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ABSTRACT: The achievement of high data-rates and low signal power the Research and Development of Microwave
engineering has been focusing to overcome some of the disadvantages. From the review of literature it’s found that
defected ground structure may meet the demands and has been rarely used in the improvement of antenna parameters.
Intentionally created error or the slot in the ground plane of a microstrip antenna is referred as the Defected Ground
Structure (DGS) and is used for different applications. DGS open field of development in the fields of microwave
engineering which leads to thousands of applications and developments till date.

In this paper microstrip patch antennas both rectangular and square are designed for 2.4GHz frequency. For the antenna
miniaturization and better bandwidth improvement H-shaped DGS on MSA is used. The simulation process has been
done through Finite Element Machine (FEM) based software High Frequency Structure Simulator (HFSS) software.
The properties of antennas such as reflection co-efficient, bandwidth and gain are determined and compared with each
other. The reflection coefficient of square patch antenna is -6dB better than that of rectangular patch. The bandwidth of
square patch is found to be 2.4% i.e. 40MHz whereas for rectangular patch it is 1.7% i.e. 30MHz. The radiation pattern
of both antennas is remaining unchanged. Further it is observed that the performance of square patch antenna is better
than rectangular patch after embedded with H-shaped defect ground structure. Proposed antenna may find its
application in wireless LAN protocols such as Bluetooth, IEEE 802.11 and in 2.4GHz ISM Band.
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1. INTRODUCTION

Defected Ground Structure, as the name reflects it’s the deliberately created mistake in the ground plane of microstrip
antenna, which is of particular geometry and shape which is etched out as a single defect or periodic configuration to
create a feature of stopping wave propagation through the substrate over a frequency range. Hence DGS can be defined
as a unit cell EBG [1]. The DGS slots are resonant in nature. Conventionally, in planar microstrip circuits, a DGS is
located beneath a microstrip line and it perturbs the electromagnetic fields around the defect. Trapped electric fields
give rise to the capacitive effect (C), while the surface currents around a defect cause an inductive effect (L). This, in
turn, results in resonant characteristics of a DGS They have different shapes and size with different frequency
responses and equivalent circuit parameters. The presence of DGS under the printed transmission line actually perturbs
the current distribution in ground plane and thus modifies the equivalent line parameter over the defected region. Thus
it influences the guided wave characteristics and exhibits

1. Band-gap properties as revealed due to EBG structure.

2. A slow wave effect, which helps in compacting, printed antenna circuit.

Modelling of DGS

A proper design approach is required to model the single DGS unit or multi DGS units with the proper modelling
technique we can obtain the mathematical base and model to design any DGS. A defect changes the current distribution
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in the ground plane of microstrip line, giving rise to equivalent inductance and capacitance. Thus DGS behaves like L-
C resonator circuit coupled to microstrip line.

When an RF signal is transmitted through a DGS- integrated microstrip line, strong coupling occurs between the line
and the DGS around the frequency where DGS resonates. If the transmitted signal covers the resonant frequency of
DGS, and most of the signal is stored in its equivalent parallel LC resonator. Basically modelling is classified into three
main categories: (a) transmission line modelling [8]; (b) LC and RLC circuit modelling [9]; and (c) quasi-static
modelling [10].
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Figure 1: Modelling of DGS
1. RELATED WORK

The structure having periodic arrangement of metallic, dielectric or metallodielectric bodies with lattice period
p=nl,/2, A,being the guide wavelength, are found to exhibit EBG behavior. Their productivity may be broadly
classified into three groups: (1) Three dimensional (3D) [7]; Two-dimensional (2D) [8]; One-dimensional (1D) [9];
Depending on configurations and size it is classified into Unit cell and Periodic, Unit cell DGS have different shapes
and sizes according to the requirement for antenna design such as Dumbbell, Spiral, ‘H’,”V’,”U’, Concentric ring, Split
ring , Meander, Fractal etc. In Dumbbell shape DGS is further classified into Square head, Arrow head, Circular etc.
The periodic repetition of the unit cell structure can be further classified into 1-D and 2-D DGS [10].

There are wide applications in active and passive devices useful for compact design. Since each DGS provides
its own distinctive characteristics depending on the geometries, such circuit functionalities as filtering unwanted signals
and tuning high-order harmonics can easily be accomplished by means of placing required DGS patterns, which
correspond to the desired circuit operations without increasing circuit complexity [10]. DGS is popular mainly for
printed circuit applications [11].

1. ANTENNA DESIGN PARAMETERS

For the designing of square microstrip patch antenna, the following equations are used to calculate the dimensions of
the square microstrip patch antenna.
Design consideration for required frequency.

Length L, usually 0.333 ;< L <0.5 4,
t<<], patch thickness

Height of substrate h, usually 0.003 5 <h < 0.05 1,
The dielectric constant is considered 2.2 <€, < 12
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An effective dielectric constant ¢, must be obtained in order to account for the fringing and the wave propagation in
the line. The value of ¢, (is little less thane, because the fringing fields around the edge of the patch are not confined in
the dielectric substrate but are also spread in the air. The expression for ¢,,.¢.can be given as:

1

Ereff =
The dimensions of the patch along its length have now been extended on each end by a distance AL, which is given
empirically as:

e+1 e -1 h1z
+ [1+12—
w

(ress +0.3) (% + 0.264)

AL = 0.412h
w
(ererr —0258) (X +08)

The effective length of the patchL,,now becomes:

Losp = L + 2AL
For a given resonance frequency f . the effective length is given by as:
° C

Lepr =
2f o/ Ererr

For a rectangular microstrip patch antenna, the resonance frequency for any TM,,,mode is givenby as:
1

==l @
= — + | —

0 2 sreff L w
Where m and n are modes along L and W respectively

For efficient radiation, the width W is given as:

W =
(g4+1)
2f, ST

Substrate dimensions given as:
Ly=6h+1& W ,=6h+W
Where,

h = substrate thickness
L = length of patch

L,sf = effective length

W = width of patch

f,= resonant frequency

&,= relative permittivity
&= effective permittivity
L, = Length of ground plane
W, = Width of ground plane

Based on the above formulae which are used to calculate conventional square patch antenna has been designed with
thickness of substrate as h=0.16¢cm and relative permittivitye, = 4.2. From the analysis the length and width of patch
are 3.01cm and 3.01cm respectively and length and width of substrate are 7.2cm and 4.2cm respectively. For
rectangular patch antenna only width is varied and it is 3.88cm. The proposed antennas are fed by using microstrip line
feed method. Figure 2 shows the top view of conventional MSA.
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The H-shaped DGS [12] has been embedded in the ground plane of the proposed antenna which consists of the two
rectangular slots and one rectangular connecting slot in the ground plane as shown in Figure 2. Figure 4 it shows the
bottom view of proposed antenna with DGS.
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Figure 2: Top view of conventional square MSA and the defect used
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Figure 4: Bottom view of proposed DGS antenna
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(AVA SIMULATION RESULTS

The S11 parameters for the proposed antennas are calculated and simulated reflection coefficients results are presented
and compared with each other and are shown in Figure 5.From the above figure it is observed that antenna-1 is
resonating at 1.61 GHz with impedance bandwidth of 500MHz when compared to conventional antenna, antenna-1 is
showing improved impedance bandwidth of 200MHz. Further all compared results are tabulated in Table-1.

Figure 5: Reflection co-efficient verses frequency graph.

Since the proposed antenna with DGS are resonating below the designed frequency. The size reduction value when
compared with conventional antenna in terms of percentage is also tabulated.

Dimension
ANTENNAS | 2S5 Fr | R_Coeff a}w BW gezguc%
A |B
S con - - 2.36 | -1550dB | 1.69 |40 |0
R_con - - 232 | -1262dB | 172 |40 |0
R-1 02 |14 |170 |-1525dB |2.35 |40 |41.17
s-1 02 |14 |164 |-21.20DB |3.06 |50 | 46.34
V. CONCLUSION AND FUTURE WORK

From the detailed study it is observed that the conventional antenna is designed for 2.4GHz and further an H-shaped
DGS is incorporated exactly below the patch and by doing this it is observed that antenna is resonating at the lower
frequencies. By varying the dimensions of ‘a’ and ‘b’ of DGS it is further obtained that resonating frequency is shifting
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to lower frequency and from the comparative study the obtained maximum size reduction is 46.34%. By embedding
DGS bandwidth, radiation pattern and gain are also improved.
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