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Abstract—In this paper, a novel design of dual-band microstrip
antenna with complementary split ring resonators (CSRRs) is
presented. A simple and successful dual-band antenna can be realized
by etching three CSRRs in the ground plane of a conventional patch
antenna. The proposed antenna shows good performances at both
resonant frequencies. The CSRRs embedded in the ground plane make
a major contribution to the first operating band, but has minor effect
on the second operating band. It is beneficial for designing a dual-band
antenna as well as a miniaturized antenna flexibly. The simulation
results are analyzed and compared with measured results in a good
agreement.

1. INTRODUCTION

The concept of left-handed material (LHM) was first proposed by
Veselago in 1968 [1], and negative permeability medium was first
developed by Pendry in 1999, which consist of an array of split ring
resonators (SRRs) [2]. It was not until 2000 that the first artificial
LHM was implemented by Smith in a two dimensional periodic array
of SRRs and long wire strips [3].

As a basic particle for design of artificial media, SRRs have been
applied in many applications. The most attractive feature of this
structure is its ability to exhibit a quasi-static resonant frequency at
wavelengths that are much smaller than its own size. Therefore, the
application of SRRs for designing small antennas is of great interest.
By considering the concepts of duality, the negative permittivity nature
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of CSRR can be derived from the negative permeability nature of SRR
in a straightforward way, which has strong potential applications in
designing simple planar filters [4-6], compact antennas [7-9], circularly
polarized antennas [10, 11] and dual-band antennas [12-14].

In [12,13], dual-band antennas are presented by loading a CSRR
unit in the patch of conventional microstrip antenna, but they still
suffer from low gain at the resonant frequency stimulated by the CSRR.
In [14], a dual-band antenna is presented realized by loading two CSRR
units and two CELC (complement electric-LC resonators) units in the
ground plane of a microstrip antenna. In this paper, a novel dual-band
patch antenna is simply realized by etching three CSRRs in the ground
plane of a conventional patch antenna, not only simple in structure but
also achieving higher gain at both working frequencies.

2. ANTENNA DESIGN

According to the Babinet principle, the complementary of a planar
metallic structure is obtained by replacing the metal parts of the
original structure with apertures, and the apertures with metal plates.
As shown in Fig. 1, the original split-ring resonator is the dual of
its complementary one. Hence, due to the duality theorem, these
two structures have approximately the same resonant frequency. The
main difference between SRR and CSRR is that SRR has negative
permeability characteristics, while CSRR has negative permittivity
characteristics. Figs. 2(a) and (b) show the S-parameter characteristics
of CSRR and its negative permittivity characteristics when the physical
dimensions of the CSRR are set to be: ¢ = 5.2mm, w = 0.2mm,
g = 0.2mm and the relative permittivity of the substrate is ¢, = 2.45
with a thickness of 1.5 mm. It can be seen from Fig. 2 that CSRR

(a) SRR (b) CSRR

Figure 1. Geometry of (a) SRR and (b) CSRR.
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Figure 2. (a) S-parameter and (b) extracted effective permittivity of
CSRR.
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Figure 3. Configuration of dual band antenna with three CSRRs
etched in the ground plane.

resonates at 3.80 GHz and its equivalent relative permittivity is truly
negative from 3.72 GHz to 3.82 GHz.

The configuration of the proposed dual-band antenna is shown in
Fig. 3 [a prototype is shown in Fig. 4]. A substrate with thickness
(h) of 1.5mm and relative dielectric constant (&,) of 2.45 is used. The
square has the dimensions of 17.7mm x 17.5 mm and it is fed by a 50 Q2
microstrip transmission line. Three CSRRs are etched in the ground
plane at the position with a distance of dx away from the central line
to produce a dual-band antenna. The parameters of the CSRRs are:
a=>52mm, s =0.2mm, g = 0.2mm, dr = 1.0 mm and the separation
distance between the CSRR unit-cell is 1 mm.

Compared to the dual-band antennas presented in [13,14], the
dual-band antenna proposed in this paper is designed with the CSRRs
etched in the ground plane instead of in the patch, which not only
keeps the patch radiating almost the same as the conventional patch
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Figure 4. Photograph of the fabricated antenna (a) front view, (b)
back view.
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Figure 5. (a) Simulated reflection coefficient and (b) radiation
patterns of the designed conventional patch antenna.

antenna at the frequency stimulated by the CSRRs but also has minor
effect on the frequency produced by the patch. Thus, the antenna
proposed has higher gain at both working bands.

3. RESULTS AND DISCUSSIONS

The antenna is simulated by using finite-element analysis based on
Ansys HFSS. The resonant frequency of the patch antenna without
CSRRs is 5.15 GHz. The simulated reflection coefficient and radiation
characteristics of the patch antenna are shown in Fig. 5. As can be
seen from Fig. 5, the patch antenna resonates at 5.15 GHz with the
reflection coefficient of —31.1dB, and the simulated radiation gain is
7.35dBi.
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Figure 6. Simulated and measured Si; for the proposed dual-band
antenna.
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Figure 7. Normalized simulated and measured radiation patterns for

the proposed antenna.
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Figure 8. Structures of antennas with different numbers of CSRRs.
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Figure 9. Simulated reflection coefficient of the antennas with
different number of CSRRs.

The reflection coefficient of the fabricated antenna is measured
using the vector network analyzer Agilent 8719ES. The simulated and
measurement S-parameters of the proposed dual-band antenna are
shown in Fig. 6, which are in good agreement. The measured reflection
coeflicient is —19.4dB at 3.73 GHz and —17.8dB at 5.25 GHz, and the
fractional bandwidth for the lower band and the higher band are 1.2%
and 1.5%, respectively. The simulated and measured radiation patterns
are normalized and compared in Fig. 7. Again, a good agreement
between the simulated and measured results is obtained. Similarly,
the minor difference between them may be caused by its fabrication
tolerance and measurement error.

Here the number of the CSRRs is choose to be three because when
the number of CSRRs decreases it fails to stimulate a new working
band. Fig. 8 shows the structures of antennas with different number
of CSRRs and Fig. 9 shows the reflection coefficient of each antenna.
It can be seen that the antenna with one CSRR has only one working
band, which is a little lower than that of the antenna without CSRR.
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(c¢) Dual-band antenna at 5.28GHz

Figure 10. Current distributions on the patch (left) and ground plane
(right). (a) Conventional antenna at 5.15 GHz. (b) Dual-band antenna
at 3.71 GHz. (c) Dual-band antenna at 5.28 GHz.

When two CSRRs are loaded, it does show two resonant frequencies but
it is very hard to make the antenna matched at the resonant frequency
stimulated by CSRRs.

Figure 10 shows the current distributions on the patch and the
ground plane of the conventional patch antenna at its fundamental
working frequency and the CSRRs-etched dual-band antenna at two
working frequencies. It can be seen that at the lower frequency, the
current distributions of the proposed dual-band antenna on both patch
and ground plane are similar with but somewhat different from that
of the conventional patch antenna. The CSRRs are resonating at this
frequency, which leads to the current to be rearranged. But due to
the larger current on the ground plane, the antenna has larger back
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Figure 11. Peak gain versus frequency of the proposed dual-band
antenna.

lobes at this frequency. By contrast, at the higher frequency the
current distributions on both the patch and the ground plane are much
more similar with those of the conventional patch antenna, which can
be explained by the fact that the CSRRs are not resonating at this
frequency and have weaker effect on the patch.

Based on the above analyses, it can be concluded that the first
band is mainly inspired by the CSRRs in the ground and its resonant
frequency is similar to that of CSRRs which can be mainly determined
by the dimensions of the CSRRs. If the first band is the desired working
band, a size reduction of antenna can be achieved. The second band
is produced by the patch itself. But due to the coupling between
the CSRRs and the patch, there is a small frequency shift to higher
frequencies. Besides, the lower the resonant frequency of the CSRRs is,
the smaller the shift is. Therefore, two resonant bands of the antenna
can be fixed by adjusting the parameters of the CSRRs, which made
the design of the dual-band antenna flexibly.

Figure 11 shows the gain of the proposed dual-band antenna in
the broadside direction against the frequency. The maximum gains
within dual-band are 5.2dBi at 3.71 GHz and 6.4dBi at 5.28 GHz,
respectively, which are larger than those of the antenna proposed
in [13].

4. CONCLUSION

In this paper, a new dual-band microstrip patch antenna with three
CSRRs etched in the ground plane is presented. Due to the inclusion
of CSRRs, the conventional microstrip antenna only resonating at
one frequency produces two working frequencies. At each working
frequency, good matching and radiation characteristics are obtained.
A good agreement between simulated and measured results validates
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our design. The proposed CSRRs antenna provides us a new way to
design dual-band antennas achieving considerable gain at both working
bands. Besides, thanks to the presence of the CSRRs a size reduction
of microstrip antenna can be achieved.
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