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ABSTRACT

The design and development of a switched beam antenna at 2.45 GHz
industrial, scientific and medical band for wireless sensor network
applications is presented in this paper. The antenna is capable of
switching the beam pattern in directions such as in the boresight
direction 0°, ±63° and as a bidirectional endfire radiator (±85°). The
directive gain of the antenna is 3.9, 5.8 and 5.8 dBi in respect to those
angles. The shift in the resonance frequency is found to be negligible
irrespective of the direction of the switched beam. The realized gain of
the proposed antenna in the steering direction is found to be better
than a standard microstrip patch antenna on the same size of the
substrate and ground plane. The antenna was designed and optimized
through simulations using CST microwave studio and the prototype
was experimentally tested using R&S ZVB8 network analyser.
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Introduction
Wireless sensor networks (WSN) consist of small, low power energy constrained devices used
to monitor physical or environmental conditions. WSNs have applications in a vast range of
different domains, scenarios and disciplines. These include health care, industrial, environmental monitoring and structural health monitoring as mentioned by Sohraby et al. [1]. One
of the challenges facing the development and adoption of WSN is achieving energy efficient
wireless communications which is also robust and resilient. Being low cost and battery powered, wireless sensors have limited resources, which must be used optimally. Energy efficiency represents one of the important objectives in the WSN context. The main issue with
WSN nodes is the limited lifetime of the battery. As nodes are often placed in impractical or
inaccessible locations, it can be inconvenient or time consuming to replace the batteries, so
a long battery lifetime is desirable.
The integration of WSN nodes with switched beam antenna has become more appealing
due to the possibility of extending the life time of the sensor nodes by minimizing power
consumed during transmissions. In a highly scattering environment, it is often preferred to
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have an antenna that can direct the beam to the desired target area while suppressing the
unwanted beam in other directions. Therefore, multipath propagation fading can be mitigated and the spectral efficiency can be improved such that higher rate of information can
be transmitted in a given bandwidth. WSN nodes are usually equipped with omnidirectional
antennas such as monopole and dipole antennas, consequently only the portion of total
radiated power directed at the receive node is effectively used, whereas rest of the power
is wasted. Therefore a node with a switched beam antenna could reconfigure the antenna
radiation pattern to direct the beam towards the desired node. Directional antennas that
can change patterns according to the location of the target sensors provides improvements
over omnidirectional antennas in terms of the energy consumption, sensitivity of the receiver,
and propagation range in WSN environments. Directive antennas integrated into WSN nodes
in order to reduce energy consumption and extend node life have not been exhaustively
explored yet. Some of the published work includes a reconfigurable antenna for WSN sink
nodes capable of switching the beam from a conical pattern to a front-directional pattern
as described by Hwang et al. [2]. However, the size of the antenna is large and presents no
radiating beams in the azimuth direction. Giorgetti et al. [3] has developed a four patch
antenna, arranged on a cube-like shape, which directs the beam in the azimuth plane.
However, the size of the structure is too large for its integration into WSN nodes.
Pattern reconfigurable antennas based on the Yagi-Uda principle have recently been
addressed by many researchers. Some of the antenna designs based on this concept include
a parasitic planar patch antenna capable of multi-directional pattern reconfiguration as
mentioned by Jusoh et al. [4]. The antenna structure consists of a driven element surrounded
by four parasitic elements that act either as reflector(s) or director(s) depending on the
switching arrangement. Beam reconfiguration is achieved by using four PIN diode switches.
Raman et al. [5] has developed a gain enhanced planar Yagi-Uda antenna with pattern reconfiguration. The antenna offers three different states: two directional radiation patterns each
in 20° and 170° and one omnidirectional radiation pattern. The pattern reconfiguration is
achieved by alternately switching the driven and the reflector elements. A pattern reconfigurable microstrip parasitic array is reported by Zhang et al. [6]. The maximum radiation
pattern tilt reported is 35°.
In this paper, we have applied the principle of Yagi-Uda antenna for pattern reconfiguration. A microstrip patch antenna as the radiator with parasitic elements on each side acts as
the reflector or the director depending on the ON/OFF states of the switches.

Antenna design
The geometry of the proposed antenna with integration of diode and bias circuit is shown
in Figure 1. The antenna is fabricated on a double sided substrate of dielectric constant 4.3,
tan δ 0.025 and thickness 1.6 mm. The metallisation on the substrate is copper having an
electrical conductivity of 5.96e + 007 (S/m) and ρ = 8930 (kg/m3). An inset fed microstrip
patch antenna of dimensions 0.49λg × 0.42λg is fabricated on one side of the substrate of
dimension 1.02λg × 1.36λg and the other side a ground plane of dimensions 1.02λg × 0.54λg,
where λg is the guided wavelength at 2.45 GHz. The width of the microstrip line was chosen
to be 3 mm for 50 Ω impedance matching and the inset feeding was chosen to provide
physical symmetry for the structure. This assures the pattern reconfigurability in a more
uniform way throughout the azimuthal or elevation plane. Two parasitic elements on either

JOURNAL OF ELECTROMAGNETIC WAVES AND APPLICATIONS 

3

(a)
back view

Front view
(b)
Figure 1. (a) Geometry of the proposed antenna with integrated p-i-n diode switches, (b) Photograph
of the fabricated antenna without diodes (W1 = 25 mm, L1 = LF = LR = 29.2 mm, W = 80 mm, L = 60 mm,
W2 = 32 mm, gL = 19 mm, L2 = 2 mm, h = 1.6 mm, εr = 4.3).

side of the microstrip patch antenna act as the director or the reflector depending on the
nature of ON/OFF states of the switches. The parasitic elements are approximately at a distance of λg/2 from the driven element which is optimized through simulations for achieving
the best performance. Beam switching is carried out using the four switches SW1, SW2, SW3
and SW4. For proof of concept metallic strips were used instead of switches. The photograph
of the fabricated antenna is shown in Figure 1(b). The simulation and optimization of the
antenna were performed using CST Microwave Studio. The simulation results are verified
using R&S vector network analyser. For electronic beam switching metallic stripes were
replaced with p-i-n diode switches. The p-i-n diode used is MA4AGBLP912, which has a
forward resistance of 4 Ω in the ON state and a capacitance of 0.026 pF in the OFF state. RF
inductors of 100 nH are used for isolation between the reflector (director) and the bias line.
The inductor blocks the high frequency currents. A series resistance of 120 Ω is used to limit
the current flow through the diode considering a bias voltage of 3.3 V. The diode placement
and its bias network are as shown in Figure 1. The p-i-n diode switching states can be controlled using microcontroller. In CST simulation the p-i-n diode was modelled as a 4 Ω resistor
in the forward bias condition and as 0.026 pF capacitor in the reverse bias state.

Results and discussions
Figure 2(a) shows the simulated and measured reflection coefficient of the antenna for the
different switching states without diodes and Figure 2(b) shows the effect of the diodes on
the resonance frequency of the antenna. It is found that the shift in resonance frequency of
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Figure 2. Reflection coefficient of the antenna for different ON/OFF switching states. (a) Simulated and
measured without diodes, (b) Simulated with and without diodes.

the antenna due to the presence of diodes is minimal irrespective of it’s switching states.
Figure 3 shows the simulated surface current distribution of the antenna at 2.45 GHz. When
the switches SWL (SW1 + SW2) and SWR (SW3 + SW4) are in the OFF state, the antenna beam
is directed towards the boresight direction as shown in Figure 4. The realized gain of the
antenna in the same plane is found to be 0.7 dB. The directivity gain and efficiency of the
antenna in this mode is 3.9 dBi and 47%, respectively. Whereas, the realized gain of a standard
microstrip patch antenna fabricated on the same size of the substrate and ground plane
with same material properties is found to be 3 dB. When both SWL and SWR are in the ON
state, the total length of the parasitic element becomes 0.66λg (LF + 2L2 + 2d) and gives a
bidirectional endfire type of radiation pattern with the beams directed at an angle of ±85°.

JOURNAL OF ELECTROMAGNETIC WAVES AND APPLICATIONS 

5

Figure 3. Simulated surface current distribution at 2.45 GHz depicting the action of parasitic elements
as director, reflectors and passive parasites with respect to switching conditions. (a) SWL = SWR = OFF
(b) SWL = SWR = ON (c) SWL = ON, SWR = OFF (d) SWL = OFF, SWR = ON.

The realized gain of the antenna in the same plane is found to be 0.6 dB. The directivity gain
of the antenna for this configuration is 5.8 dBi and the efficiency of the antenna is 30%.
Whereas, the realized gain of a standard microstrip patch antenna fabricated on the same
size of the substrate and ground plane with same material properties is found to be −1 dB.
When the switches SWL is ON and SWR is in the OFF state, the main beam is tilted towards +63°.
In this case the parasitic element to the left of the driven element acts as the reflector and
the parasitic element to the right of the patch antenna acts as the director. The realized gain
of the antenna in the same plane is found to be 1.9 dB. The directivity gain of the antenna
in this mode is 5.8 dBi and the efficiency of the antenna is 41%. Whereas, the realized gain
of a standard microstrip patch antenna fabricated on the same size of the substrate and
ground plane with same material properties is found to be 0.55 dB. When the diodes SWL is
in the OFF state and SWR is in the ON state, the antenna beam switches to −63°. In this state
the parasitic element to the right of the patch antenna acts as the reflector and the parasitic
element to the left of the patch antenna act as the director.
The effect on change in gap length, gL between the driven element and the parasitic
elements for the configurations SWL = ON, SWR = OFF and SWL = SWR = ON is depicted in
Figure 5. It is observed that as the separation distance between the parasitic elements and
the driven element is increased beyond λg/2, the beam is found to tilt towards the boresight
direction. The variation in the directive gain of the antenna with respect to the change in
gap length for different switching has very little effect and is depicted in Figure 6.
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Figure 4. Simulated radiation pattern of the antenna for different switching conditions (x–z plane).

Figure 5. Variation in beam switching angles with gap length (gL) for the ON/OFF switching states.

The variation in switched beam angle with ground plane width (W2) for the switching
conditions SWL = ON, SWR = OFF and SWL = SWR = ON is shown in Figure 7. It is observed
that with increase in the ground plane width (W2), the beam tilt angle is reduced, the beam
is narrowed and hence the directive gain of the antenna is improved. When the width of the
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Figure 6. Variation of gap length vs. directive gain of the antenna for different switching states.

Figure 7. Variation of ground plane dimension (W2) vs. beam tilt.

ground plane is increased to 60 mm, the beam is almost directed towards the boresight (0°)
direction irrespective of the switching states. Figure 8(a) and (b) shows simulated and measured coupling performances at 2.4 5 GHz of two identical antennas placed at a separation
distance of 30 cm respectively. Figure 8(c) shows the coupling results of the antenna with
the diodes included in the simulations. In all these cases, the maximum coupling is observed
when all the switches on both the antennas are in the ON state and minimum coupling is
observed when all the switches are in the OFF state. From the observations it can be concluded that the results shows in Figures 3 and 4 are in good agreement with the results
depicted in Figure 8.
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Figure 8. Coupling effect of the antenna for different switching states. (a) Simulated without diodes
(b) Measured without diodes (c) Simulated with diodes.
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Conclusions
The development of a pattern reconfigurable antenna at 2.45 GHz ISM band for WSN application is presented. The proposed antenna is capable of steering the beam towards boresight
(0°), ±63° and ±85° with a directivity gain of 3.9, 5.8 and 5.8 dBi, respectively. The realized
gain of the proposed antenna in the steering direction is found to be better than a standard
microstrip patch antenna on the same size of the substrate and ground plane. The resonance
frequency of the antenna remains with 2.45 GHz ISM band irrespective of the direction of
the switched beam.
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