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ABSTRACT

A wideband microstrip antenna using parasitic patch element is proposed in this
paper. Initially a circular patch antenna is designed. The antenna is found to resonate
at 5.2 GHz and provides impedance bandwidth of 3.84%. To enhance the impedance
bandwidth, two unequal rectangular parasitic patches are introduced along with the
modified initial circular patch antenna which provides impedance bandwidth which
ranges from 7.86 GHz to 10.60 GHz with 29.68% of impedance bandwidth .Suitable
peak gain of 4.56 dBi is also achieved by the proposed antenna. This makes the antenna
suitable for X band (8-10 GHz) application.
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1. INTRODUCTION

The demand of small size wideband antenna is increasing day by day with the rapid
development of wireless communication systems. Microstrip patch antenna is a popular
candidate to satisfy these criteria. Microstrip patch antennas have several advantages mentioned
by Girish Kumar and K.P Ray [1]. They are low profile, light weight, low volume, low
fabrication cost, supports both linear and circular polarization, can be easily integrated with
microwave integrated circuits (MICs) and capable of dual and triple frequency operations etc
but it has the limitation of narrow bandwidth. Many techniques have been reported previously
to overcome its limitations for example CPW feed technique[2-3],using monopole antenna[4-
6], applying defected ground structure[7] using different slots on radiating patch[8] and using
rectangular radiating patch with parasitic patch [9] etc.

In this paper a modified circular patch antenna with two parasitic patch elements is
presented to widen the bandwidth. Proposed antenna provides impedance bandwidth ranging
from 7.86 GHz to 10.60 GHz. Satisfied gain and radiation patterns are also achieved.

2. ANTENNA DESIGN

The constructional details of the antennas are illustrated in this section. The antennas are
designed and simulated by Ansoft Designer V2 software.
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2.1. ANTENNA I

Design of Antenna | is discussed in this subsection. Antenna I consists of a circular radiating
patch. In the design procedure of the Antenna I, the desired resonant frequency, thickness and
dielectric constant of the substrate are selected initially. In this design of circular microstrip
antenna, low cost FR4 substrate with dielectric constant 4.4, height 1.6 mm and tan 6=.02 is
selected. A single element of circular patch antenna, as shown in figure 1(a), is designed for the
5.2 GHz resonant frequency using cavity model equation (1)[10],

Fr=1.8412Vo/2maVpe. (1)
Where Fr =resonant frequency,
Vo is the velocity of light in free space,
a=radius of circular patch,
p =permeability of the medium
and e=dielectric constant of the dielectric.

Using above mentioned equation the calculated radius is 8.1mm. After optimization the
considered radius for Antenna | is 8.2mm.To achieve proper matching between antenna and
coaxial probe, the antenna is excited by coaxial probe and the best feed position is chosen. Feed
point location for Antenna I is indicated as small red colour box shown in Fig. | (a) and is given
at tablel where first coordinate indicate x axis and second coordinate indicate y axis.

2.2. ANTENNAII

The Antenna | is modified by etching of two unequal semi-circular patches from the left and
right sides of the circular patch as shown in Fig. | (b) and it will be termed as Antenna Il. This
Antenna Il has been approximated as rectangular patch of length 8.5 mm and width 13 mm.
The operating frequency has shifted to 8.3 GHz.

Straight side of microstrip antenna provides a better gap coupling between the patches as
compared to that of the curved periphery of a circular microstrip antenna [11].That is why the
Antenna Il has been modified so that rectangular patch may be used as parasitic patch to
enhance the coupling. The dimensions and feed point location of the Antenna Il are listed at
tablel.

2.3. ANTENNA 111

A rectangular patch of dimension 3mm x19mm is introduced at the right side of modified
circular patch antenna (Antenna I1) and thereby Antenna Ill is constructed is shown in Fig.
I(c). The rectangular patch acts as a parasitic element with the modified circular patch. The gap
between the modified circular patch and parasitic rectangular patch is taken as small as possible
for the best coupling and after optimization the final gap of 0.5mm has been found for the
consideration. The dimensions and feed point location of the Antenna Il are listed at TABLE.1

2.4. ANTENNA IV (PROPOSED ANTENNA)

An extra rectangular patch of 4mmx 19mm is designed at the left side of the Antenna 11l and
the gap between rectangular patch and main radiating element is 0.5mm and Antenna IV is
designed as shown in Fig. | (d). Here two unequal rectangular patches act as parasitic elements.
The energy of main patch is coupled between the two parasitic patches and hence larger
impedance bandwidth is obtained. The feed point location is chosen closer to the edge of the
main radiating patch so as to achieve the best coupling and hence larger bandwidth is obtained.
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Figure. 1: Proposed Antenna Structure.
(2)Antenna I; (b) Antenna IlI; (c) Antenna Ill, and (d) Antenna IV
TABLE.1

Dimensions of the Antenna Structure

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
8.2mm | 5mm | 3.5mm | 13mm | 18.8mm | 5.5mm | 8.5mm | 3mm | 19mm | 4mm | 4mm
D12 D13 Fpl Fp2 Fp3 Fp4
8mm 19mm | (2.5,0) | (4,0) (4,0 (4,0

3. RESULTS

The simulated results of return loss, gain and radiation pattern of the Antenna I, Antenna II,
Antenna Il and Antenna IV are discussed in this section. The details of frequency versus return
loss curve for all antennas are shown in Fig. Il. Fig. Il (a) shows the frequency versus return
loss of Antenna I. The antenna resonates at 5.2 GHz and simulated bandwidth is 200 MHz and
percentage of bandwidth is 3.84%. The frequency versus return loss of Antenna I, Antenna 11
and Antenna IV are shown in Fig. Il (b), Fig. Il(c) and Fig. 11 (d) respectively. Antenna II
provides two resonate frequencies of 8.3 GHz and 9.7 GHz with impedance bandwidth of 720
MHz and 440 MHz respectively. Antenna Il is an approximation to rectangular patch. Two
frequency bands are obtained from Antenna Il are shown in Fig. 11(c).The two resonate
frequencies are 8.2 GHz and 9.8 GHz and impedance bandwidths are 590 MHz and 460 MHz
respectively. Finally with the introduction of two parasitic patches (Antenna IV) the impedance
bandwidth of 2.74 GHz (7.86 GHz-10.60 GHz) is achieved by the proposed antenna which is
29.68 % and is shown in Fig-11 (d). Fig. Il (e) shows the comparative study of frequency versus
return loss of Antenna I, Antenna Il, Antenna Ill and Antenna IV. Here it is shown that the
resonant frequencies of Antenna I, Antenna I11 and Antenna IV have shifted at upper frequency
range. This is due to the fact that the dimension of the main radiating patch of Antenna II,
Antenna Il and Antenna IV becomes smaller than initial patch (Antenna I). Frequency in GHz
versus gain in dBi is shown in Fig Il .Simulated gain of Antenna I is shown in Fig. Ill (a).The
peak gain is 3.7 dBi at 5.2 GHz. Fig. 11 (b) shows the gain of Antenna Il. The peak gain is 4.42
dBi. Antenna Il provides peak gain of 4.4 dBi is shown in Fig. 111(c).The peak gain of 4.56 dBi
at 8.2 GHz frequency is obtained from the Antenna IV and is shown in Fig. 11l (d). Radiation
patterns of the antennas are shown in Fig. IV. Radiation pattern of Antenna | at 5.2 GHz is
shown in Fig. IV (a). Fig. IV (b) and Fig. IVV(c) shows radiation patterns of Antenna Il at 8.3
GHz and 9.7 GHz respectively. Radiation patterns of Antenna Il at 8.2GHz and 9.8GHz are
shown in Fig. IV (d) and Fig. IV (e) respectively. Again radiation patterns of Antenna IV at 8.2
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GHz and 9.2 GHz and 10.48 GHz are shown in Fig. IV (f), Fig. IV (g) and Fig. IV (g)
respectively.
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Figure. 2 Plot of frequency (GHz) versus return loss (dB).

(a) Antenna I; (b) Antenna I1; (c) Antenna Il1; (d) Antenna IV; and (e) Comparative study of
frequency versus return loss for Antenna I, Antenna Il, Antenna 111 and Proposed Antenna.
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Figure. IV: Radiation patterns of the Antennas. (a) Antenna | at 5.2 GHz; (b) Antenna Il at 8.3 GHz;
(c) Antenna Il at 9.7 GHz; (d) Antenna Il at 8.2 GHz; (e) Antenna Il at 9.8 GHz; (f) Antenna IV at

8.2 GHz; (g) Antenna IV at 9.2 GHz ; and (h) Antenna IV at 10.48 GHz

4. CONCLUSION

A design of microstrip wideband antenna is proposed here. Impedance bandwidth of the
proposed antenna has improved significantly by adding two rectangular parasitic patches with
the main modified circular patch. As a result, a wide bandwidth from 7.86 GHz to 10.60 GHz
for a return loss greater than 10 dB is achieved. The antenna provides peak gain of 4.56 dBi.
Suitable radiation patterns are also obtained. These make the Antenna IV suitable for X band

application.
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