
EBG layer (f1) (Defect 1), while the other is governed by
the distance between upper and lower M-EBG layers (f2)
(Defect 2) (Figure 1(b)).

Figure 2 shows the transmission coefficient of one M-
EBG layer, two M-EBG layer cases versus frequency. The
results present several interesting properties. The black curve
shows two different defect modes exist in the bandgap, and
they are useful for dual-band operation (Figure 2).

For example, the defect frequencies appear at 4.16 GHz
(f1) and 4.65 GHz ( f2) with the upper M-EBG layer, while
there exists only one defect frequency at 4.25 GHz without
Defect 2.

We can observe several transmission bands in the band
gap. In this case especially, we will use two modes at f1 =
4.16 and f2 = 4.65 GHz for the radiation of our antenna.

Figure 3 shows the electric field distributions for different
defect modes (mode 1—4).

From this plot, we see that the first and fourth modes
have maxima at the location of the ground plane, while
the second and third modes are zero there. Hence, only the
latter two modes can be available in the M-EBG superstrate,
and not the others, because only in these modes tangential
electric fields on symmetrical plane (Ground Plane) are zero
[15].
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FIGURE 1: (a) Unit cell geometry of the one layer M-EBG. (b) Unit
cell geometry with two layer M-EBG.
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FiGURE 2: Transmission coefficient characteristics with and without
the upper M-EBG layer.

Thus, the insertion of a ground plane at this location does
not modify the properties of the material. Nevertheless, it has
the advantage of reducing the height of the structure by half.

The variations of the directive M-EBG antenna directiv-
ity, with and without Defect 2, are shown in Figure 4.

To obtain a maximum directivity greater than 20dB
at the two bands, an M-EBG superstrate comprised of 36
metallic rods is designed above a printed patch antenna.

The lower M-EBG superstrate makes a directivity
enhancement at one frequency band, we stack another M-
EBG layer above the existing single-band one, in order to
achieve directivity enhancement in a second band (Figure 4).
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FiGURrE 4: Comparison of the simulated directivity with and without
the upper M-EBG layer.

Simulation results show that the operating frequencies
4.46 GHz and 4.92 GHz (Figure 4) are closely associated with
the transmission peaks of unit cell that are 4.16 GHz and
4.65 GHz (Figure 2).

3. Dual-Band M-EBG Sectoral Antenna Design

This work aims at the design of a dual-band sectoral antenna
useful for Hiperlan2 Network applications, which operates
at two frequency bands, namely, 5.15-5.35 GHz as an uplink
and 5.47-5.725 GHz as a downlink, respectively, with 17 dB
directivity and a half power beamwidth of 60° in the
horizontal plane.

This antenna uses one-dimensional M-EBG structures in
TM polarization (the rods are parallel to the E field) as a
superstrate reflective walls. The Dual-Band M-EBG antenna
is composed of three principal parts (Figure 5).

Feeding sources
(patch)

Ground plane
(PEC)

FIGURE 5: Front, Top, and 3D views of the Dual-Band Sectoral M-
EBG antenna.

(1) The ground plane where the feeding system (2
patches) is located.

(2) The two-layered M-EBG structures as a superstrate
made by periodic metallic elements.

(3) The vertical walls to ensure the sectoral functionality
of the antenna.

A sectoral radiation pattern can be obtained by using
a rectangular radiating aperture. This can be achieved
with an EBG resonator antenna, provided that the energy
propagation is impaired in one direction of the azimuth
plane.
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FIGURE 6: Directivity evolution for the two cases.
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FIGURE 7: Radiation patterns: (a) E plane, f = 5.15,5.25,5.32 GHz

(b) H plane, f = 5.15,5.25,5.32 GHz.
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FiGure 8: Radiation patterns: (a) E plane, f = 5.5,5.65,5.7 GHz (b)
H plane, f = 5.5,5.65,5.7 GHz.

The use of vertical walls into the cavity (Figure 5) to limit
the energy propagation results in the desired effect. Those
will limit the repartition of energy, leading to the desired
spot.

The wall confines the field and preserves it inside the
cavity by limiting its spreading out in the horizontal plane.
Consequently the radiant spot extends and takes an elliptic
form [9, 10].

The dual-band sectoral M-EBG antenna made up of 4
metallic rods in order to adjust the quality factor at each
band (directivity greater than 17 dB) and to assure sectoral
radiation (sectoral aperture of 60°).

The feeding system presents two patches spaced out by
D = 55mm correspond to Ap. In our design we use a
square patch with 20 mm side. This patch is printed on a thin
substrate layer (thickness 2 mm, ¢, = 1.45).

The simulated ground plane has the same size as the
structure, thatis, L = 375mm * L = 56 mm.
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4. Simulated Results of the Final Structure

The antenna structure has been simulated with CST
Microwave Studio, a Finite Integration Technique (FIT)
based software.

The simulation results are shown in Figure 6 which
represents the directivity versus frequency.

As expected, there are two separate frequency bands
with maximum directivities greater than 17 dB (see Figure 6)
compared to that of two patches only case (12 dB max).

In the frequency bands (5.15-5.35), (5.47-5.725) GHz,
the directivity varies between 14 dB and 17.2 dB.

We observe that the two frequency bands obtained with
the directive M-EBG antenna (see Figure 4) shift to upper
frequencies (see Figure 6) as the vertical walls are introduced
into the cavity.

The operating frequencies match exactly the frequencies
used for the Hiperlan2 network system.

The E-plane and H-plane radiation patterns at the two
radiation bands frequencies are shown in Figures 7 and 8,
respectively.

In the E plane the radiation is directive; on the other
hand, the radiation pattern in the horizontal plane presents
an interesting sectoral aperture of 60°.

The patterns have low side lobes, so we can estimate that
the structure volume is well dimensioned.

5. Conclusion

This manuscript proposes an original application of M-EBG
materials to build dual-band sectoral antennas with several
advantages.

The study of EBG materials showed us that their elec-
tromagnetic properties allow designing high gain antennas
design.

Two highly reflective M-EBG layers are used as the
superstrate for a resonant cavity fed by a patch array to create
a dual frequency band.

We showed that the planar structures can be adapted to
obtain structures whose radiation is sectoral >60° in azimuth
plane and directive in the vertical plane.
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