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ABSTRACT

Use of defected ground structure (DGS) to reduce the size of patch antenna is presented in this paper. In order to get a
dipole like radiation pattern for some specific application a dumbbell shaped DGS is used in the common ground plane
of back to back combined single fed proximity coupled antenna. A size reduction of about 60% is achieved. Parametric

analysis has been done to see the resonance behavior of the antenna with DGS.
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1. Introduction

The continuous shrinking size of electronic equipments
demands similar size antenna elements in order to fit
properly in wireless devices without compromising the
other radiation properties of the antenna. In this respect
microstrip patch antennas are quite an obvious choice
because of its other benefits like low profile, light weight,
low cost and easy fabrication.

But as far as size of these patches concerned, the patch
length should be around half-a-wavelength for the struc-
ture to act as a good radiator. Different techniques have
already been used for the antenna size reduction such as
using the substrate with high dielectric constant [1] , edge
shorted patches with shorting plates or shorting walls, use
of the shorting pin at the suitable position etc [2,3].

As far as our understanding goes much has not been
reported regarding the use of DGS for size reduction of
microstrip antennas, although its application have been
reported for harmonic reduction [4], cross-polarization
suppression [5] and mutual coupling reduction [6] in an-
tenna arrays etc. Although the back to back geometries
have been reported by the various researchers [7,8] but
here a new coupling method i.e. proximity coupling with
the defected ground structure is used for the considera-
tion of the increased bandwidth.

This paper presents the application of DGS for size
reduction of microstrip antennas. A dumbbell shaped
DGS is used in the common ground plane of a back to
back combined single feed proximity coupled microstrip
antenna.
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2. Defected Ground Structure

Recently there has been an increasing interest in the use
of DGSs for performance enhancement of microstrip an-
tennas and arrays. These are realized by etching off a
simple shape defect from the ground plane of the planer
circuits.

Although various complicated DGSs were reported in
the literature, but the simplest one is the dumbbell shaped
DGS. Figure 1(a) shows the simple and mostly used
dumbbell shaped DGS that is etched in the ground plane
below the microstrip line, in which both the areas (L, *7,)
and the slot gap (g) play a very important role to find the
resonance behavior of the DGS.

The head areas (L,*W,) is very useful for the variation
in the inductance (L) and the slot (g) produces the ca-
pacitance (C). The L and C may be calculated from the
formulae given below [9].
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Figure 1. (a) Dumbbell shaped DGS, and (b) DGS Equiva-
lent Circuit.
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When this DGS is applied to the antenna, the equiva-
lent inductive part due to the DGS increases and produces
equivalently the high effective dielectric constant, thereby
decreasing the resonant frequency when the DGS is in-
corporated in the ground plane of a micro strip antenna.

3. Antenna Design with DGS

In this section, the design approach and the performance
of the basic antenna and the antenna with DGS is de-
scribed. At the outset, the single patch antenna was de-
signed and simulated using the CST Microwave studio
[10], for the operating frequency at 5.0 GHz. Then an-
other patch of the same size was added in the opposite
side of the ground plane and fed in the same way as the
first one. The configuration seems as two patch antennas
having a common ground plane working at the same fre-
quency. Next the feed lines were combined for the an-
tenna for single feed design. For this purpose the antenna
feed lines W, = 0.934 mm with d, = 1.5 mm were de-
signed of 100 ohm and for matching to the 50 ohm
transmission line (#, = 3.86 mm) a quarter wave length
transformer (W, = 2 mm) was used to give proper match-
ing (Figure 2).

The cross-sectional view of the single fed back to back
combined proximity coupled antenna is shown in the
Figure 2(a). The layouts of matching networks only are
emphasized in this Figure 2(b) for convenience. It is
observed that the antenna designed in this configuration
gives the bandwidth of 137 MHz whereas single antenna
gives a bandwidth of 67 MHz. This is due to the fact that
as the antenna height increases the quality factor decreases
and the bandwidth increases. This becomes a multilayer
antenna with more height and higher bandwidth as com-
pared to the single patch antenna.

The simple transmission line model was used for the
antenna size calculation. The dielectric constant was
taken as 3.38 with the loss tangent 0.0025 and of 1.524
mm thickness. The patch lengths L, and widths 7, are 15
mm and 19 mm respectively. The feed line has been in-
serted inside the dielectric at a height equal to the half of
the height (2 = 3.048 mm) of the antenna on either side.
The dumbbell shaped DGS with dimensions L, = W, =
8.6 mm and g = 0.76 mm was created in the ground plane
of the antenna as shown in the Figure 2(c). A small slot
was also created for making the antenna with single feed.
The two feed lines were connected with a metal strip
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which goes through the small slot in the ground plane.
The fabricated antenna is shown in Figure 2(d).
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Figure 2. (a) Cross-sectional view of antenna configuration,
(b) Feeding Network, (c) Top-View of the antenna, (d) Fab-
ricated Antenna.

4. Results and Discussion

At first the antenna without the DGS in the common
ground was simulated and was found to resonate at 5
GHz with 137 MHz Bandwidth.

Then the structure was simulated with the dumbbell
shaped DGS. Before reaching to the final size of the DGS,
a parametric study was done by varying L,, Wjand g of
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the DGS. As shown in Figure 3, with the increase in the
value of L,, the resonant frequency of the antenna is de-
creasing. Infect, increase in the length of the DGS head
gives increasing inductance which in turn decreases the
resonant frequency of the antenna.

At this point the increment in the (g) was not possible
due to the accuracy in fabrication, so for this reason the
other dimension (g) was kept constant for the require-
ment of the desired frequency (2 GHz). The size of the
DGS single square head for the antenna to resonate at 2
GHz (UHF Band) was found to be 8.6 mm x 8.6 mm.
The return loss (S11 [dB]) plot of the structure with and
without DGS is shown in Figure 4(a). Figure 4(b)
shows the measured S11 parameter using the HP 8720 B
network analyzer. The marker’s position near to peak
shows the resonance frequency 2.08 GHz with return
loss of -13 dB. The result shows good agreement with
the simulation results. The measured -10 dB bandwidth
is about 60 MHz. The maximum size reduction achieved
is about 60%.
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Figure 3. S11 Vs. Frequency response by varying DGS
length (Lg).
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Figure 5. Antenna radiation pattern (measured and simu-
lated) at 2 GHz Frequency.

The measured and simulated power patterns of the an-
tenna are shown in Figure 5. It can be observed that the
E-plane radiation pattern is similar to the pattern for a
dipole antenna. Measurement errors are mainly due to the
spurious radiation created by the feeding end and the im-
proper coupling of the elements. However the gain
measured experimentally for the proposed antennas with
DGS is about -6.9 dB and -7.8 dB (where simulated gain
with DGS is 3.8 dB and 5.7 dB is for the antenna without
DGS, for both the planes) in both the E and H plane re-
spectively, which is consistent with the size reduction of
the antenna.

5. Conclusion

Microstrip patch antenna size reduction with DGS is car-
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ried out in this work. A dumbbell shaped DGS in the
common ground plane of a back to back microstrip
structure was found to give a size reduction of about 60%
and shifts the resonance frequency from 5 GHz to 2 GHz,
with 60 MHz bandwidth facilitating the antenna, to be
used for UHF band applications.
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