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ABSTRACT

Now a day the requirement of wireless communication
increased rapidly with the demand for applications. This
leads to the requirement of the design of compact wireless
transceiver units. The antenna is one of the major blocks in
the design which defines the compactness and efficiency of
the unit. In this work, an elliptical patch antenna is designed
on the FR4 substrate with er= 4.2. Again the effect of
etching the ground is studied. Also, the effect of inset
feeding length studied. In the work, the author discussed
various methods to convert a narrow band (NB) antenna into
the ultra-wideband (UWB) antenna and wise versa. The
proposed antenna can work in ultra band operation from 1
GHz to 12GHz. The same proposed structure can work a
wide band of 5.8 GHz bandwidth from 2 GHz to 7.8 GHz
with inset feed.

Key words: Elliptical patch, Etching ground, inset feeding,
narrow band (NB) antenna, ultra wideband (UWB) antenna

1. INTRODUCTION

With the huge requirements of society, technology also
developed rapidly. Especially in wireless communication
systems, the growth is not having limits. With these
unbounded limits, various wireless systems designs also
increased. The major requirements are compacts, efficiency
in terms of performance and power handling capabilities.
The power handling capabilities can be improved by proper
circuit design along with the antenna. But the performance
of handling a wide band of allocation depends on the
antenna design. The band of frequencies from 3.5 GHz to
10.6 GHz is approved as UWB by FCC in 2002. Various
commercial applications come under this frequency band. So
the design of the antenna in this band is a profitable
challenge [1]. Various methods such as ground etching and
providing slots in the patch are used to get this wideband and
ultra-wideband antenna structures. S K Toshniwal et al. [2]
proposed a compact patch antenna design for UWB
applications. In that design, a modification is made in the
ground structure. But the design complexity is more. A
simple elliptical design is proposed in [3] which suffer from
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a poor S11 plot below 10GHz. The selection of shape also
shows the compactness. The elliptical, circular shape patches
occupy less area than a rectangular patch for the same
application band. This is one of the reasons so that circular
or elliptical shapes are popular. Further, there is a freedom
of parameter alteration is more in ellipse when compare with
other standard structures. In the rectangular patch, only
length and width dimensions can change, but by changing
width the resonant frequency will be a shift. In a circular
patch, the only radius dimension can able to change. Unlike
the rectangular and circular there is some freedom for the
designer to change the geometry of the elliptical patch so the
size can be reduced [4]. In [5] a monopole antenna proposed
with etching in the patch for wideband application with a
complex design. A multiple band frequency antenna is
proposed with the elliptical and fractal structure in [6] which
not the UWB antenna. Various algorithms, structures,
methods to improve the antenna performance are proposed
and discussed in [7-14] all are having modification in the
patch. One of the simple approaches is etching the ground
can give ultra-wideband operation without altering the parch
shape. The inset feed also plays an impartment role in the
frequency response of the antenna. Changing the length and
width of the inset feed the wideband characteristics also
change [15-19].

From the above knowledge an elliptical patch antenna is
proposing that can operate at 2.4 GHz center frequency, the
effect of etching ground on frequency response can be
studied. Further, the effect of inset feed also studied. The
simulation is done using commercial EM simulator HFSS.
Section 1 states introduction and background, section 2
covers the design process, HFSS design model and
simulation results, section 3 explains simulation results
along with discussions and finally section 4 concludes the
work.

2.THE DESIGN PROCESS

There are various approaches in the design of elliptical-
shaped patch antennas such as analytical and genetic
algorithms. In this paper, the area of the elliptical patch and
the dimensions are calculated using the following metrics [6]
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Here rpe and ryesr € effective lengths of semi major and
minor axes respectively. They are calculated using
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In above equation when x=a then effective major axis and
with r=Db the effective minor axis is obtained.
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h is the height of the substrate

w = width of minor axis

g, is dielectric constant of the substrate

2.1 Elliptical Patch Antenna With Full Ground

The antenna design is carried out using commercial EM tool
HFSS. An elliptical patch having lengths of semi-major and
semi-minor axes ry, r,. FR4 with &=4.2 is used as substrate
having dimensions with substrate height 1.6 mm. The
following Table.1 shows the dimensions of the design, the
design is shown in Figure 1.

Table 1: Design parameters of Elliptical patch antenna

Parameter | Description Dimension (mm)
Ls Substrate length 40
Ly Feeder line length | 18.2
Wi Substrate width 40
W, Feeder width 2
h Substrate height 1.6
ra Semi major axis 20
M Semi minor axis 10
i i
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Figure.1: Elliptical patch antenna (a) Top view, (b) Bottom view,
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The simulation result to the above model is, return loss (S11)
and 3D radiation patterns are shown in Figure 2 (a) and (b).
The S11 shows very poor values and the gains also very low

511 with full ground
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Figure 2:Elliptical patch antenna with full ground
(a) Return loss (S11), (b) Radiation pattern

2.2 Elliptical Patch Antenna With Etched Ground

Elliptical patch antenna with more than 50% i.e. 22 mm
ground etched shown in Figure 3. The resultant return loss
(S11) and the radiation 3D plot is shown in Figure 4.

Their simulation results are, return loss (S11) and 3D
radiation patterns are shown in Figure 4. From the results the
antenna can an UWB antenna with band width from 1 to
beyond 10 GHz, but little poor in radiation pattern.
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Figure 3:.Elliptical patch antenna with etched ground (a) Top
view, (b) Bottom view
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Figure 4:Elliptical patch antenna with etched ground
(a) Return loss(S11), (b) Radiation pattern

2.3Effect Of Inset- Fed On Elliptical Patch Antenna
With Etched Ground

The input feed line is notched in to the patch, the notch
width fallows squared cos function known as inset-fed.
Taking an inset feed with insertion length of L; mm and 0.3
mm width to above design the resultant HFSS model, return
loss (S11) and radiation plot is shown in Figure 5.
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Figure 5: Elliptical patch antenna with etched ground
(@) Top view (b) Return loss(S11) (c) 3D radiation pattern

2.4 Effect Of Substrate Height On Elliptical Patch
Antenna With Etched Ground And Inset Feed

The substrate height also plays an important role in antenna
size. Large ¢, and substrate thickness are very efficient, but
size is large. Smaller &, and substrate thickness are compact
in size but lower efficient when compared. In this work the
substrate heights are h= 0.4mm, 0.8mm, and 1.6mm are
verified with FR4 (g, =4.2) substrate. The same are
compared with RT duroide (g =2.2).

3.SIMULATION RESULTS AND DISCUSSIONS

By simulating the above designs the results are showing
interesting relations. By etching ground plane the
narrowband antenna is shown in becoming ultra-wideband
antenna and also the unidirectional radiation pattern
becomes Omni-directional. This is clearly explained in
Figure 2 and Figure 4. By applying inset feed the ultra-
wideband antenna becomes a narrow band, but the radiation
pattern is omni directional. This is shown in figure 5.

The following Figure 6 shows the plot of return loss (S11)
variation with changing the insertion feed length (Li). Figure
7 shows the compression plots of the elliptical patch with the
full ground, etched ground, and etched ground with inset
feed.
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Figure 6:Variation in return loss (S11) with inset feed length (L)
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Figure 7: Comparison of return losses (S11) of elliptical patch
antenna with full ground, etched ground and inset feed

The fallowing Figure 8 shows the variation of S11 by
changing substrate from high &, ( FR4) to low &(RT duroide)
with different substrate heights.
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Figure 8:Comparison of return loss (S11) of elliptical patch

antenna by changing substrate and substrate height.

From above Figure 6 and 7, one can conclude that ultra wide
band operation can obtain with etched ground, but radiation
pattern is not good which is shown in Figure 3(b). But with
inset feed the radiation pattern is good as shown in Figure
5(c). Figure 8 shows the compression of high &, ( FR4) with
1.6 mm shows good wide band characteristics than low &,
(RT duroide) . But very good narrow band operation can be
obtain with low &, (RT duroide) .

4.CONCLUSSION

From the above results, it is concluded that ultra-wideband
operation can be obtained for an elliptical patch antenna by
removing the ground blow the patch area. With this an omni
directional radiation pattern also obtained. By using inset fed
and high & an omni directional radiation pattern can be
obtain with small loss in bandwidth. The proposed antenna
can be operated from 1 GHz to beyond 10 GHz with the
etched ground, and a wide band of 2GHZ to 7.8GHz with an
inset feed of 3mm length. Further, this can be improved by
changing the width of inset feed and etching in the ground.
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