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Abstract—This paper proposes a reconfigurable microstrip 
antenna with a tunable radiation beam. The design methodology 
uses two tunable size parasitic patches placed to the left and right 
of a probe-fed patch along its H-plane. Each parasitic patch is 
loaded with a lumped varactor as well as its biasing network, to 
effectively change its electrical size. Because the radiation 
beamwidth is controlled by the electrical size of the parasitic 
patches, electronic zooming is allowed by changing the 
capacitance value through the applied DC voltage. Both 
varactors are biased as unison, such that one DC control signal is 
required for the entire antenna. The antenna performance shows 
a dynamic control over the radiation beamwidth that ranges 
from 50� to 112� with capacitance tuning range of 0.5 pF to 2.5 
pF.  

I. INTRODUCTION 
Recently, wireless cellular networks (e.g. UMTS) demand 

antenna terminals with dynamic control over their radiation 
beamwidth to enhance the traffic capacity [1]. Such antenna 
systems are also beneficial for remote sensing from airborne 
surfaces and radar applications, where a radiation beam spot 
independent of the antenna altitude is desired. One way to 
enable this feature uses an antenna array fed with a switchable 
network, such that different numbers of elements are excited 
along the switching states, hence the directivity is controlled 
[2]. Other method uses switchable partial reflecting surface 
displaced over a source antenna to focus its radiation, 
depending on the reflectivity of that surface [3]. Recently, a 
switchable parasitic ring surrounding a patch antenna is used to 
modify the surface waves’ behavior, and hence changes the 
radiation beamwidth [4]. The previous methodologies however, 
don’t provide continuous tuning of the directivity (beamwidth), 
as they depend on switching mechanisms. They also require 
quite large volumes, which limit their practicality for compact 
wireless devices. Furthermore, they need many switches, which 
challenge the biasing circuits’ integration.  

In this paper, a reconfigurable microstrip antenna with a 
tunable beamwidth feature is proposed. The method is based on 
the placement of two tunable size parasitic patches to the left 
and right of a probe-fed patch along its H-plane. A varactor 
diode with a proper DC biasing network is added to each 
parasitic patch to allow for the tuning of its electrical size. 
Therefore, the effective aperture size of the entire antenna can 
be controlled and electronic tuning of the beamwidth is 

achieved by changing the applied DC voltage (capacitance 
value). Full wave simulations were conducted to perform the 
design at the selected 2.475 GHz operating frequency.    

II. OPERATIONAL PRINCIPLES 
The antenna geometry shown in Fig.1a consists of three square 
patches, printed on a substrate of �r = 2.2, and thickness h = 
3.175 mm. The center patch is excited with a probe feed, 
whereas the other patches are parasitic. The parasitic patches 
are of equal sizes. The substrate size is 200 x 100 mm, backed 
with a ground plane of the same size. As the parasitic patches 
are placed closely to the driven patch, mutual coupling occurs 
and electric currents are induced on the surface of the parasitic 
patches [5]. Because of the symmetry, these currents are equal 
but with different magnitude and phase from the driven patch 
surface current. Consequently, the entire antenna geometry 
represents a three-element array with symmetric even 
amplitude (α) and phase (β) distribution around the center 
driven patch. The size of the parasitic patches (Lr) determines 
the coupling strength and in turns the values of α/β distribution 
for the induced currents. Therefore, the radiation pattern in the 
H-plane (xz) changes with Lr as shown in Fig. 1b. 
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Figure 1. Probe-fed patch antenna with two parastic patches along the xz plane 
(H-plane): (a) geomtry; (b) radition patterns in the xz plane at different sizes Lr 
(mm) of the patastic patches at 2.475 GHz.  
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As can be seen, when Lr is very small (Lr ≤ 31 mm) the 
radiation beamwidth is similar to the driven patch one by itself 
without the parasitic patches. This is due to the weak coupling, 
where no energy is captured by the parasitic patches and hence 
they don’t contribute to the radiation. When Lr increases, the 
coupling becomes more significant, and the beam becomes 
more directed. When Lr is close to the driven patch size (38 
mm), unsurprisingly difference beam exists. This agrees with 
the array theory analysis for a three-element array with an even 
α/β distribution, which depicts a difference beam at some α/β 
values. On the other hand, broader beamwidth is achieved 
when Lr becomes larger than 38 mm. Then it is reducing 
gradually with the increase of Lr and tends to approach the 
primary case at which the coupling is weak again. In summary, 
starting from a very small Lr, the beamwidth reduces as long as 
Lr increases until difference beam exists. When Lr is larger than 
38 mm, broadside beam exists again with a broader beamwidth. 
The beam width reduces then by continuing the increase of Lr 
until it reaches the primary case. 

III. ANTENA DESIGN AND PERFORMANCE 
According to the above discussion, an electronic dynamic 

control over the radiation beam spot would be allowed, if a 
tuning mechanism to the parasitic patches size is introduced. 
Indeed a patch antenna with a capacitor loaded slot proposed in 
[6] effectively provides the fundamental mechanism for tuning 
its electrical size. The relation between the capacitance C 
versus the electrical size Lr is illustrated in [7]. Therefore, the 
parasitic patches in Fig. 1a are replaced with such antenna, and 
the proposed reconfigurable antenna with a tunable radiation 
beamwidth is constructed as shown in Fig. 2. The dimensions 
of all the patches are 38 x 38 mm, whereas the slot of each 
parasitic patch is 20 x 0.5 mm. Two varactor diodes of 
capacitances C are placed on each slot along with their biasing 
circuitry. To avoid DC shortage, each parasitic patch is divided 
at its center into two parts by narrow slits of 0.2 mm width. 
Two 68 nF capacitors are placed on each slit for RF continuity. 
For the RF/DC isolation, the top part of each parasitic patch is 
fed with a DC signal through a resistive thin film printed over 
the substrate as shown in the Fig. 2, whereas the bottom part is 
grounded using the same way. Since both varactors are biased 
simultaneously, one DC control signal is only required for the 
entire antenna.   

The change in the applied biasing voltage (capacitance 
value) allows for tuning the parasitic patches electrical size, 
hence the radiation beamwidth. The simulation results for the 
antenna radiation performance at different capacitances values 
are shown in Fig. 3. From the figure, the beamwidth changes 
from 50° to 112° as the capacitance increases from 0.5pF to 2 
pF. The directivity and realized gain values changes from 7 to 
9.6, and 6 to 8.6 dBi, respectively. In this antenna design, the 
radiation performance, including the bandwidth, is frequency 
dependent. It was found that the performance range is almost 
maintained within 2% (2.45 - 2.5 GHz) around the center 
frequency.  

IV. CONCLUSION 
A new type of reconfigurable microstrip antenna with 

tunable radiation beamwidth is proposed. The design 
methodology is to modify the antenna effective aperture 
through tunable size parasitic patches using a novel tuning 
mechanism. Two varactors with simple integrated biasing are 
used as tuning devices. The achieved beamwidth tuning range 
is 50◦ to 112◦, with capacitance range of 0.5 pF to 2 pF. Within 
the tuning range, the antenna gain changes from 6 to 8.6 dBi. 
The proposed antenna is compact and simple to integrate in  
practical applications. 

 
Figure 2. The geometry of the proposed reconfigurable antenna with an 
electronic tunable radiation beamwidth along with the biasing assemblies. 
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Figure 3. The radiation performance of the proposed tunable beamwidth 
antenna @ 2.475 GHz vs. capacitance value C: (a) radiation patterns; (b) 
directivity, realized gain, and beamwidth. 
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