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Abstract

This paper presents a novel patch antenna using circular split
ring resonator for ultra-wideband applications. The radiating
element of the proposed antenna is a split-ring resonator (SRR).
The geometrical parameters are optimized to reach the best
electromagnetic properties, with a small size (30 mm x 39 mm)
and a simple geometry. Its electromagnetic parameters are
calculated by CST and HFSS software’s. The obtained results
show that the proposed antenna operates in the UWB band from
3.6 GHz to 44 GHz. The gain is relatively high (above 3 dB in
the entire frequency band) and the antenna has an acceptable
quasi-omnidirectional radiation pattern.
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1. Introduction

Recently, a greet interest is given to study of metamaterials
in different domains. Metamaterials (MTM) are artificial
materials engineered to have properties that may not be
found in nature. In 1967, these materials are initially
discovered by Victor Veselago [1], but this design cannot
be applied in practical application for the next three
decades. In 2001, Smith et al. demonstrated, for the first
time, the experimental existence of metamaterials [2], their
design depends on the works of Pendry which demonstrate
that materials with an array of split-ring resonators (SRRs)
produce negative permeability over some frequency bands.
Combining a two-dimensional (2D) array of SRRs with a
2D array of metallic wires enabled the construction of
left-handed materials that exhibit simultaneously negative
permittivity and permeability [3].

Owing to the special electromagnetic wave response,
particularly in resonant behavior, the SRR has received
great attention in the design of antennas, in recent years.
Various special circuits have been widely developed [4-7].
For example, to improve the radiation properties, the split

ring resonator (SRR) is loaded in antenna [8, 9]. Kim et al.

have used SRR to create a reject band in UWB antenna
[10]. Furthermore, several researches have validated that
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the SRR behaves as an electronically small resonator with
high quality factor and small electrical size [11-13], so its
resonant property may be very useful for constructing
ultra-wideband antenna with high-gain.

2. Antenna Configuration

According to the analysis of Marques and al., when an
electromagnetic wave polarized in the x-axis propagates in
the z-direction, shown as the system of co-ordinates in
Fig. 1, an electro-motive force will occur around the SRR
[11,12 1], and the induced current lines can pass from one
ring to the other through the capacitive gaps between the
two rings. As a result of the total current intensity flowing
on both rings, the SRR behaves as an LC circuit.
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Fig.1 Proposed antenna with SRR.
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The proposed antenna is constructed by two concentric
rings which have an outer radius R (outer ring) and r (inner
ring), with a slot in the two rings of a dimension f. The
SRR is connected to a microstrip line (with a width Wf),
this line is optimized to be adapted to the feeding port
50 Q. The substrate (L * W) is on Rogers RT / duroid
5880 with a permittivity er = 2.2, tan & = 0.09. The
thickness of the substrate is 0.43mm. The ground plane
((W-2*Wg)*Lg) is made on the other side of the substrate
which is partly covered. The design of the proposed
antenna is shown in Fig. 1.

The optimized values of the geometric parameters are
given in Table 1.

Table 1: Margin specifications

Parameters Dimensions
L 39 mm
W 30 mm
f 0.3mm
Lg 13.66 mm
wf 1.2 mm
R 11.83 mm
T 3.5 mm

3. Simulation and Result

The proposed antenna is simulated by two software tools.
The first is High Frequency Structure Simulator (HFSS)
which uses the finite element method. The second is
Computer Simulation Technology (CST), which uses the
finite integration technique.

In Figures 2, we represent the variations of the reflection
coefficient as a function of frequency with HFSS and CST.
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Fig.2. Return loss of the antenna.

Copyright (c) 2014 International Journal of Computer Science Issues. All Rights Reserved.

129

Using HFSS, the bandwidth is between 3.96 GHz and
4322 GHz, three main minimum are observed for the
reflection coefficient S11 reaching the values :-22.44 dB,
-51.6 dB, -41.78 dB respectively at the following
frequencies : 6.96 GHz, 19.9 GHz and 28.8 GHz. With
CST, the bandwidth obtained is between 3.6 GHz and
44.57 GHz, three main minimum are observed for the
reflection coefficient S11 reach the values :-41.53 dB, -
33.9 dB and -40.02 dB respectively at the following
frequencies :7.35 GHz, 19.8 GHz and 28.9 GHz.

A good agreement is observed between the two simulation
results, with a light difference, it may be due to the
difference in methods used by simulators.

In Figure 3, we show the variation of gain as a function of
frequency ranging from 5 GHz to 45GHz
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Fig.3. Gain variations.

The gain is always greater than 3.06 dB across the full
impedance bandwidth, with a maximum value of 8.27 dB,
it indicates that the antenna design is suitable for use in
UWB systems.

To study the antenna radiation patterns, two principle
planes were selected. These are referred to as the x-z plane
(H-plane) and the y-z plane (E-plane). The results showed
in figure 4 and figure 5 reveal that the antenna provides an
acceptable quasi-omnidirectional radiation pattern suitable
for receiving signals from all directions.
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Figure 4 show the radiation pattern (E and H field)
at 20 GHz with HFSS and CST.
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Fig.4 Radiation pattern (E and H field) at the frequency 20 GHz
(a) HFSS and (b) CST.

Figure 5 show the radiation pattern (E and H field)
at 30 GHz with HFSS and CST.
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Fig.5 Radiation pattern (E and H field) at the frequency 30 GHz
(a) HFSS and (b) CST.

4. Conclusions

The UWB antenna using the split ring resonator has been
designed and investigated. The geometrical parameters are
optimized to attain the best electromagnetic properties.
The antenna operates in a frequency band of 40 GHz
(HFSS), 41.1 GHz (CST) with a good adaptation and
relatively a high gain which reaches 8.27 dB and 7.79 dB
at 42 GHz, 44 GHz for HFSS and CST respectively. The
antenna has a quasi-omnidirectional radiation pattern, the
antenna has a small size and a simple geometry, therefore
low cost and a simple geometry. Thus, it is an attractive
candidate for UWB communications applications.
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