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Abstract

In this paper, omnidirectional pattern reconfigurable
antenna is designed using key-shaped monopole
antennas. It consists of two identical key-shaped
monopoles with partial ground plane. The proposed
antenna provides pattern reconfigurability in the two
different planes YZ and XZ with the help of two PIN
diodes. The overall dimension of the proposed
antennas is 40x40x1.6 mm3. It covers the 10dB
impedance bandwidth of 64.32% (2.88 to 5.61 GHz),
which covers a wide range of applications.

Keywords— key-shaped monopole antenna, pattern
reconfigurable antenna, PIN diodes.

1. Introduction

In the growing era, reconfigurable antennas deal a great
attention. Reconfiguring the pattern of the antennas is the
best method to efficiently utilize the available spectrum.
A pattern reconfigurable antenna has attractive features
such as increased channel capacity, enhanced radiation
coverage, and beam sweeping capability for point-to-
multipoint communications  [1]-[5]. The pattern
reconfigurable antenna has the ability to change its
patterns dynamically without affecting the other
characteristics [6]. In addition, the reconfigurable pattern
antenna can also avoid the interference of noise
environment by directing null positions of its radiation
pattern which provides larger coverage by redirecting the
main beam [7].

In the literatures, various pattern reconfigurable antennas
using monopoles have been proposed [8]-[14] .In [8], four
beam pattern reconfigurable antennas were proposed in
which pattern reconfigurability was achieved by changing
the states of the four PIN diodes. The PIN diodes were
connected between the central patch and monopoles. It
has 10dB impedance bandwidth of 25.7% (3.32-4.3
GHz). In [9], monopole-like and bore sight pattern
reconfigurable antenna was proposed. The proposed
antenna was fed by the co-planar waveguide (CPW). By
changing the switching states of the diodes connected on
the monopole, it operated as slot antenna which gave
reconfigured radiation pattern by bore sight pattern to its
perpendicular direction.  In [10], radiation pattern
reconfigurable antenna using monopole loop for fitbit flex
wristband was proposed. In [11], explained the change of
radiation pattern of monopole antenna to pattern of dipole
antenna by controlling the switch states. In [12], with the
use of four diodes and two parasitic elements the radiation
pattern was reconfigured in omnidirectional pattern to two
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directional patterns with opposite directions. In [13],
microstrip fed pattern and polarization reconfigurable
compact truncated monopole antenna was presented. The
pattern was reconfigured with polarization in the
orthogonal planes. Asymmetric coplanar strip fed pattern
reconfigurable antenna was proposed in [14].

In this paper, orthogonally placed two key-shaped
monopoles for pattern reconfigurability are proposed. The
proposed antennas are connected with a common feed
through two PIN diodes. By controlling the switching
state of the PIN diodes, the omnidirectional patterns in the
two different planes XZ and YZ with gain of approximate
2.5dBi are achieved. This makes antenna structure more
simple and low in cost. The proposed antenna covers a
wide range of applications in the operating frequency
range. It covers IEE802.16 WiMAX (3.3-3.6GHz; 5.25-
5.82GHz), IEEE802.11a wide local area network (5.15-
5.35GHz) and ETSI HiperLan/2(5.15-5.35 GHz; 5.47-
5.725GHz).

2. Antenna Design and Analysis

2.1. Antenna configuration

The configuration of the proposed pattern reconfigurable
antenna is shown in Figure 1. It comprises of partial
square-shaped ground plane, two PIN diodes as switch,
and two key- shaped identical monopoles placed
orthogonal to each other at the top side of the dielectric
substrate which are connected to a common feed through
two PIN diode. The proposed antenna is designed using
1.6 mm thick FR-4 substrate having dielectric constant
4.4 and loss tangent 0.02. The overall size of the antenna
is 40x40 mm?. In the proposed antenna, two PIN diodes
are used to reconfigure the pattern in two different plane
YZ and XZ plane. The DC bias circuit is used to bias the

PIN diode. The pattern reconfigurability of is achieved by
changing the diode state as ON/OFF. It is noted that at a
time one diode is kept ON while other diode kept OFF.

2.2 Parametric Study

To optimize the antenna geometry, parametric study is
carried out using ANSYS HFSS (High Frequency
Structure Simulator) [15]. The square-shaped partial
ground plane is chosen to maintain the symmetry with
orthogonally placed microstripline fed monopoles. The
length (Lg) of the ground plane is optimized for the wider
impedance bandwidth by keeping other shape parameters



constant as given in Table 1. The variation of S;; with
frequency for different length of the ground plane is
plotted in Figure 2. It is observed that with the increase of
L, impedance bandwidth increases at certain length after
that it deteriorates. Various shape parameters of the
antenna is optimized by varying one parameter at a time
and keeping all other parameters at fixed value. The S; is
severely affected by varying W1, L4, and L6 of the
monopole which helps to decide the lower frequency of
the band as well as impedance bandwidth of the antenna.
The variation of S1; with frequency for different values of
W1, L4, and LS are plotted in Figure 3, 4, and 5
respectively. Since, other shape parameters do not affect
significantly therefore they are not shown here for brevity.
The optimisation shape parameters are shown in the Table
1.
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Figure 1. Configuration of the proposed antenna

Tablel. Dimensions of Antenna after optimization

Parameters Values Parameters Values
(mm) (mm)

L 40 L5 3

\\ 40 L4 3

Lg 20 L6 1

L1 5.1 W1 10

L2 8.3 W2 2

L3 3 W3 3
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Figure 2. Variation of S;; with frequency for different
lengths of the ground plane.
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Figure 3. Dependency of Si; on W1
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Figure 4. Dependency of Si; on centre patch
0

-10 \\‘

o = N
=-20 /o v
L] o! 4
Lol \Y&4
L] 1 ===—- L6 =1.5mm
-30 v ———16=1.0mm
ceseee 16=05mm
-40 1 5
Frequency (GHz)

Figure 5. Effect of notch present on monopole

3. Results and Discussion

After performing the parametric study, on various
parameters such as size of ground plane, length of
horizontal arm, centre patch etc., it is observed that the
optimized dimensions given in Table 1 gives 10dB
impedance bandwidth of 64.32% from 2.88 GHz to 5.61
GHz for both cases when diode D1 ON and D2 OFF and
vice versa. In both cases the antenna resonates at same
frequency band from 2.88 to 5.61 GHz.

Figure 6(i) and (ii) shows the current distribution at
frequency 3.44 GHz at both modes when only one diode
is ON and other remains OFF, respectively. It shows that
the when diode D1 is ON the maximum current is flowing
in the x-direction thus the radiation pattern covers the YZ
plane with null along the x-axis. Similarly due to same
structure present in the horizontal direction, when diode
D2 is ON the maximum current is flowing in the y-
direction thus the radiation pattern covers the XZ-plane
with null along the y-axis.
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Figure 6(i). Current distribution at frequency 3.44 GHz
when diode D1 is ON and D2 is OFF.
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Figure 6 (ii) .Current distributions at frequency 3.44 GHz
when diode D2 is ON and D2 is OFF

Figure 7 (i) to (iii) shows that the 3-D radiation patterns
of the proposed antenna at 3.5 GHz, 4.13 GHz, and 5.04
GHz, respectively for two different switching states of the
diode. It is observed that the monopole antenna gives the
omnidirectional patterns throughout the frequency band. It
is also observed that by changing the switching states of
diode D1 and D2 alternately, the radiation pattern of the
proposed antenna changes from YZ- plane to XZ- plane.
This shows that after changing the switching states of D1
and D2 the direction of radiation patterns is changing with
approximate same gain.
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Figure 7. 3-D radiation patterns of the proposed antenna.

4. Conclusion

In this paper, two identical key-shaped monopole patterns
reconfigurable antennas are presented. It reconfigured the
radiation pattern in XZ- and YZ-planes. The antenna
covers wide band of frequency 2.88 to 5.64 GHz having
10dB impedance bandwidth of 64.32%.
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