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Abstract

In this paper, a tri-band printed monopole antenna with
electrically coupled metamaterial units is proposed and
investigated. The proposed antenna is designed to cover
WLAN/WIMAX applications. The structure consists of a
printed strip line and two double metamaterial unit cells of
different size placed near the monopole antenna on opposite
sides. Each unit cell exhibits a negative permeability over
the resonance frequency at 2.5 GHz and 3.62 GHz, which
produces magnetic couplings with the monopole antenna.
The proposed structure was fabricated and measured. The
measured -10 dB bandwidth for the reflection coefficient is
from 2.47GHz-2.51GHz, 3.59GHz-3.69GHz, and 5.3GHz -
7.2 GHz, which are suitable for (WLAN: 2.4-2.484, 5.15-
5.35, and 5.725-5.85 GHz) and (WiMAX: 2.5-2.69, 3.4-
3.8, and 5.25-5.85 GHz) band Applications. By using the
switches across the gap of proposed-MTM unit cell, the
effect of this unit deactivated and its resonance frequency
will disappear. Hence, the proposed antenna maintains the
omnidirectional radiation pattern.

1. Introduction

In the development of wireless communication systems, a
multiband antenna has great importance to cover several
applications such as WIFI, Bluetooth and WLAN/WiMAX
bands. To meet the requirement of multi-band, a printed
monopole antenna is an attractive candidate due to its low
profile, easy fabrication, simple structure, low cost and
omnidirectional radiation pattern. In order to achieve multi-
band operations, several techniques are used. Multi-
branched radiators [1], slotted monopoles[2, 3], meander
monopoles[4] and fractal shapes[5] are few among them.
Recently, an electromagnetic metamaterial is used to
improve the antennas performances (gain, bandwidth and
size reduction). Metamaterials are artificial materials that
exhibit simultaneously negative values of electric
permittivity and magnetic permeability over a frequency
band[6], Due to the special physical properties that natural
materials do not exist, nowadays, the metamaterials are very
attractive materials and are applied in many areas of life,
such as the microwave invisibility cloaks, the invisible
submarines, the revolutionary electronics, the negative
refractive-index lenses, the microwave components, as the
filters, compact, and efficient antennas[7]. Applying

metamaterials to design of antennas is one of its most
important applications[8, 9].

Metamaterials have been implemented in the resonant
antennas to achieve multi-band applications as well as to
improve the radiation performances. Several works have
been established on metamaterial loaded antennas[10, 11]
making the metamaterial unit cell close to the radiating
structure[11, 12]. The basic idea behind this approach is that
the radiating element is sensitive to the presence of the
resonator due to coupling. The presence of the resonating
structure improves the antenna radiation characteristics and
optimizes the geometric dimensions so that we can obtain an
electrically small antenna operating at wireless
communication frequencies. The main purpose of this paper
is to use a modified triangular form of metamaterial in order
to design a multiband antenna. Tow unit cells of the
triangular shape of different sizes are placed near the
monopole antenna to create three operating bands. The
effect of the introduction of the two unit cells is investigated
and studied. Moreover, in the aim to more understand the
behavior of the metamaterial, the (ON/ OFF) switches are
used to study the frequency reconfiguration of the antenna.

2. Metamaterial unit cell

Fig.l shows the proposed unit cell of the metamaterial
(proposed-MTM) having the form of a triangle deposited on
a dielectric material. The other side of the dielectric material
is free from metal. The dielectric substrate is chosen from
the existing material and it has the relative permittivity of
&= 4.3, dielectric loss tangent of tand = 0.0017 and a
thickness of h = 1.63 mm.
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Fig.1 Geometric parameters of the proposed -MTM unit cell
with: W=9.5mm, E=0.7 mm, M =0.3 mm, P =4.4 mm.



The proposed unit cell is designed to get the resonance at 2.5
GHz. The unit cell has been designed and simulated using
the finite-difference time domain Computer Simulation
Technology (CST) software. The unit cell simulation setup
is presented in Fig.2. The proposed-MTM structure was
placed between two waveguide ports situated on each side of
the x axis. A perfect electrical conductor (PEC) and perfect
magnetic conductor (PMC) boundary conditions are applied
along perpendicular to the y and z axis, respectively.
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Fig.2 The proposed metamaterial structure between the two
waveguide ports.
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Fig.3 Transmission coefficient (S21) of proposed -MTM
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Fig.4 Retrieved effective parameters of the proposed —
MTM. (a) permeability, (b) permittivity

The transmission coefficient (S21) for the proposed unit
cell is shown in Fig.3. From the graph, it is observed that the
transmission coefficient (S21) is less than (-10) dB at around
2.5 GHz, this means that the resonance frequency of the
proposed-MTM is around 2.5 GHz. The parameters of the
effective medium are extracted from the S-parameters using
the retrieval method, a Nicolson—Ross—Weir approach has
been used to extract the permittivity and permeability [13].
From Fig.4, it can be noted that the permeability is negative
over the frequency range 2.4-2.6GHz, which confirms that
the proposed unit cell is said to be a metamaterial structure.

3. Proposed antenna design

The antenna is printed on a FR-4 substrate with thickness of
h=1. 63mm, permittivity of &=4.3 and loss tangent of
0.0017. The evolution of tri-band monopole antenna is
depicted in Fig.5. The first antenna (config. A) shows the
strip line which is chosen as the monopole radiating
element. The length of the strip-line was adjusted according
to the general design guideline that the lowest resonance is
determined when the length of the monopole L is
approximately L = Ag /4. Therefore, L.= 8.8 mm to get the
lowest resonance occurring at 5.8 GHz, as can be seen in
Fig.7.
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Fig.5 (a) Monopole antenna, (b) A dual-band monopole
antenna with single-cell MTM loading on the right, (c) Tri-
band monopole antenna load with two unit cells.
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Fig.6 (a) Geometry of proposed antenna, (b) Photograph of
the proposed tri-band antenna

Table 1: Dimensions of the proposed antenna

Parameters | Dimensions | Parameters | Dimensions
(mm) (mm)

Lm 10 dxi 0.5

Wre 3 dx2 0.4

La 18.8 dy1 1.1

\\Y 26.6 dy2 1.5

Wi 9.5 W2 7.4

P 4.4 P, 3

The proposed-MTM unit cell is then placed close to the
monopole antenna on a non-radiating edge on the right side
and is magnetically coupled to it as illustrated in (config. B).
Due to the coupling, the electric and magnetic field of the
monopole interact with the proposed -MTM, then the lower
frequency band isolated from the fundamental resonance is
obtained.

As shown in Fig.7 a dual band is obtained to cover WiIMAX
/WLAN applications at (2.5-5.82 GHz). Finally, the
proposed antenna (config. C) is composed of two double
proposed -MTMs with different size, which are disposed on
the right and left side of the monopole antenna. By
optimizing the parameters of the proposed-MTM and their
positions with respect to the monopole antenna as shown in
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Fig.6 and table 1, the proposed antenna gets three distinct
bands centered at about 2.5, 3.62 and 5.83 GHz as shown in
Fig.7. The resonance around 2.5 is produced by the right
unit cell and the resonance at 3.62 GHz from the left unit

cell.
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Fig.8 Effect of the distance between cells and radiating
element;(a) dx1 and (b) dx2



Fig.8 shows the effect of the distance between the cell and
radiating element. From figure 8(a) as the distance dx1
increases the adaptation of S11 decreases (>-10 dB) the
same effect with dx2 as increseases the S11 deceases (>-
10dB).

To understand the coupling between the monopole antenna
and metamaterial unit cells, the surface current distributions
at three bands are analyzed as illustrated in Fig. 9. From the
Fig.9 (a) and (b), it is noted that the strongest surface current
distribution is mainly concentrated around the right and the
left unit cell at 2.5GHz, 3.62GHz respectively. This means
that the lower frequencies are produced by metamaterial unit
cells. In the upper frequency, the current distribution is
concentrated along the contour of monopole antenna and a
slight of currents at the contours along the two unit cells as
shown in Fig.9 (c). These explain the slight shift observed in
the resonant frequency at 5.83 GHz compared with the
origin monopole antenna without two unit cells. Therefore,
it indicates that the unit cell resonators make an important
contribution to the surface current movement.
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Fig.9 Simulated surface current distribution of proposed
antenna at: (a) 2.5GHz, (b) 3.62 GHz, and (c) 5.83 GHz.
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Fig.10 Radiation pattern of the proposed antenna at: (a)

2.5GHz, (b) 3.62 GHz, and (c) 5.83 GHz.

The radiation pattern of proposed antenna at 2.5 GHz, 3.62
GHz and 5.83 GHz is shown in Fig.10. From the figure, it
can be noted that the proposed antenna  exhibits a good
omnidirectional radiation in H- plane and bidirectional
patterns in the E-plane for all the frequency bands. The gain
and radiation efficiency is depicted in Fig.11,the peak gain is
about 2.5dBi.
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Fig.11 Gain and radiation efficiency of thr proposed
structure

4. Measurement results

Fig.6 shows photograph of the fabricated tri-band monopole
antenna. The antenna is measured by using a vector network
analyzer VNA Rohde Schwarz (ZNB. 20. 100 KHz-20GHz).
The simulated and measured Si1 versus frequency are
presented in Fig.12. From the measured results, three
relative impedance bandwidths with -10 dB the reflection
coefficient are about 10MHz (2.47-2.51 GHz), 98MHz
(3.59-3.69GHz), and1900MHz (5.3-7.2 GHz). The measured
results greatly comply with the simulated results in the
2.5GHz and 3.62 GHz bands; however, a slight difference in
the upper operational band is observed. This could be
attributed due to the fabrication tolerance and SMA



connector. According to the measured results, it is shown
that the proposed antenna covers the WLAN/WiMAX band
applications and has a compact shape compared with
published antennas on Table 2.
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Fig.12 Simulated and measured S11 for proposed antenna.

Table 2: Comparisons between the proposed antenna and
existing antennas

Ref. Frequency range Dimensions Shape of
(GHz) L x W (mm?) MTM
[12] 2.45,535,6.5 28.6%26.6 Rectangular
[14] 1.75,3.5-4.1 ,4.4-52 33x30 /
[15] 1.22-1.23,1.56-1.60 ,1.65— 90x136 /
2.88
[16] 1.48-1.87,2.39-2.71,3.02- 50%50 /
3.16
[10] 2.6-4.3-5.2 33.6x28.2 /
[17] 2.45,3.5,5.5 50%x40 /
[11] 1.52,1.61,2.38,3.65 70x40 /
Proposed | 2.47-2.51, 3.59-3.69, 5.3-7.2 23x%26.6 Triangular
antenna

(b)

Fig.13 Geometry of antenna configuration;(a) cell-1 OFF,(b)
cell-2 OFF and (c) cell-1/cell-2 OFF
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Fig.14 Measured the reflection coefficient of four cases of
antenna configuration.

To study the frequency reconfiguration antenna, two
switches (ON/OFF) are placed across the gaps of the two
cells of proposed-MTM. By closing the switches as
illustrated on Fig.13, the metamaterial characteristics of
these cells are dis-appeared and their effect is deactivated.
Fig.14 presents the measured results of the reflection
coefficient with four different antenna configurations. As
can be seen from the graph, when two switches are OFF, the
antenna operates at three bands, when the right cell switch is
ON ,the lower frequency at 2.5 GHz disappears, which
cancels the effect of right cell metamterial. The same thing,
when the left cell switch is ON, their effect is cancelled and
the frequency at 3.62 GHz disappears this means that the
switches act like notchs. Finally, when the two switches are
ON, the two lower frequencies disappear and the monopole
antenna resonates at 5.82GHz.

5. Conclusion

A tri-band metamaterial loaded monopole antenna for
WLAN/WiIMAX is presented. Then the verification of the
properties or the characteristics of metamaterial on the
proposed structure (triangular shaped metamaterial) was
carried out. The aim was to explore the proposed structure to
insert on the monopole patch antenna to get multi-band for
WLAN/WIMAX applications and to reduce the size of
antenna. By inserting two modified forms of triangles that
act as metamaterial with different size close to the monopole
antenna on the right and left side, a triple band antenna was
obtained. The measured results showed good agreement in
the operating bands which meet the requirements of WLAN/
WiMAX applications. In addition, the proposed antenna had
an omnidirectional radiation pattern in all the operating
bands. In addition, the proposed antenna had a very compact
size compared with the published WiMAX/WLAN
antennas.
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