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ABSTRACT
In this paper, a rectangular patch microstrip antenna with a circular slot on the
ground plane has been designed and analyzed. By incorporating a circular shape
defected ground structure (CS-DGS) into the ground plane of the rectangular patch,
triple bands are obtained from 2.55 GHz to 5.57 GHz. A peak gain of 7.74 dB is
achieved, retaining the nature of broadside radiation characteristics. The proposed
antenna may find application in modern wireless communication systems.
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1. INTRODUCTION
Recently there has been a growing demand of microwaves in various applications resulting in
an interest to improve antenna performances. Wireless communication systems and
instruments like wireless local area networks (WLAN), cellular phones etc. require small size,
low cost, light weight antennas. The selection of microstrip antenna technology can fulfill
these requirements [1-3]. Significant advances in the design of microstrip antennas have been
presented over the last decades. Defected ground structure is one of the techniques used to
reduce the antenna size [4]. From the literature, various design techniques using DGS have
been found for Bluetooth and WLAN applications [5-6]. DGS is realized by inserting a shape
defected on a ground plane of antennas. This defect disturbs the shield current distribution in
the ground plane depending on dimension of the shape. This disturbance will influence the
input inductance and capacitance of transmission line. DGS are widely used in modern
communication system to make the system effective. Hence, in this paper a microstrip
antenna with DGS technique is presented.
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2. ANTENNA DESIGN
The top view and bottom view of circular slot on the ground plane of rectangular patch
microstrip antenna (CSGPRPMA) is shown in Figure 1 and Figure 2 respectively. In Figure 1,
the CS-DGS is drawn with dotted lines to indicate that it is located on the bottom of the
substrate. The artwork of the proposed antenna is prepared by using Auto-CAD software to
achieve better accuracy and is fabricated using low cost glass epoxy substrate material of area
X x Y having thickness h = 0.16 cm and dielectric constant εr = 4.2. The circular slot with
radius R = 0.5 cm is inserted on the ground plane of the rectangular patch of size L x W
designed for the frequency of 3.2 GHz. A simple 50 Ω microstripline feed structure of length
Lf and width Wf is used to excite the antenna at the center of the rectangular radiating patch.
The quarter wavelength transformer of length Lt and width Wt is used to match the impedance
between radiating patch and microstripline feed.

Figure 1 Top view of CSGPRPMA

Figure 2 Bottom view of CSGPRPMA

The design parameters of the proposed antenna are listed in Table 1.
Table 1 Antenna design parameters
Antenna
parameters

X

Y

L

W

Lf

Wf

Lt

Wt

R

Dimensions
in cm

5.3

9.82

2.24

2.91

2.183

0.317

1.372

0.078

0.5

3. EXPERIMENTAL RESULTS
The simulation of the CSGPRPMA is carried out using High Frequency Structure Simulator
(HFSS) software and Vector Network Analyzer (Rohde Schwarz, Germany make ZVK model
1127.8651) is used to measure the experimental return loss less than -10dB.
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Figure 3 Return loss versus frequency of CSGPRPMA

Figure 3 shows the return loss versus frequency of CSGPRPMA. From this graph the
experimental bandwidth (BW) is calculated using the formula,
Impedance Bandwidth = BW (%)=

× 100%

(1)

where fL and fH are the lower and upper cut-off frequencies respectively when their
return loss reaches -10dB and fr is the center frequency of the operating band. From this
figure it is seen that the antenna resonates at three frequency bands f1, f2 and f3 at 2.57 GHz,
4.8 GHz and 5.48 GHz respectively. The magnitude of experimental bandwidth calculated
using the equation (1) is found to be BW1 = 1.945 % , BW2 = 2.7 % and BW3 = 3.28 %. The
first band BW1 is due to the fundamental resonance of the patch and other bands BW2 and
BW3 are due to circular slot on the ground plane of the rectangular patch. Further, it is noted
that, by inserting circular slot on the ground plane, the virtual size reduction of 19.68% is
achieved. The simulated result of proposed antenna is also shown in Figure 3. From the graph,
it is observed that simulated and experimental results are in good agreement with each other.

Figure 4 Radiation pattern of CSGPRPMA at 2.57GHz

Co-polar and cross polar radiation pattern of CSGPRPMA at 2.57 GHz are as shown in
Figure 4. From these figures it is seen that, the pattern is broadside and linearly polarized.
The gain of CSGPRPMA is calculated using absolute gain method given by the formula,
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( )

= 10 log

−( )

− 20

4"#

(2)

where Gt is the gain of pyramidal horn antenna and R is the distance between the
transmitting antenna and the antenna under test(AUT). The power received by AUT, Pr and
the power transmitted by standard pyramidal horn antenna Pt are measured independently.
The maximum gain measured for CSGPRPMA is found to be 7.74 dB.

4. CONCLUSION
The proposed antenna operates for triple frequency bands from 2.57 GHz to 5.48 GHz. It is
constructed by placing circular slot on the rectangular patch microstrip antenna to achieve a
maximum gain of 7.74 dB with virtual size reduction of about 19.68 %. The radiation
characteristics are broadside and linearly polarized. The CSGPRPMA may find application in
modern wireless communication systems.
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