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Abstract—A new design methodology for multi-band rectangular
microstrip antenna using a metamaterial-inspired technique is
proposed. The methodology uses the metal disk with SRR-shaped
slot placed horizontally between the patch and the ground plane.
With the introduction of the split ring, sub-wavelength resonance
can be achieved while the dominant mode of patch cavity remains
the same, so the antenna can operate at multi resonant frequencies.
Construction of the multi-band antenna requires only the sandwiching
of two etched circuit boards. The antenna has the properties of low
profile, easy fabrication and low cost. Dual-band and tri-band antennas
are fabricated and measured, which validate the design methodology.

1. INTRODUCTION

The great success in mobile communication industry has fostered the
development of antenna in wireless systems [1]. Low profile and multi-
band antenna design has received great attention from both academic
and commercial areas, due to the need for multi-band operation and
reduced size [2]. Modern communication systems, such as GPS,
WLAN;, often require multi-band antenna with compactness and low
cost. Printed antenna is the mostly used solution for its low profile,
light weight, and easy integration [3]. However, printed antenna is
difficult to miniaturize since the dominant mode of their resonant
frequency is determined by path cavity. And multi-band printed
antenna has many resonant structures which make the dimension of
antenna large.
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To minimize the size of an antenna and operate at multi resonant
frequencies, many techniques have been proposed, including high
permittivity [4], shorting plates/pins [5] and fractalizing the radiate
patch [6]. However, these antennas may have high cost and need larger
space or special fabrication techniques [7, 8], which are not applicable
for multi communication systems.

As one of the most important elements of metamaterial [9, 10],
split ring resonator (SRR) was first demonstrated by Pendry et al. [11],
for synthesis of py-negative media. SRRs are placed properly where the
magnetic field is polarized along the axis of the ring. This small particle
may be made to resonate at a frequency determined by the capacitance
and inductance of the ring structure. Many applications have been
reported with SRR, such as UWB antenna [12], AMC structure [13, 14]
and filter [15,16]. Miniaturization of patch antenna with SRR is
proposed by Raoul O. Ouedraogo [17]. CSRR are placed horizontally
between the ground plane and radiating patch, so the electric field
of the dominant mode within patch cavity is polarized normal to the
CSRR, which can be excited and lower the resonant frequency of the
patch.

A rectangular planar antenna using a metamaterial-inspired
technique is proposed in this paper for multi-band operation.
The methodology uses single or dual-mode SRR structure placed
horizontally between the ground plane and the radiating patch. New
sub-wavelength resonate frequency can be excited and multi-band
operation occurs. Construction of the optimized antenna requires only
the sandwiching of two etched circuit boards. The proposed antennas
are demonstrated through simulations and experiments, with dual-
band and tri-band operations, respectively.

2. BASIC ANTENNA CONFIGURATION

The geometry of the proposed multi-band patch antenna is shown
in Fig. 1. The antenna has a simple configuration, consisting of
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Figure 1. Geometry of the multi-band patch antenna.
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two dielectric substrates (Taconic Material TLA-6) with thickness of
1.5 mm, relative permittivity of 2.65 and a substrate loss tangent of
0.0017. A radiating rectangular patch is placed above one substrate,
and a microstrip feed line is used to excite the patch, while a ground
plane is placed backed the other substrate. A conducting disk with
SRR-shaped slot is placed horizontally between two substrates. The
geometry of the radiating patch, shown in Fig. 2, remains the same
for different antennas for comparison. The first resonance frequency
is determined by the cavity formed by rectangular patch and ground.
The sub-wavelength resonant frequency can be formed by the disk
with SRR-shaped slot. The property of sub-wavelength resonant
frequency is determined by SRR, so dual-band or tri-band antenna can
be implemented with different SRR shape slots. The rectangular patch
has a length of Ly, = 30 mm, width of Wyaen = 20 mm. Microstrip
feed line has different width Wy..q for different antenna, which is used
to match the antenna impendence.
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Figure 2. Geometry of the rectangular patch.

3. DESIGN OF TWO TYPE MULTI-BAND ANTENNA

With the above methodology, dual- and tri-band antennas are designed
for multi-communication systems. Antennas are designed, fabricated
and measured. The performance of the proposed structure is compared
with tradition rectangular patch antenna.

3.1. Dual-band Antenna

The basic configuration is shown in Fig. 1. The geometry of the
disk containing the SRR slot is shown in Fig. 3. The SRR has
square side length 20mm, width of slot 2mm, and the split gap
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Figure 3. Geometry of the disk with SRR-shaped slot.
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Figure 4. Photograph of proposed dual-band antenna and its
measured S parameters.

3mm. With a single-mode SRR structure, antenna can operate at
two different frequencies. The fabricated antenna and the measured
reflection coefficient are shown in Fig. 4. The first resonant frequency is
4.4 GHz, determined by the dominant mode of the cavity, and the other
sub-wavelength frequency is 2.3 GHz. Compared with tradition patch
antenna, the antenna can operate at two different frequencies. The
radiation patterns are measured and shown in Fig. 5. The antenna
has the similar radiation pattern with traditional patch antenna at
4.4 GHz. However, the proposed antenna has the dipole-like radiation
pattern at 2.3 GHz, which means that the ground has little influence
due to its relatively smaller size.
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Figure 5. Measured radiation patterns of proposed dual-band
antenna: (a) zz plane at 2.3GHz, (b) yz plane at 2.3GHz, (c) zz
plane at 4.4 GHz and (d) yz plane at 4.4 GHz.

3.2. Tri-band Antenna

With the single mode SRR-shaped slot, the proposed antenna
can operate at two different frequencies. One is determined by
the dominate mode, and the other is sub-wavelength resonate
frequency. Dual-mode SRR is removed from the conducting disk placed
horizontally between two substrates, and two sub-wavelength resonant
frequencies can be created. The geometry of dual mode SRR is shown
in Fig. 6, and its parameters are shown in Table 1. With analysis
method of odd- and even-modes, dual mode SRR has two resonant

Table 1. Parameter values of dual-mode SRR.

Parameter | Wsgrr | Wit | W1 | Wo | Ly | La | Lg | gap
Value (mm) | 20 2 3 2 | 8 |12] 6 | 3
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Figure 6. Geometry of dual-mode SRR in tri-band antenna.
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Figure 7. Photograph of proposed tri-band antenna and its measured
S parameters.

frequencies. The proposed antenna is fabricated and measured. Its
photographs and measured S parameter are shown in Fig. 7. It can be
seen that there are three resonant frequencies, 2.25 GHz, 3.59 GHz and
4.3 GHz, respectively. Two lower resonant frequencies are generated
by the introduction of dual-mode SRR, while the resonant frequency
4.3 GHz is determined by the dominant mode of the patch cavity. The
radiation pattern is measured and shown in Fig. 8. At 2.25 GHz, the
radiation pattern characteristic of the proposed antenna is similar to
that of a dipole. At 3.59 GHz and 4.3 GHz, the radiation patterns are
the radiation typical of patch antenna.
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Figure 8. Measured radiation patterns of proposed tri-band antenna:
(a) zz plane at 2.25 GHz, (b) yz plane at 2.25 GHz, (c) zz plane at
3.59 GHz, (d) yz plane at 3.59 GHz, (e) xz plane at 4.3 GHz and (f) yz
plane at 4.3 GHz.
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4. CONCLUSION

A new design methodology for multi-band rectangular microstrip
antenna using metamaterial-inspired technique is proposed. By
placing metamaterial structure horizontally between the ground plane
and the radiating patch, new sub-wavelength resonant frequency
can be excited, and multi-band operation occurs. With different
SRR structures, the antenna can operate at two or three resonant
frequencies. Compared with other multi-band antennas, the proposed
antenna requires only the sandwiching of two etched circuit boards.
The antenna can be widely applied to communication system for its
easy fabrication, low cost, and low profile.

REFERENCES

1. Balanis, C. A., Modern Antenna Handbook, Wiley, Hoboken, NJ,
2008.

2. Wong, K. L., Compact and Broadband Microstrip Antennas,
Wiley, Hoboken, NJ, 2002.

3. Randy, B., Microstrip and Printed Antenna Design, 2nd Edition,
SciTech Publishing Inc., 2008.

4. Lee, B. and F. J. Harackiewicz, “Miniature microstrip an-
tenna with a partially filled high-permittivity substrate,” IFEE
Transactions on Antennas and Propagation, Vol. 50, No. 8, 1160—
1162, Aug. 2002.

5. Rowell, C. R, “A compact PIFA suitable for dual-frequency
900/1800-MHz operation,” IEEE Transactions on Antennas and
Propagation, Vol. 46, No. 4, 596-598, Apr. 1998.

6. Augustin, G., S. V. Shynu, P. Mohanan, C. K. Aanandan, and
K. Vasudevan, “Compact dual-band antenna for wireless access
point,” Electronics Letters, Vol. 42, No. 9, 502-503, Apr. 27, 2006.

7. Panda, J. R. and R. S. Kshetrimayum, “A printed
2.4 GHz/5.8 GHz dual-band monopole antenna with a protruding
stub in the ground plane for WLAN and RFID applications,”
Progress In Electromagnetics Research, Vol. 117, 425-434, 2011.

8. Moradi, K. and S. Nikmehr, “A dual-band dual-polarized
microstrip array antenna for base stations,” Progress In
Electromagnetics Research, Vol. 123, 527-541, 2012.

9. Dai, X.-W., M. Yao, X.-J. Dang, and C.-H. Liang, “Transparency
of a pair of epsilon-negative slab and mu-negative slab,” Progress
In FElectromagnetics Research, Vol. 69, 237-246, 2007.

10. Yao, M., C.-H. Liang, X.-W. Dai, and W. Zhao, “A new structure



Progress In Electromagnetics Research Letters, Vol. 41, 2013 95

11.

12.

13.

14.

15.

16.

17.

for localizing electromagnetic energy using two semi-infinite left-
handed-medium slabs,” Progress In Electromagnetics Research,
Vol. 75, 295-302, 2007.

Pendry, J. B., A. J. Holden, D. J. Robbins, and W. J. Stewart,
“Magnetism from conductors and enhanced nonlinear phenom-
ena,” IEFEE Transactions on Microwave Theory and Techniques,
Vol. 47, No. 11, 2075-2084, Nov. 1999.

Cho, C. S., J. W. Lee, and J. Kim, “5.2 GHz notched ultra-
wideband antenna using slot-type SRR,” FElectronics Letters,
Vol. 42, No. 6, 315-316, Mar. 16, 2006.

Yoon, J. H., Y. J. Yoon, W.-S. Lee, and J.-H. So, “Miniaturised
artificial magnetic conductors with wide split ring resonators and
interdigital structures,” FElectronics Letters, Vol. 48, No. 22, 1411—
1412, Oct. 25, 2012.

Nornikman, H., B. H. Ahmad, M. Z. A. Abdul Auxziz,
M. F. B. A. Malek, H. Imran, and A. R. Othman, “Study
and simulation of an edge couple split ring resonator (EC-
SRR) on truncated pyramidal microwave absorber,” Progress In
Electromagnetics Research, Vol. 127, 319-334, 2012.

Wu, G.-L., W. Mu, X.-W. Dai, and Y.-C. Jiao, “Design of novel
dual-band bandpass filter with microstrip meander-loop resonator
and CSRR DGS,” Progress In Electromagnetics Research, Vol. 78,
17-24, 2008.

Ahn, C.-H., D.-J. Jung, and K. Chang, “Compact parallel-
coupled line bandpass filter using double complementary split ring
resonators,” Microwave and Optical Technology Letters, Vol. 55,
No. 3, 506-509, Mar. 2013.

Ouedraogo, R. O., et al., “Miniaturization of patch antenna

using a metamaterial-inspired technique,” IEEE Transactions on
Antenna and Propagation, Vol. 60, No. 5, 2175-2182, May 2012.



