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Abstract—This paper proposes the development and design of
double layer metamaterials based on electromagnetic band gap
(EBG) rods as a superstrate of a resonator antenna to enhance
required antenna characteristics for the mobile base station. The
metallic rod type metamaterial can partially reflect wave of a primary
radiator. The antenna was designed and analyzed by a simulation
result from CST Microwave Studio and designed technique could be
confirmed by a measurement results from prototype antenna that
agree with simulation results. The results indicate that the antenna
can also generate a dual polarization by using a 45˚ oriented curved
strip dipole located at the center of the reflector plane with double
layer superstrate. It can be used to simplify the feed system of an
antenna. The proposed antenna has a bandwidth covering the
frequency range of 1920 – 2200 MHz, the gain of the antenna
increases up to 14.06 dBi. In addition, an interesting sectoral 60˚
pattern is presented in horizontal plane.

Keywords—Metamaterial, electromagnetic band
polarization, resonator antenna.
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I. INTRODUCTION

D

UAL polarization antennas with sector-shaped radiation
pattern are often required for the mobile communication
systems. To radiate the dual polarized wave, two dipole
antennas need to be used with dual feeding. They are placed
on a reflector plane at ±45˚ angle and arrayed to improve the
gain [1]-[4]; however, it is hard to fabricate the feed system.
Even though the dipole antenna is still interesting in wireless
communication systems, it has elementary structure, simple
concept, and broadband characteristics [5]-[7]. One solution to
enhance the gain of an antenna is using metallic reflector
plane as shown in Fig. 1 (a). The metallic reflector is located
at the back of a dipole antenna with gap as a quarter
wavelength. Usually, the main disadvantage of an antenna on
metallic plane is making the overall size of the antenna too big
and bulky for the low frequency range of operations.
Moreover, the reflector plane cannot suppress the surface
wave, so an antenna gain and efficiency will then be greatly
decreased [8]-[10]. Figs. 2 (a) and 3 (a) show radiation
patterns of a curved strip dipole on reflector plane. Due to a
45˚ oriented primary radiator located over the reflector plane,
its polarized waves values are equal in both x (horizontal) and
y (vertical) axis with the maximum gain of 7.6 dBi at 2100
MHz. In this case, when a 45˚ oriented curved strip dipole on
reflector plane has a positive effect on the pattern, it is leaving
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the beam at its centre.
In recent years, metamaterials based on electromagnetic
band gap (EBG) structures have been widely investigated in
the antennas domain to enhance gain and radiation efficiency.
The metamaterials classified by a permittivity and
permeability are primarily dependent on the geometrical
properties of an inclusion shape and mutual distance between
the lattices constant. EBG is not only used to a reflector plane
[11]-[13], but also adapted for a superstrate of the primary
radiator with reflector plane [14]-[17]. The main advantage of
the EBG resonator is enhancing gain and efficiency. To
confirm the advantage of the EBG resonator, we presented the
radiating curved strip dipole antenna with cavity wall which is
composed of single layer EBG as a superstrate and metallic
reflector [18]. Unfortunately, few papers were proposing the
EBG structures for polarization adjustment [19], [20].
In this paper, the metallic rods are used to a partially
reflective surface (PRS) of a 45˚ oriented curved strip dipole
located at the center of the reflector plane. The horizontal
polarized partially reflective surface (PRS polar H) is placed
above a primary radiator as shown in Fig. 1 (b). Not only it
can improve the gain in horizontal polarization (as seen in Fig
2 (b)), but also the gain in vertical polarization is improved by
using the vertical polarized partially reflective surface (PRS
polar V) as shown in Figs. 1 (c) and 2 (c). A part from this,
both of superstrate layers contribute to symmetrical radiation
pattern of the antennas demonstrated in Figs. 2 (b), 2 (c), 3 (b)
and 3 (c). Two layers of metallic rod type metamaterials,
horizontal and vertical polarizations, are combined for dual
polarization with high gain. However, the square antenna is
not suitable and does not meet the requirements of the sector
antenna element, in this paper; the antenna is reduced in size
and added the vertical walls in yz plane for wide beamwith in
horizontal plane.
II. PARTIALLY REFLECTIVE SURFACE STRUCTURE
In this paper, we firstly simulate the unit cell of
metamaterial, a unit cell defined by parameters a0, g0, and t0,
shown in Fig. 4 (a). Aluminium rod is surrounded by four
periodic boundaries. This model can be used to estimate the
transmission and the reflection of the aluminium rods structure.
The resonant frequency is determined by the parameter of the
aluminium rod structure, especially by the width and thickness
of rod structure. An aluminium rod structure is divided into
polarized groups which are PRS horizontal polarization (PRS
polar H) and PRS vertical polarization (PRS polar V). The
PRS polar H and V structures resonating at 2100 MHz are
designed and denoted in Figs. 4 (b) and 4 (c). The parameters
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are optimized by using CST microwave studio. The
aluminium rods are 1 mm and 6 mm thick, respectively, and
the parameters are as follows: A1 = 13.26 mm, A2 = 3.85 mm,
g1 = 29.83 mm, g2 = 46.42 mm and t1 = t2 = 530 mm. The Sparameters of the unit cell are simulated and then the S11 and
S21 can be plotted in Fig. 5 (a). These results indicate that PRS
structure is partially reflective surface, as shown in Fig. 5 (b).

Whenever the electromagnetic band gap becomes one of the
several aluminium rods’ functions, it works as a medium in
the form of a superstrate. Figs. 5 (b) and 5 (c) demonstrate the
propagation of electromagnetic fields which is passed through
the medium. When the electromagnetic field propagates on the
medium, the reflection and refraction wave occur.

(b)

(a)

(c)

Fig. 1 3 D radiation patterns and structures of a 45˚ oriented curved strip dipole placed (a) over reflector plane with quarter wavelength,
(b) between reflector and PRS polar H, and (c) between reflector and PRS polar V
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Fig. 2 The xz plane of a 45˚ oriented curved strip dipole placed (a) over reflector with quarter wavelength, (b) between reflector and PRS polar
H, and (c) between reflector and PRS polar V

(a)

(b)

(c)

Fig. 3 The yz plane of a 45˚ oriented curved strip dipole placed (a) over reflector with quarter wavelength, (b) between reflector and PRS polar
H, and (c) between reflector and PRS polar V

International Scholarly and Scientific Research & Innovation 8(7) 2014

1040

ISNI:0000000091950263

Open Science Index, Electronics and Communication Engineering Vol:8, No:7, 2014 publications.waset.org/9998638/pdf

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering
Vol:8, No:7, 2014

Fig. 4 (a) Unit cell of PRS rod structure, (b) PRS polar H, and (c) PRS polar V

Fig. 5 (a) the S-parameters of PRS, (b) wave propagation of PRS, and (c) near-field distribution

(a)

(b)

Fig. 6 Antenna configurations (a) 3D view and (b) side view of dual polarization square antenna. The center point of antenna
is defined as the origin of coordinates

(a)

(b)
Fig. 7 The reflection (a) amplitude and (b) phase of PRS
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between the reflection phase and (1), so the height h1 is chosen
to be 67 mm for the resonant frequency of 2100 MHz.
According to our expectations of the dual polarized antenna,
PRS polar V is added to the lower reflective wall with fix the
cavity height (h2) of 63 mm. If the cavity height (h parameter)
is changed, Fig. 8 denotes that the resonant frequency is
varied.
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IV. RESULTS AND DISCUSSION

Fig. 8 Cavity height between the ground plane and superstrate

Fig. 6 shows the dual polarized resonator antenna which is
excited by a curved strip dipole. It is oriented along ϕ = 45°
direction and placed over the reflector plane with the height
(a) of 0.2λ. The antenna is designed to work at 2100 MHz
which is the same resonant frequency of PRS design in the last
section. The appropriate parameters are w1 = 15 mm, w2 = 30
mm, a = 34 mm, and L = 82.81 mm. Besides, the cavity wall
consisting of the reflector plane and double PRS layers in
polar V and H, is necessary for the two transmitted
components to process the equally amplitude. The reflection
coefficient amplitude and phase of the PRS polar H and V
versus the frequency are shown in Fig. 7. The cavity height (h)
depends on the frequency which can be obtained through
following relations (1),
c  φEBG + φPEC  .
2 f  360ο 

(1)

where, the variables c, f, φPEC , and

φEBG are the speed of

h=

light, resonant frequency, and the reflection coefficient phase
of reflector and EBG, respectively. Due to the relationship
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III. DESIGN OF DUAL POLARIZED RESONATOR ANTENNA

This section presents that there is a relation between a
curved strip dipole with double PRS layers and the electric
field level in x- and y-axis is presented. The antenna therefore
can radiate the dual polarization. Almost all the parameters are
taken from the antenna constructed for the experiment. Only
the reflector plate size is assumed to be infinite. The calculated
current is weak enough on the peripheral area out of 3λ×3λ.
As the simulated gain, it is around 18.52 dBi at the frequency
of 2100MHz as shown in Fig. 9 (a). In addition, over the
whole frequency band (2040 – 2180 MHz), the -3 dB directive
gain could be obtained. The near-field distribution behavior on
the PRS surface of the dual polarization square antenna is
studied and indicated in Fig. 9 (b). Studying the electric field
behavior between superstrate and primary radiator with
reflector plane reveals that waves are refracted and reflected
by PRS surface; therefore, the antenna can generate the high
electric field level. The simulated radiation pattern of square
resonator antenna is shown in Figs. 9 (c) and 9 (d), which has
low side lobes. Because of the high requirements on base
station antenna in cellular network, the most popular choices
are the antennas with horizontal half power beamwidth of 60˚.
The optimum horizontal and vertical beamwidth is decided by
the network architecture and propagation environment.
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Fig. 9 Simulated results of square resonator antenna (a) gain and S11, (b) near-field distribution, (c) radiation pattern in xz plane,
and (d) radiation pattern in yz plane
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t1
(mm)
400
350
300
250

TABLE I
SIMULATED RESULTS WHEN t1 IS VARIED
Gain
HPBW
(dBi)
(degree)
16.1
33.7
14.8
48.9
14.0
58.9
12.5
67.9

t2
(mm)
530
650
750
850
950
1050

TABLE II
SIMULATED RESULTS WHEN t2 IS VARIED
Gain
HPBW
(dBi)
(degree)
13.3
58.9
14.2
56.2
14.3
57.5
14.1
60.1
15.0
59.0
14.2
59.6

parameter is reduced and has an effect on HPBW in horizontal
plane, as shown in Fig. 10 (b). Because of the finite size of
surface waves generated by the antenna on reflector plane, the
maximum gain of the antenna is lower than square resonator
antenna. Simulated gain and HPBW in xz plane are concluded
in Table I. Although the pattern is symmetric at t1 = 400 mm,
the HPBW is not sufficient for the base station antenna.
Therefore, the horizontal HPBW of 58.9˚ when t1 = 300 mm is
used. A side from this the yz radiation pattern is plotted in Fig.
10 (c); it has been already symmetric. To solve a problem in xz
plane with h = 50 mm, vertical walls are installed in yz plane
as shown in Fig. 11 (a). The parameters of PRS structure are
described in section II. Five and nineteen metamaterial rods of
PRS polar H and V structure, respectively, are used for a
superstrate on reflector plane with vertical walls. To improve
the directive gain, the length of antenna in y axis (t2) is
increased. Figs. 11 (b) and 11 (c) show the radiation pattern
when t2 is varied. It illustrates that the HPBW and the gain are
suitable for the sector antenna, when t2 is 950 mm, the
simulated gain and HPBW in xz plane are concluded in Table
II.

Consideration of Fig. 10 (a) concludes that if the square
resonator antenna is reduced of t1 = 400 mm, the pattern is
rather symmetric and the beamwidth is wide. Therefore, t1

(a)

(b)

(c)

Fig. 10 Simulated results (a) current distribution on reflector plane at 2100 MHz, (b) radiation pattern in xz plane, and (c) yz plane when t1 is
varied

(a)

(b)

(c)

Fig. 11 (a) the geometry of sector antenna, (b) radiation pattern in xz plane, and (c) yz plane at 2100 MHz when t2 is varied
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(a)

(c)

Fig. 12 3D simulated radiation patterns of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz, and (c)
2170 MHz

(a)

(b)

(c)

Fig. 13 The xz plane simulated radiation pattern of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz,
and (c) 2170 MHz.

(a)

(b)

(c)

Fig. 14 The yz plane simulated radiation pattern of dual polarization antenna with vertical walls at (a) 1920 MHz, (b) 2100 MHz,
and (c) 2170 MHz

Fig. 16 Near-field distribution of the proposed antenna
Fig. 15 Simulated gain and S11 of the antenna with vertical walls
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TABLE III
SPECIFICATION OF THE PROPOSED ANTENNA
Vertical wall

Electrical Data
Material

PRS polar H
45 degree oriented
curved strip dipole
Vertical
wall

Frequency band (MHz)
Polarization
HPBW (degree)
Gain (dBi)
Antenna size (mm)
Antenna weight (kg)

Simulation

Measurement

Aluminium
2100
(1920-2170)
dual
H:60 V:17.9
15
950×300×50
-

Aluminium
2100
(1920-2200)
dual
H:60 V:20
14.06
950×300×50
2.7
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PRS polar V

Fig. 17 Photographs of the fabricated antenna

To reveal the radiation characteristic of dual polarization
antenna in the whole operating bandwidth, the 3D radiation
patterns of the proposed antenna at 1920 MHz, 2100 MHz,
and 2170 MHz are also simulated and shown in
Figs. 12-14. The antenna beam in horizontal plane (xy plane)
is wide. These results illustrate the excellent sectoral
properties of the antenna. In the vertical plane the radiation is
directive with low side lobe, and in the horizontal plane these
figures present an interesting sectoral pattern of 60˚. The
simulated gain is around 15 dBi at the frequency of 2100 MHz
as shown in Fig. 15. In addition, over the whole frequency
band (1920–2170 MHz), the -3 dB directive gain could be
obtained. Moreover, the vertical walls can control the surface
wave at the edge and corner, therefore the wave is redirected
to the z direction, as shown in Fig. 16.
To verify the performance of the antenna, an antenna
prototype has been fabricated as shown in Fig. 17.
Corresponding radiation patterns and realized gains of the
proposed antenna were measured in the anechoic antenna
chamber located at the Suranaree University of Technology
(SUT). In this manner, the normalized output power would be
resembled in Fig. 18. This plot shows the agreement between
the measured and the simulated results in both horizontal and
vertical plane patterns. The measured HPBWs in horizontal
plane are 51.1˚, 60˚, and 50˚ at 1920 MHz, 2100 MHz, and
2170 MHz, respectively. Moreover the measured HPBWs in
vertical plane are 30.8˚, 17.9˚, and 32.5˚ at 1920 MHz, 2100
MHz, and 2170 MHz, respectively. The half-power beamwith
in horizontal plane is suitable for 3G mobile base station. Fig.
19 shows the measured gain of the proposed antenna. It can be
seen that the gain of the antenna is around 14 dBi for either
polar V or polar H at working range of frequency. The similar
radiation and gain enhance the efficiency of mobile
communication systems.
In addition, some specifications from experiment are
compared with the ones from simulation as shown in Table III.
As we can see, the experiment results have a good agreement
with the ones from simulation results. Also, the proposed
antenna obtained half-power beamwidth in horizontal and
vertical planes and directive gain.
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(a)

(b)

(c)
Fig. 18 Measured radiation pattern of the proposed antenna with
vertical walls at (a) 1920 MHZ, (b) 2100 MHz, and (c) 2170 MHz
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Fig. 19 Measured gain of the proposed antenna
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V. CONCLUSIONS
Dual polarized resonator antenna using double polarizing
metallic EBG layers with reflector plane and the vertical wall
have been developed. It is found that using the double layer of
metallic rod type metamaterials above a 45˚ oriented curved
strip dipole provides a dual polarization antenna with the gain
of 14.06 dBi. Attractively, if vertical walls are placed along yz
plane, a symmetrical and sectoral radiation pattern (HPBW
around 60˚) can be obtained. Moreover, the proposed antenna
has a simple structure and low cost, it is generally required in
mobile communication systems.
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