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Abstract—Ultra-wideband antennas covering the frequency
range of 3.1-10.6 GHz. have been reported extensively in the
literature. Considering tactical band of 6-18GHz is important to
cover the band of Communications, Radar and EW
applications, Vivaldi radiators have been widely used for this
purpose. The Vivaldi antenna is essentially a 3-dimensional
antenna and there is a need for a planar printed unidirectional
antenna covering 6-18GHz. In this paper, the ultra-wide band
antenna design methodology has been adopted and an attempt
has been made to cover the frequency range of 6-18GHz. Two
types of antennas have been designed, analyzed and
implemented, namely the bidirectional and the unidirectional
ones. In simulations, the bi-directional antenna has yielded a
VSWR of less than 2.1 over 2-18GHz. Both the antennas showed
satisfactory radiation patterns. The antennas have been
evaluated in measurements over 6-18GHz. The unidirectional
antenna however has yielded satisfactory radiation patterns
over 6-15GHz only. These antennas have been designed using
HFSS simulations and implemented in hardware. The practical
patterns in both cases are reported.

Square patch is fed by a micro strip line, and the patch is
simulated with a substrate RT Duroid 5880 with εr =2.2 and
thickness of 1.6 mm. It is loaded with a wide square slot to
enhance the bandwidth. Extensive simulations have been
made to optimize the slot dimensions. To match to the micro
strip line, the step height and width are adjusted to yield a
maximum bandwidth that can be obtained with this variation.
Parasitic elements are known to enhance the bandwidth [10]
and the rectangular parasitic strip is introduced on the back
top-side of the substrate centrally in the simulations. This is
an electromagnetically coupled parasitic element. The strip
length and width are varied and optimized to give a VSWR
of less than 2.1 over 2-18 GHz in simulations. The
dimensions that have been varied are as shown in Figure 1
and Table 1.

Index Terms—UWB; Printed Antennas; Communications;
EW Antennas; HFSS.

I. INTRODUCTION
Ultra-wideband antennas have been widely reported in
literature [1-4]. Wide slot antennas have been used to extend
the frequency coverage [5-8]. Diamond slot antenna covering
the frequency range of 3.28- 19.64 GHz is one such antenna
that has been reported earlier [9] and has been taken as a
reference antenna. Simulated radiation patterns reported in
this paper are over 3-9 GHz only. A VSWR of less than 2.0
has been reported over 4.7 GHz to 18.68 GHz. The stepped
line matching technique reported in the above reference
papers has been adopted in our design to demonstrate the
affect of matching the antenna to the micro strip line feed.
In this paper, the micro strip fed square slot loaded antenna
has been designed and analyzed through HFSS simulations.
The stepped matching is found to be inadequate for obtaining
the aimed coverage of 2-18 GHz. Hence, an additional
parasitic electromagnetically coupled strip has been
introduced at the top of the square patch at the back of the
substrate to improve the impedance matching over 2-18 GHz.
Using the same methodology, a unidirectional antenna has
also been designed, analyzed and implemented in hardware
keeping in view the communications, radar and EW
applications.
II. BIDIRECTIONAL ANTENNA
The bidirectional antenna is as shown in Figure 1. The

Figure 1: Sketch of the bidirectional antenna
Table 1
Dimensions of the antenna
Symbol
A1
a2
a3
a4
a5
a6
a7

Dimensions
(mm)
21
37.5
14.5
7.0
6.0
6.0
1.5

Symbol
a8
a9
a10
a11
a12
a13
a14

Dimensions
(mm)
1.0
2.7
10.8
9.1
2.7
8.5
0.2

III. UNIDIRECTIONAL ANTENNA
A unidirectional antenna has been designed as a derivative
of the above bidirectional antenna. The bidirectional antenna
has been modified with an absorber (Abs), which is backed
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by a ground plane (gp) as shown in Figure 2. The absorber
thickness is 20 mm. This antenna has yielded a VSWR of less
than 1.75 over 2-18 GHz in the simulations. The simulated
and measured radiation patterns are satisfactory.

Figure 5: VSWR of unidirectional antenna

V. MEASURED RESULTS

Figure 2: Sketch of the unidirectional antenna

Using the optimized dimensions as shown in Table 1, the
antenna is fabricated with a substrate of 5880 which is
laminated with εr =2.2 and thickness 1.6 mm. The photo of
the antenna is as shown in Figure 3.

The measured VSWR plot of the bi-directional and
unidirectional antennas are as shown in Figure 6 and 7. In the
bi-directional case, the VSWR is less than 2.0 over 6-18 GHz,
with the exception when the band is between 10.6 GHz to
13.4 GHz, the VSWR goes up to 3.0. However, the
unidirectional antenna has a VSWR of less than 2.0 over the
entire band.
The patterns of the bidirectional and unidirectional
antennas are measured over 6-18 GHz only and are as shown
in Figure 6 and 7 respectively. The radiation patterns are
satisfactory.

IV. SIMULATED RESULTS
Both the antennas have been simulated using ANSYS
HFSS software. The VSWR plot of both the antennas is as
shown in Figure 4 and 5. It can be seen that the VSWR is less
than 2.1 obtained over 2-18 GHz. for the bidirectional
antenna.

Figure 6: Bi-directional VSWR plot

Figure 3: Photograph of the unidirectional antenna

Figure 7: Unidirectional VSWR plot

Figure 4: VSWR of bidirectional antenna
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The measured radiation patterns of the bi-directional
antenna are as shown in Figure 8 and the unidirectional
patterns are as shown in Figure 9. The radiation patterns are
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quite satisfactory. The unidirectional antenna has yielded a
minimum front to back ratio of 12 dB over the band. The H
plane patterns are given in solid line and the E plane patterns
are given in the chained line.
The gain plot of the unidirectional antenna is as shown in
Figure 10. The top curve represents the simulations and the
bottom curve shows the measurement.
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Figure 9: Radiation patterns (Unidirectional)
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Figure 8: Radiation patterns (Bi-directional)

Figure 10: Frequency versus Gain of unidirectional antenna
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VI. CONCLUSION
A wide band antenna has been designed and analyzed using
HFSS simulations and implemented in the hardware. Two
variants of the antenna have been designed, namely the bidirectional and the unidirectional antennas. In simulations,
.the bidirectional antenna has yielded a VSWR of less than
2.1 over 2-18 GHz. A measured VSWR of less than 2.0 over
the band of 6-18 GHz excepting over 10.6 to 1.4 GHz in
which the VSWR goes up to 3.0 has been obtained. The
unidirectional antenna however has yielded a VSWR of less
than 1.75 over the band. A measured VSWR of less than 2.0
has been obtained. In the unidirectional case, a minimum
front to back ratio of 12 dB is achieved over the band. The
antennas can be applied in communications, radar and EW.
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