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Abstract
In this paper, a novel design for miniaturization of microstrip patch antenna with multiband operation of microstrip antenna is
proposed. The technique is based on etching out of Complimentary Split-Ring Resonator (CSRR) on the radiating edge of the
patch antenna. Numerical simulations are presented for a patch antenna with and without CSRRs by using IE3D simulation
software and measured practically. The measured results shows that antenna with CSRRs on the radiating edge of the patch
antenna is resonating at four different frequency points i.e., 4.96GHz, 6.05GHz, 8.62GHz and 11.25GHz., whereas, antenna
without CSRR i.e., conventional microstrip antenna is resonating at 5.98GHz. The size reduction of 16.92% is achieved and the

antenna gives the overall bandwidth of 17.88%. These antennas find application in Wireless Communications.
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1. INTRODUCTION

Microstrip patch antennas are very attractive candidates for
use in modern wireless communication systems due to their
moderate performance and ease of integration with
microwave devices. Nowadays, with trends towards down-
scaling of wireless communication devices, compactness of
radiating elements with single antenna to support different
technologies and standards becomes extremely important.
As such, miniaturization with multi frequency resonating
microstrip patch antennas is desired without sacrificing their
performance.

There are several papers on dual band or multiband antennas
[1,2] by using traditional methodology like use of slots,
defected ground structures (DGS), dielectric materials with
high-permittivity, ceramic substrates. But recently, there has
been a growing interest in artificial materials (i.e.,
metamaterial) [3] on antennas to drastically reduce their size
[4]. One of the most commonly used elements of
metamaterial is split ring resonator which was designed by
Pendry in 1999. The characteristics of the split ring
resonator have already been studied by many researchers
[5]. In its complementary structure, the CSRRs behaves as
an electric dipole excited by an axial electric field to create
an effective negative & medium and inhibit signal
propagation at resonance [6]. A technique of stub loaded
complimentary dual split and single split ring resonator on
the radiating patch is employed here to realize a compact
and multiband microstrip patch antenna. Simulated [7] and
experimental studies of the proposed antenna are presented
and discussed.

2. DESIGN OF ANTENNA AND CSRR
STRUCTURE

Fig. 1(a) shows the top view of proposed geometry of the
conventional rectangular microstrip patch antenna which is
designed by using low cost FR4 material having dielectric
constant er= 4.4 and thickness h=1.6mm. The conventional
microstrip antenna is designed for 6GHz with patch
dimensions L=11.33mm and W =15.25 mm fed by a 50Q
center fed microstripline feed having dimensions
Lf50=6.187mm and Wf50=3.060mm through a quarter
wave transformer of dimension Lt = 4.92mm and Wt =
0.50mm. The length Lg=40mm and Wg=40mm of the
ground plane of the antenna is calculated by Lg=6h+L and
Wg=6h+ W.

The study is carried by loading a stub at the middle of the
radiating edge of MSA with Ls=4mm and Ws=2mm which
is named as stub loaded microstrip antenna (SMSA) and is
shown in Fig. 1(b). Next the SMSA is loaded with
optimized dual spilt ring resonator of S =3.6mm,
Sw=0.2mm, S=0.2mm, g= 0.2mm which is named as stub
loaded complimentary dual spilt ring resonator microstrip
antenna (SCDSR-MSA) shown in Fig. 1(c). Finally by
maintaining all parameters of the SCDSR-MSA constant,
only the dual spilt is converted to single spilt which is
named as stub loaded complimentary spilt ring resonator
microstrip antenna (SCSR-MSA) is shown in Fig. 1 (d). The
Figs. 2(a), (b) and (c) are enlarged structures of proposed
stub, DSCSRR and SCSRR respectively. Fig. 3 shows the
photographic view of the proposed microstrip patch antenna
(a) Conventional (b) SCSR-MSA.
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Fig -1: Geometries of proposed microstrip patch antenna (a)
Conventional (b) SMSA (c) SDSCSR-MSA (d) SCSR-MSA
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Fig-2: Enlarged structures of proposed (a) Stub (b)
DSCSRR (c) SCSRR

(b)

Fig.-3: Photographic view of the proposed microstrip patch
antenna (a) Conventional (b) SCSR-MSA

3. RESULTS AND DISCUSSIONS

The simulation is carried out by using the mentor graphics
IE3D simulation software version 14.65 [5]. The parameters
of the proposed antennas are measured on Vector Network
Analyzer (VNA) (Rhode and Schwarz, Germany make ZVK
model 1127.8651).

Fig. 4 shows the simulated return loss characteristics of
conventional MSA with SMSA, SCDSR-MSA and SCSR-
MSA. Table 1 shows the results of simulated parameters of
all the proposed antennas. The impedance bandwidth over
return loss less than -10dB is determined by using the
equation

BW = [f?.'f——cf'l] * 100 %

Where, f1 and f2 are the lower and upper cut-off frequencies
of the band respectively, when its return loss reaches -10dB
and fC is the centre frequency between f1 and f2.

After the simulations of all the proposed MSASs, the
conventional MSA and optimized antenna (i.e., SCSR-
MSA) is fabricated and measured. The conventional MSA is
resonating at Fr = 5.97GHz with bandwidth of 240MHz. But
the SCSR-MSA is resonating with four different frequency
points Fr1=4.96GHz, Fr2=6.02GHz, Fr3=8.62GHz and
Fr4=11.25GHz with bandwidths of 59MHz, 109MHz,
531MHz, and 984MHz respectively. The measured return
loss characteristics are compared with that of simulated
values and the results are shown in Table 2. Fig.5 shows the
simulated and measured return loss characteristics of the
Conventional MSA and Fig. 6 shows the simulated and
measured return loss characteristics of the SCSR-MSA. It is
observed from the figures that, all the simulated and
measured results are in good agreement with each other.
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Fig-4: Return loss characteristics of proposed antennas with and without metamaterials

Table -1 Simulated results of proposed antennas

Antenna Resonating | Minimum | Bandwidth | Band
configurations | Frequency | Reflection | (MHz) width
(GH2) Co- (%)
efficient
(dBi)
Conv. MSA 5.89 -33.95 180 2.99
5.54 -27.80 152 2.74
SMSA 8.84 -10.60 64 0.72
11.16 -19.09 384 3.44
5.36 -28.68 130 2.42
SCDSR-MSA | 8.01 -19.49 125 1.56
11.16 -34.64 487 4.36
4.73 -16.44 44 0.93
SCSR-MSA 5.92 -22.50 133 2.24
8.64 -10.78 73 0.84
11.23 -39.07 227 2.02
04
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Fig.-5: Simulated and measured return loss characteristics of conventional antenna
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Fig-6: Simulated and measured return loss characteristics of SCSR-MSA
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Table-2 Comparison of Simulated and measured results of proposed antennas

Antenna Resonating Minimum Reflection . ;
. . Frequency . . Band Width (MHz) Bandwidth (%6)
configurations Co-efficient (dBi)
(GH2)
Sim Pract Sim Pract Sim Pract Sim Pract
Conv. MSA 5.89 5.97 -33.95 -42.40 180 240 2.99 4.02
4,73 4.96 -16.44 -12.00 44 59 0.93 1.18
5.92 6.05 -22.50 -13.84 133 109 2.24 1.80
SCSR-MSA 8.64 8.62 -10.78 -13.51 73 531 0.84 6.16
11.23 11.25 -39.07 -18.99 227 984 2.02 8.74

Fig. 7(a) and Fig. 7(b) shows the radiation patterns of conventional MSA and SCSRRMSA at their operating bands. From these
figures it is seen that, the patterns are broadside in nature in both the cases. Fig. 8(a) shows vector current distribution of conv.
Fig. 8(b) shows SCSR-MSA at 4.73GHz. Fig. 9 shows enlarged view of vector current distribution of
SCSR-MSA.. From this figure we can observe that the CSRR disturb the currents flowing on the surface, forcing them to meander
and thus the electrical length of the patch antenna increases in the radiating edge. Accordingly, the operating frequency decreases,
where as the physical size of the patch is unaffected.

antenna at 5.89GHz and
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Fig-7: (a) Radiation pattern of Conv. antenna at 5.89 GHz (b) SCSR-MSA at 4.37 GHz
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Fig-8: (a) Vector Current distribution of conv. antenna at 5.89GHz and (b) SCSR-MSA at 4.73GHz
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4. CONCLUSION

In conclusion, a technique for size reduction and multiband
microstrip patch antennas are presented. The proposed
methodology employs CSRRs that are etched out from the
radiating edges of the patch antennas has been proposed.
The technique is simple and easy to fabricate using
traditional milling techniques. It was found that a size
reduction of almost 16.92% with multiband resonating
frequencies is achieved for microstrip patch antenna with
stub loaded complimentary split ring resonator is etched in
the radiating edges of the patch antenna. The proposed
antenna with good performance is suitable for several
wireless applications and X-band communication.
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