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Abstract: In this paper, a microstrip patch antenna combined with a new spiral shape defected ground structure is
investigated. The proposed antenna has a new spiral shape and is placed in the ground plane of a patch antenna. The
proposed antenna designed at 2.4GHz and the simulation is accomplished by HFSS software and measured returnloss,
radiation pattern, gain and efficiency at two dual frequencies 2.76GHz and 3.27GHz.The results are improved for
defected ground structures patch antenna compared with basic rectangular patch antenna.
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I. INTRODUCTION

In the modern days communication is amazingly transformed from wire to wireless. Wireless communication
provides inexpensive and flexible way for communication [1]. Antenna is one of the important elements of the
wireless communications systems. One of the antenna elements is microstrip parch antenna for wireless
communication. Microstrip patch antenna is the planner type antenna which provides more advantages such as
lowprofile, inexpensive, lightweight, low volume compatibility with integrated circuits and they can easily be
fabricated to operate dual band and multiband applications. Patch antennas constitutionally have narrow bandwidth
and to enhance the bandwidth, many techniques are developed.

One of the techniques in recent approaches is Defected Ground Structures (DGS) to improve circuit performance
and more investigation [2-3] is being carried out. Defected ground structure method is used to reduce the size of the
antenna for particular frequency compared to the without defected ground structure patch antenna. By introducing
defected shape on the ground plane [4-5] will disturb the shielded current distribution based on the shape of the
defect which will influence the current propagation [6-7] through antenna and input impedance. This can also
control the excitation, harmonics and electromagnetic waves propagating through the substrate layer.

In this paper a new spiral shaped DMS (SDMS) is introduced [8-10] to obtain the dual frequencies and

miniaturized size compared with the conventional microstrip patch antenna.The SDMS and without SDMS is
simulated at the same dimensions to verify the antenna parameters.
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II. SPIRAL-SHAPED DEFECTED MICROSTRIP STRUCTURE

The Layout of the proposed SDMS top view, bottom view and conventional microstrip patch antenna as shown
in Figurel.The Figla represents the conventional rectangular microstrip patch antenna designed for single band
frequency using the equations[ 1] of rectangular microstrip patch antenna and then modified with defected ground
structures to achieve the dual band frequencies.
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Figure 1a: Conventional MPA Figure 1b: Top view of SDMS
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Figure 1c: Bottemview of SDMS
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(A) Single band microstrip patch antenna

The dimensions of the single band microstrip patch antenna are shown in Fig. 1a. The substrate used for microstrip
patch antenna is Glass epoxy with height 1.6mm, dielectriconstant € = 4.4 and loss tangent=0.0009. The geometry
and parameters of the microstrip patch antenna can be calculated as follows for the central frequency (f) of
2.4GHz.The width (W) of the patch antenna is calculated by

c 2

W=—v
2/ e, +1

Where c is the free space velocity of light. The actual physical length (L) of the patch antenna is calculated by
L=L  -2AL, where L  is the effective length of patch antenna caused by fringing fields and AL is the extended
length due to fringing fields. L, and AL are given by

C
2ffens

(&5 + 3)[‘:; + 0.264)
AL=0.412h

w
(€5 —0.258) [h + 0.8j

Where ¢__. 18 the effective dielectric constant of microstrip patch antennas on dielectric substrate

e +1 ¢ -1 12
€,p =——+— 1+12h/W
= 5 ( )
Length of patch (L) 29.44 mm,
Width of patch (W) 38.04 mm,

Width of microstrip feed line (W0) 3.09 mm,
Inset feed distance (IFD) 28.54 mm,
Inset feed gap (IFG) 1.529 mm
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(B) Dual band microstrip patch antenna

Dual band microstrip patches antenna geometrical representation as shown in Fig. 1b. and 1c represent top view and
bottom view respectively..The etching of slots creates defect in the ground plane of the radiating patch which
disturbs the shield current distribution in the ground plane. This disturbance affects the input impedance and increases
the effective inductance and capacitance of the transmission line. The etching of slots from the ground plane
enhances the bandwidth. The etching of slots leads to many parameters to be examined for dual-band operation.

III. SIMULATION RESULTS

(A) Single band Antenna

Fig 2.a. shows the single band without SDMS antenna return loss is -12.86 dB at 2.4GHz which define good
matching between the antenna and feedline. The band width at -10dB is equal to 23.3MHz at the center frequency
of 2.394GHz (0.97% of the center frequency). Fig 2.b. represent the 2-D radiation pattern for E-Plane (® = 0°)
and H-Plane (® = 90°) in a rectangular
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Plot. The maximum gain of the single-band patch antenna is 6.5 dB at ® = 0° and 94.7% efficiency.
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Figure 2a: Returnloss curve at 2.4GHz
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Figure 2b: Rectangular plot of gains in E-Plane (® = 0°) and H-Plane (® = 90°), for the single-band
Microstrip patch antenna for 2.4GHz
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(B) Dual band Antenna

Fig 3. shows the dual band with SDMS antenna return loss is -28.58 dB at 2.76GHz and -24.98 at 3.27 GHz. The
band width at -10dB is equal to 118.5MHz at the center frequency of 2.76GHz (4.29% of the center frequency)

and 137.8MHz at the center frequency of 3.27GHz(4.21% of the center frequency) and efficiency at 3.27GHz is
98.9% and 99.29% at 2.76GHz.
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Figure 3: Return loss curve of SDMS
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Figure 4a: H Plane Radiation pattern at 2.76GHz Figure 4b: E Plane Radiation pattern at 2.76GHz
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Figure 5a: H Plane Radiation pattern at 2.76GHz Figure 5b: E Plane Radiation pattern at 3.26GHz
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Figure 6a: E Plane Radiation pattern at 3.26GHz Figure 6b: H Plane Radiation pattern at 3.26GHz

Fig. 4a and Fig 4b shows E-Plane (® = 0°) and H-Plane (® = 90°) polar plot radiation pattern of SDMS
antenna at 2.76GHz resonant frequency, Fig 6a and Fig 6b shows E-Plane (® = 0°) and H-Plane (® = 90°) polar
plot radiation pattern of SDMS antenna at 3.26 GHz resonant frequency and Fig 5a and Fig 5b shows 3D polar
plot radiation pattern of Spiral shape Defected ground Microstrip (SDMS) antenna at 2.76 GHz and3.26GHz.

IV. CONCLUSION

A Spiral shape Defected ground Microstrip (SDMS) antenna has been designed at dual band for 2.76GHz and
3.26GHz wireless communication in C band Applications. By etching of slots from the Ground plane in spiral
shape to gain dual band. The proposed antenna achieves dual-band operation with large useful bandwidths at -
10dB is equal to 118.5MHz at the center frequency of 2.76GHz (4.29% of the center frequency) and 137.8MHz
at the center frequency of 3.27GHz(4.21% of the center frequency) and efficiency at 3.27GHz is 98.9% and
99.29% at 2.76GHz(13.56% at 2.5 GHz and 10.36% at 3.5 GHz), as well as the effienciency of the proposed
antenna is higher than that of previously reported antenna using the without defected ground plane technique.
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