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Abstract— Use of defected ground structure (DGS) to
enhance performance of the antenna is presented in this
paper. Initially, a single patch antenna is designed using
proximity coupler fed technique. Then, the experimental
investigations have been carried out on a single patch
antenna that has been added with a DGS. In order to
reduce size of the antenna, an arrow head shaped DGS is
used in the ground plane. Analysis has been done to
compare between the simulation and the measurement
result for antenna with and without DGS. It was found
that about 59.3% size of antenna has been reduced.
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I. INTRODUCTION

URRENTLY, DGS are getting more and more popular

in designing an antenna. Various slot DGS antenna have
been reported such as V-shaped, dumbbell, square, and
many more. Besides, many application that have been
reported also for the use of DGS such as harmonic reduction
[1], cross-polarization suppression [2] and mutual coupling
reduction [3] in antenna arrays etc. Although the back to
back geometries have been reported by the various
researchers [4,5] but here a new coupling method i.e.
proximity coupling with the defected ground structure is
used for the consideration of getting smaller antenna size
and.

The objective of this project is to design a single patch
antenna with DGS to reduce the size of antenna, that
operating at 2.4 GHz for wireless local area network
(WLAN) applications. The proposed antenna design is
simulated on Computer Simulation Technology (CST)
Microwave Studio Software and fabricated on Taconic
substrate. This project will cover two method used which are
the proximity coupler fed and DGS.

a) Proximity coupler fed

Two substrates are need for this method. The first
substrate is consist of a patch on the upper side of the
substrates while on the second substrate, consist of a feed
line on the upper side and a ground plane at the back of the
substrate. Figure 1 illustrates the proximity coupler fed
technique.
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Figure 1: The geometry of proximity coupler feed antenna

[6].

b) Defected Ground Structures (DGS)

Defected Ground Structure (DGS) is a technique,
where the ground plane of a microstrip antenna is purposely
customized by adding any shaped of slot to enhance the
performance of an antenna. The basic element of DGS is a
slot in the ground plane, and located exactly below a feed
line. Figure 2 shows various structure of DGS slot that can
be used [7].

(o) Meander fines

(d) Various dumbbel shapes.
Figure 2: Some common configurations for DGS resonant
structures [7].
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II. ANALYTICAL ANALYSIS OF THE ANTENNA

A. Calculation

The value of width (W) and length (L) for this patch is
determined by using Equation 1 and Equation 2 respectively.
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The microstrip feed line is determined by using Equation 5
and Equation 6.
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B. Antenna design.

The proposed printed single patch antenna is shown in
Figure 3. The patch is printed on the side upper of the first
substrate while the microstrip feed line is on the upper side
of the second substrate, the ground plane is on the back side
of the second substrate. The antenna is designed on a
Taconic RF-30 substrate with a relative dielectric constant
£r=3 and thickness h=0.76mm. The characteristic impedance
of the microstrip line is 50Q. The length (L) and width (W)

of the patch are 33.88mm and 37.19mm respectively, which
are optimized to operate at 2.4 GHz frequency.
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Figure 3: Antenna geometry.

Then the ground plane of the antenna is then purposely
modified by aading a slot to observe the antenna
performance. The arrow head slot shaped DGS with
dimensions d = 10mm, s = 31mm x = 2mm and h = Imm
was added in the ground plane of the antenna. The geometry
of shapes of DGS slot is shown in Figure 4. Detailed
dimensions are shown in Table 1.

Figure 4: Geometry of shapes of DGS slot.

Parameter (mm) Without DGS With DGS
Length, L 33.78 21.6
Width, W 37.19 218

w 1.91 1.91
/ 37.04 20
A 20.1 8.06
d - 2191
s - 1

h - 1

X - 2

Table 1: Dimension for both antennas.

III. CST SOFTWARE SIMULATION

A. Single patch antenna with Proximity-fed

The antenna was designed and simulated using CST
software to verify the antenna operation of the proposed
configuration. Before reaching to the final stage of designing
the antenna, a parametric study was investigated by altering




L and W of the patch. As shown in Figure 5, with the
decrease in the value of L, the resonant frequency of the
antenna is increasing. As for width, by decreasing size W,
the return loss is decreasing as well as shown in Figure 6.
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5 Puameter Magntude n 8B

S S st v L (L O 3 s
b N > o
o \ ;.A/ Ol 1.‘»:

21 27 21 24 bA 26 27 28 29 3
1o

Figure 6: Alteration of the width, W

The simulated return loss is shown in Figure 7. The
operating frequency is centred at 2.4GHz with -18.553dB.
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Figure 9: Antenna return loss

Figure 10 shows the radiation pattern that shows the
directivity and the gain in 3D of the antenna.
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Figure 10: Antenna radiation pattern

C. Comparison

It has been shown that the size of the antenna can be reduced
by adding a Defected Ground Structure (DGS). The result of
both design are shown in Table 1.
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Figure 7: Antenna return loss

Figure 8 shows the radiation pattern that show the directivity
and the gain in 3D of the antenna.
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Figure 8: Antenna radiation pattern

B. Single patch antenna with DGS effects

The antenna is then been modified at the ground plane to
enhance performance. The arrow head slot shaped DGS was
created at the ground plane of the antenna. A parametric
study was done by varying s, d, h and x of the slot. The
simulated return loss is shown in Figure 9. The operating
frequency is centered at 2.4GHz with -34.56dB.

Antenna Without DGS With DGS
Parameter

Bandwidth 55.73 MHz 81.48 MHz
Return Loss -18.53 dB -34.56 dB
Gain 45dB 2.6 dB
VSWR 1.26 1.03
Antenna size 2408mm? 980mm’

Table 1: Antenna parameters

The simulated return loss for both designs is shown in Figure
11. It shows that the return loss is reduced after adding a
DGS.
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Figure 11: Simulated return loss

1IV. RESULT AND DISCUSSION

Initially, the antenna without the DGS in the common
ground was simulated and was found to resonate at 2.4 GHz
with -18.553 dB return loss. Then the antenna was simulated
with the arrow head shaped DGS. Before accomplish to the




final size of the DGS, a parametric study was done by
varying each parameter of the slot.

Based on Figure 12, by increasing the size of d, the
resonant frequency of the antenna is decreasing. The length
of the patch is reduced to optimize the resonant frequency to
be operated at 2.4 GHz. In addition, by changing the
position of the DGS along the feed line, the resonant
frequency is remain same but has higher return loss.
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Figure 12; Return loss by varying DGS length, d.

Figure 13 show the implemented prototype of the
proposed antenna. It shows that the size of the antenna has
been reduced by adding a DGS in the ground plane.

® (b)

wi::i»gure 13: Fabricated Antennas; (a) without DGS,
(b) with DGS.

The simulated and measured return loss plot of the
structure with and without DGS is shown in Figure 14 and
Figure 15 respectively. Both graph shows that the return loss
is shifted. This may due to the material used and the glue
used to bond the first and second substrate. The glue is not
taken into consideration during the simulation process.
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Figure 14: Return loss for antenna with DGS
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Figure 15: Return loss for antenna without DGS

The measured radiation patterns for both antennas are
shown in Figure 16. It can be observed that the H- plane
radiation pattern is quite similar. Measurements errors are
mainly because the antenna measurements did not carried
out inside an anechoic chamber.
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Figure 16: Antenna radiation pattern.

V. CONCLUSION

The antenna design and analysis for DGS effects were
carried out in this report. A single patch antenna with
proximity coupler fed technique has been designed. The
optimization has been made to get a good performance of
the antenna. Results have shown that the size of the antenna
can be reduced by adding a DGS. It was found that about
59.3% size of antenna has been reduced.

VI. RECOMMENDATION
Based on the research work carried out in the present
investigations, future work recommendations can be carried
by using different shape of the DGS slot.
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