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ABSTRACT

A novel technique for obtaining a single-layer single-feed dual frequency rectangular microstrip antenna
with protruding semi ellipse for s-band communication is proposed and demonstrated. By protruding semi
ellipse of appropriate dimension close to one of the edge, the rectangular patch has been shown to realize
dual-frequency broadside radiations. This dual frequency operation increases its applications in radar and
space communications. The range of the frequency ratio (FR) can be varied from 1.03 to 1.30 by changing
the dimension of semi minor axis of protruding semi ellipse. Several optimizations are performed to attain
the optimum values of the antenna physical parameters and then a prototype is fabricated. The presented
antenna is compact having an area reduction greater than 15% and shows enhanced radiation characteristics
compared to the standard rectangular patch. Details of the antenna design and experimental results are

presented.
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1. INTRODUCTION

In radar and space communication applications
patch antennas have attracted much interest due to
their compactness and dual-frequency operation.
They are inexpensive to fabricate, light in weight,
and can be made conformable with planar and
nonplanar surfaces. Unfortunately, they have some
shortcomings, including relatively low gain, narrow
bandwidth, and sensitivity to fabrication errors [1-2].
Typically, dual-frequency operations have been
attained by multilayer stacked patches [3] and little
attention has been paid to single-layer microstrip
antennas [4]. The detailed inspection of double
frequency microstrip-antennas is given in literature.
By cutting a square slot at the centre of a rectangular
microstrip patch, both compactness and dual-
frequency operation can be achieved [5]. By loading
a pair of narrow slots parallel and close to the
radiating edges of a bow-tie patch dual-frequency
operation with tunable frequency-ratio can be
achieved [6].A circularly polarized, dual-frequency,
slotted square patch with probe feeding mechanism
is reported to operate as the telemetry, telecommand
and control (TT&C) antenna for satellite spacecrafts
at 2.25 GHz and 3.0 GHz [7]. A compact patch
design for circular polarization application based on

third iteration minkowski-like pre fractal geometry to
be used in dual band application was reported by Ali
Jalal [8]. Two short-circuited microstrip patch
antennas can radiate at dual frequencies was reported
by Roy and Thomos [9]. In present communication,
a new single-layer dual frequency patch antenna with
protruding semi ellipse is introduced. This protruding
semi ellipse significantly changes both the resonance
frequencies and radiation pattern of the patch.

2. DESIGN OF SINGLE PATCH
RECTANGULAR MICROSTRIP
ANTENNA
In first step single patch rectangular microstrip

antenna is designed and in next step a semi ellipse is

protruding on one of the edge of the patch. The
parameters for the design of rectangular microstrip
antenna are:

2.1. Frequency of operation (fo):

S-band is that part of the frequency spectrum
between 2GHz to 4GHz. Many satellites transmit
at S-band frequencies. The resonant frequency
selected for rectangular patch is 2.56 GHz which
lays in S-band. A novel design a rectangular
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microstrip patch antenna with protruding semi
ellipse is designed such that it may resonant at
two frequencies lies in S - band.

2.2. Selection of the substrates:

The FR4 glass epoxy substrate has dielectric
constant €, = 4.4 and thickness h =1.59 mm is
used for the simulation and fabrication of
antenna.

2.3. Theory:

The dimension of the antenna for a chosen
resonant frequency can be calculated using Cavity
Model (10). Element width is given by the
following equation:

c 2
2.fr.\/£0.yo . g +1

W=

Here fr = Resonant frequency,
€, = Relative dielectric constant

The length of the resonant element is given by —

-2.A41
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For a dielectric substrate of thickness h, an
antenna operating frequency of fr, and for an
effective radiator, a practical width W is:
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Using above equations a prototype of the
antenna was designed (fig. 1), and characteristics
are verified with theory and simulation results.
The antenna with the calculated dimension of 28
mm and 27 mm when printed on FR4 substrate ¢,
= 4.4 with substrate height h=1.59 mm resonates
at 2.56 GHz when coaxially fed at (x,, y,) to
excite the patch. An excellent return loss approx -
35 dB has been achieved at the resonant
frequency 2.56GHz (fig. 2).

Figure 1 Top View of the Patch

— WEWR
——Reflection Cofficient

Reflection Cofficient I¥SWH
. e s
[ B e |
—
—

Frequency [GHz)

Figure 2 Variation of reflection coefficient/VSWR
with Frequency

3. DESIGN OF RECTANGULAR PATCH
MICROSTRIP ANTENNA WITH
PROTRUDING SEMI ELLIPSE

The methods of designing dual frequency
antenna discussed in introduction have their own
merits and demerits. But the method used in this
paper for designing the dual frequency microstrip
antenna is easier in manufacture compared with
the ordinary methods, because it only has to do
some basic modification on the ordinary coplanar
microstrip-antenna to achieve the dual-frequency
property.

In this paper, an interesting phenomenon is
observed that by a simple amendment on the
regular coplanar microstrip antenna the new
antenna geometry can work with dual-frequency.
One of the resonant frequency is similar to the
frequency with conventional patch while the other
is originate due the alteration in geometry. The
radiation doesn’t change for first frequency but
get some improvement with new resonant
frequency. The radiation mechanism, design
procedure and experimental results of the dual
frequency geometry are presented in the
following section.

The structure consists of a rectangular patch
of length L = 28mm and width W = 27mm, with a
protruding ellipse of dimension semi major axis a
= 14mm and semi minor axis b = 3mm with its
origin at (x = 14 mm, y = 20 mm) etched on a
substrate of dielectric constant ¢ = 4.4 with
thickness 1.59 mm is shown in Figure 3. Since
there are no analytical models to solve the design
problems, a simulation tool (IE3D) is used to
solve all the cases in this paper .The IE3D
(Zeland Software) is an integrated full wave
electromagnetic simulation and optimization
package for the analysis and design of microstrip
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antennas based on method-of-moments is used to
solve the problems assigned to it (11).

Figure 3 (a) Top View of the proposed Patch

1

Dielectric substrate T — Radiating Patch

Ground plane
SMA Connector

Figure 3 (b) Side view of the antenna structure
with feed network

The antenna is coaxially fed to a 50 ohm
.system interfacing via a single coaxial SMA
female connector with radius 0.62mm at an
optimized feed location(x,= 19.6mm,y,=16.4mm)
to excite the patch. The measured and computed
variation of return loss for the proposed antenna
with frequency is shown in figure 4(a) and 4(b)
respectively.
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Figure 4 (a) Computed variation of return loss
for the proposed antenna with frequency
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Figure 4 (b) Measured variation of return loss for
the proposed antenna with frequency

The measured VSWR of this antenna for both
the resonant frequencies are close to unity as
shown in fig.5. This result confirms excellent
matching of this antenna geometry with the feed
network.
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Figure 5 Measured variation of VSWR for the
proposed antenna with frequency

The measured variation in input impedance
of antenna with frequency is shown in figure 6.
The input impedance at both the frequencies is
close to 50 ohm and reactive parts are also close
to desired values.
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Figure 6 Measured variation of input impedance
for the proposed antenna with frequency
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The directivity of antenna is significantly
large (around 6.5 dBi) and it is more or less
unaffected within the frequency range as shown
in Figure 7.
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Figure 7 Computed variation of total field
directivity for the proposed antenna with
frequency

The computed elevation radiation patterns for
both the frequencies are shown in figure 8(a) and
8(b) respectively. The patch antenna produces a
cardoid pattern, with good gain along on
boresight and dropping to 0 db. When mounted
on a ground plane this pattern is flattened out
producing less gain on boresight and more at
higher elevations a useful feature for Space
applications. The antenna gains of both
frequencies f; and f, in the broadside direction
(6 =0 are 1.12 dBi and 2.45 dBi, respectively.

—+— f=2.565(GHz), E-total, phi=0 {deg)
—a—] 1=2.565(GHz), E-total, phi=90 {deq}
0o

(180—q) ¥

0.0 4.0 -8.0.12.0 . -12.0.8.0 4.0 0.0

/ ¢
GEFQL,\R‘R____J"‘;Q%‘«
00
Elevation Pattern
Figure 8 (a) Computed elevation radiation

pattern for proposed geometry at frequency 2.565
GHz
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Figure 8 (b) Computed elevation radiation
pattern for proposed geometry at frequency 3.055
GHz

The computed azimuthal radiation pattern for
both the frequency is shown in fig. 9. The
azimuthal patterns at both the frequencies are
almost symmetric in nature.
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Figure 9 Computed azimuthal radiation pattern
for proposed geometry at frequencies 2.55 GHz
and 3.055 GHz
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Figure 10 (a) and 10 (b) shows the true 3D
radiation pattern at frequency 2.565GHz and

3.055GHz respectively.
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Figure 10 (a) Computed True 3D radiation
pattern for proposed geometry at 2.565 GHz
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Figure 10 (b) Computed True 3D radiation
pattern for proposed geometry at 3.055 GHz

The variation of return loss versus resonant
frequency with the variation in dimension of semi
minor axis of protruding semi ellipse ‘b’ is shown
in fig.(11).
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Figure 11 Computed variation of return loss
versus resonant frequency with the variation in
dimension of semi minor axis of protruding semi
ellipse

It is observed that first resonant frequency
shows no significant change whereas the second
resonant frequency decreases with increase in
dimension of semi minor axis of protruding semi
ellipse. At b =7 mm both the frequency merges to
give a relatively wider bandwidth 6.32% with
respect to center frequency which is twice of the
conventional patch of same dimension.

The variation in resonant frequency with
dimension of semi minor axis of protruding semi
ellipse is shown in fig (12). It is observed that
when dimension of semi minor axis of protruding
semi ellipse is 7 mm both the frequency merge.
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Figure 12 Resonant frequency versus dimension
of semi minor axis of protruding semi ellipse

Figure (13) shows the variation of frequency ratio
with dimension of semi minor axis of protruding
semi ellipse which indicates that frequency ratio
can be controlled by changing the dimension of
semi minor axis of protruding semi ellipse.
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Figure 13 Frequency ratio versus dimension of
semi minor axis of protruding semi ellipse

4. CONCLUSIONS

The proposed patch antenna is a rugged, low
cost, moderate gain antenna solution for Radar
and Space applications. It is compact, having an
area reduction of 15% and similar radiation
characteristics compared to the standard
rectangular patch accessible to small spacecraft.
This antenna resonates at two frequencies
2.565 GHz and 3.055 GHz in S band. This dual
frequency behavior increases its applications in
radar and satellite communications. The
frequency ratio (FR) can be varied from 1.03 to
1.30 by changing the dimension of semi minor
axis of protruding semi ellipse. Measured results
display exemplary accuracy with simulated
results thereby justifying the use of such
techniques for synthesis of single element as well
as antenna array structure for Radar and Satellite
Communication. Although the gain of the antenna
design is low, this is attributed to the loss tangent
of the FR4 substrate material, with higher gain
expected from the use of lower-loss substrate
materials.
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