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ABSTRACT: In this paper, we have presented the gap-coupled rectangular microstrip antenna with complimentary
split ring resonator (CSRR) loaded on driven and parasitic patches. By using the combination of gap-coupling
technique with CSRR structure, the antenna performance has been enhanced in terms of multiple resonances with
virtual size reduction and improvement in the bandwidth. The combination of antenna with CSRR structure on driven
patch is resonating at five particular frequency points with 2.04 GHz, 5.09 GHz, 8.24 GHz, 8.97 GHz, and 11.06 GHz.
The size reduction of 65.38% has been achieved when compared to the size of the conventional microstrip antenna.
IE3D Zeland simulation software has been used for the simulation of the proposed antennas and measured practically
by using Vector Network Analyzer (VNA), which are in good agreement with each other. The proposed antennas are
suitable for wireless communication.
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I. INTRODUCTION

There is a considerable amount of interest in the development of dual and multiband microstrip patch antennas because
of its versatile applications. In modern wireless communication systems, the microstrip patch antennas are commonly
used in the wireless devices. Therefore, the miniaturization of the patch antenna becomes an important issue in
reducing the volume of entire communication system. The common method for reducing the microstrip patch antenna
size is to utilize a high permittivity dielectric substrate [1-2]. But, the antennas are more expensive, have less radiation
efficiency and narrow bandwidth. To overcome the above drawbacks, many design techniques for the patch antenna
have already been proposed. These antennas have the inserted slot, the meandering slots, the corrugation structure, iris
structure and the shorting pin. However, all of these design strategies have limitations, which are complex structure and
have low performance for miniaturization. So, the design methods of the miniaturized patch antenna with metamaterial
technology [3-5] have been reported by some authors recently [6-8]. These would include the split ring resonators
(SRR) or complimentary split ring resonator (CSRR) on the microstrip patch. In other words, the achievement of size
reduction of antenna with the SRR and CSRR has special meaning in the field of microstrip antenna. In this paper, the
miniaturized microstrip patch antenna with CSRRs is presented.
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Il. DESIGN OF ANTENNA AND CSRR STRUCTURE

The geometry of the proposed conventional microstrip antenna is shown in Fig. 1, where a low cost FR4 dielectric
material with relative permittivity (g;) of 4.4 and thickness (t) of 1.6mm is chosen. The conventional microstrip
antenna is designed for 6 GHz with dimensions L= 11.33 mm and W= 15.25 mm, which is excited by simple 50 Q
microstrip feed having dimension of length Ly = 6.15 mm and width W; = 3.05 mm using quarter wave length
transformer of dimension length L; = 4.90 mm and W, = 0.50 mm for their impedance matching.
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Fig. 1. Geometry of conventional microstrip antenna

Further, the study is carried by coupling the conventional microstrip antenna with parasitic patches on both right and
left sides. The gap between the radiating (i.e., driven) and parasitic patches is G = 1mm has been considered for all the
cases. Fig. 2 shows all the four combination of proposed gap-coupled microstrip antennas with and without CSRR. In
Case-1 only the coupling with plane parasitic patches is considered, Case-2 is a combination of CSRR loaded on driven
patch with plane parasitic patches, Case-3 is a combination of CSRR loaded on parasitic patches with plane driven
patch and Case-4 is a combination of CSRR loaded on both the driven and parasitic patches. Fig. 3 shows enlarged
geometry of CSRR with dimensions S, =7.2mm, S =0.2mm, Sy= 0.2mm and g= 0.2mm.
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Fig. 2. Geometries of the proposed gap-coupled microstrip antennas of (a) Case-1 (b) Case-2 (c) Case-3 and (d) Case-4
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Fig. 3. Geometries of (a) A split ring resonator with the design parameters (b) complementary split ring resonator

I11. RESULTS AND DISCUSSIONS

Fig. 4 shows the photographs of the fabricated prototypes of gap-coupled microstrip antennas. The simulation work
has been performed using the method-of-moment based software (IE3D from M/S Zeland software version 14.65) [9]
and practically measured by using Vector Network Analyzer (VNA) (Rhode and Schwarz, Germany make ZVK
model 1127.8651).

Fig. 4. Photographic views of proposed gap-coupled microstrip antennas

Fig. 5 shows the simulated and measured return loss characteristics of conventional microstrip antenna. From this
figure it is seen that, conventional microstrip antenna resonates at 5.98 GHz. The impedance bandwidth over return
loss less than -10dB is determined by using the equation

BW:[fz—fl
fc

Where, f1 and f2 are the lower and upper cut-off frequencies of the band respectively, when its return loss reaches
-10dB and f¢ is the centre frequency between f1 and f2.
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Fig. 5. Simulated and measured return loss characteristics of conventional microstrip antenna

Fig. 6 shows simulated and measured return loss characteristics of Case-1 antenna which is resonating at two
particular frequency points 5.97 GHz (130MHz bandwidth) and 10.81GHz (920MHz). Fig. 7 shows simulated and
measured return loss characteristics of Case-2 antenna which is a CSRR loaded driven patch with plane parasitic
patch resonating at five particular frequencies with 2.04 GHz (50MHz), 5.09 GHz (160MHz), 8.24 GHz (490MHz),
8.97 GHz (260MHz), and 11.06 GHz (610MHz) and this is considered as optimized antenna in our work.
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Fig. 6. Simulated and measured return loss characteristics of Case-1 antenna
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Fig. 7. Simulated and measured return loss characteristics of Case-2 antenna

Fig. 8 shows simulated and measured return loss characteristics of Case-3 antenna with CSRR on parasitic patches
resonating four particular frequencies 5.86GHz (180MHz), 8.12GHz (100MHz), 8.88GHz (90MHz) and 10.85GHZ
(770MHz) and Fig. 9 shows simulated and measured return loss characteristics of Case-4 antenna with CSRR on both
driven and parasitic patches and in this case antenna is resonating for three frequencies 2.07GHz (70MHz), 8.83GHz
(940MHz) and 10.67GHz (440MHz). From the table 1 we can see the simulated and measured results of the proposed
antennas. The virtual size reduction of 65.38% is achieved in case-2 antenna.
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Fig. 8. Simulated and measured return loss characteristics of Case-3 antenna
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Fig. 9. Simulated and measured return loss characteristics of Case-4 antenna

Table 2: Compared results of simulated and measured gap-coupled microstrip antennas with and without CSRR

Antenna Resonating Return loss (dB) Bandwidth
Frequency (GHz) (MH2z)
Sim. Meas. Sim. Meas. Sim. Meas.
Conventional | 5oy | 595 | -33.05 | -3221 | 108 250
antenna
Simple patch 6.08 5.97 -24.25 -26.90 130 140
(Case-1) 10.34 10.81 -30.44 -17.58 474 920
1.98 2.04 -21.69 -14.16 52 50
CSRR on 5.12 5.09 -18.72 -18.25 186 160
driven patch 9.02 8.24 -25.03 -13.27 242 490
(Case-2) 10.90 8.97 -10.74 -24.31 158 260
11.06 -16.43 610
CSRR on 5.96 5.86 -25.03 -20.10 180 180
practice -- 8.12 -- -10.17 -- 100
patches - 8.88 - -10.34 - 90
(Case-3) 11.11 10.85 -29.86 -14.97 415 770
CSRR on 1.98 2.07 -22.67 -14.29 70 70
both driven 5.28 -- -10.41 -- 60 -
and parasitic 8.91 8.83 -26.34 -27.75 250 940
patches 1090 | 10.67 | -11.46 | -20.27 | 150 | 440
(Case-4) ) ) ) )
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Fig. 10 shows current distributions of Case-1 antenna at 6.08GHz, and Case-4 antenna at 5.29GHz. The current is
flowing in almost entire patch, the different colors represents different magnitudes of the current. Fig. 11 (a) and (b)
show the radiation patterns of Case-4 antenna taken at 1.98GHz and 5.29GHz. From these figures it is seen that, the

patterns are broadside nature in both the cases.
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Fig. 10. Current distributions of Case-1 antenna at 6.08GHz, and Case-4 antenna at 5.29GHz
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Fig. 11. Radiation patterns of Case-4 antenna at 1.98GHz and 5.29GHz.
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IV.CONCLUSION

Gap-coupled rectangular microstrip antenna with combination of CSRR loaded on driven patch and parasitic patches
have been presented. The proposed design helps to achieve both reduction in the antenna size with multiple resonances
and the improvement in the bandwidth. The results presented in this paper are promising for designing of compact
multiband antennas without much change in the antenna bandwidth, which makes the antenna useful for wireless
communication.
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