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Abstract- A novel frequency, pattern and 
polarization reconfigurable microstrip patch 
antenna is presented. The reconfigurable antenna 
is controlled mechanically using stepper motor 
integrated behind the antenna. The antenna 
performance characteristics are verified through 
simulations and measurements. The proposed 
antenna provides a flexible radio front-end for 
smart radio base stations and emerging wireless 
applications such as cognitive radio.  

I. INTRODUCTION 

The significant expansions in the field of 
communication engineering and the growing end 
user requirements have amplified the need for 
multi-functional wireless communication 
systems. Reconfigurable antennas can be used to 
reduce the number of antennas in base stations or 
integrated antennas in consumer electronic 
devices.  Reconfigurable antennas have recently 
received a substantial increase in interests from 
both academic and industrial groups and 
establishments due to their attractive 
characteristics in advanced and novel 
applications such as Cognitive Radio (CR). 
Reconfigurable antennas are distinguished from 
their conventional counter-parts by the fact that 
they can change their operation parameters (such 
as frequency, patterns or polarization) upon 
request or feedback from a special control 
mechanism [1].  

Unlike current conventional communication 
systems, future wireless communication systems 
(e.g., Cognitive Radio and smart WLAN) will 
benefit most from flexible radio front-ends 
(flexibility in terms of operation and performance 
parameters). Taking for example the main 
motivation behind Cognitive Radio (CR) 

systems, some frequency bands in the spectrum 
are heavily used while there are still some, at a 
specific geographical location or at a certain 
time, largely unoccupied. Hence reconfigurable 
antennas will allow CR to change its operational 
frequency according to spectrum availability and 
also user demands from link quality and data rate 
prospective. 

Reconfigurable antennas can fit into four 
different categories, namely frequency 
reconfigurable, pattern reconfigurable, 
polarization reconfigurable and any combination 
of these categories. Common reconfiguration 
techniques are centered upon switching 
mechanisms such as p–i–n diodes [1, 2], FET 
switches [3] and RF MEMS switches [4]. Using 
these electronic switches has many drawbacks 
such as: 1) higher dc power consumption while 
controlling the antenna, 2) high RF losses in 
switches that affect the antenna gain and 
efficiency and 3) the presence of metallic dc bias 
lines that alter the antenna's radiation patterns. 

Other techniques of reconfiguration such as the 
incorporation of varactors have been introduced 
in [5]. This method can offer fast switching and 
continuous tuning of the antenna frequency but 
the varactors have many non-linearity issues that 
affect real communication systems.  

The most distinguishing feature of the proposed 
antenna design in this paper is that it presents a 
multiple degree of freedom in reconfiguring a 
narrowband microstrip patch antenna, which was 
not previously presented to be deployed in future 
wireless communication applications such as CR. 
The antenna can switch its operating frequency 
from 2.4 GHz to 5.8 GHz. The antenna can also 
change its pattern from broadside to end fire  
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Fig.1.  Reconfiguration  modes of the proposed 
antenna:( a) Mode A, (b) Mode B, (c) Mode C, (d) 
Mode D, (e) The ground plane for all patches. 

pattern. Finally the antenna can alter its 
polarization from linear to circular. The rest of 
the paper is organized as follows. In Section 2, 
the antenna operation principle is presented. In 
Sections 3 and 4, we demonstrate the numerical 
and experimental analysis of the antenna 

performance and their outcomes. Finally, 
conclusions are drawn in Section 5. 

II. ANTENNA STRUCTURE

The antenna was printed on 160 mm×160 mm 
substrate. The RF substrate is an FR4 with 
thickness of 1.52 mm and loss tangent 0f 0.02. 
The whole structure was achieved by individually 
designing separate patch for each mode of 
operation, then these antenna patches were placed 
on a circular disk cut from the square substrate 
and a stepper motor was placed behind the 
rotatable circular disk.  Placing the motor behind 
the antenna reduces the interaction between the 
antenna patterns and the stepper motor. 
Moreover, there is no need for electronic 
switches and their associated bias lines for the 
activation/deactivation of the reconfiguarion 
switches.  

CST [6], a program which offers accurate, 
efficient computational solutions for 
electromagnetic design and analysis has been 
used to simulate the proposed reconfigurable 
antenna.   

III. SIMULATION RESULTS

A. Mode A 

Stepper motor movement and direction are 
changed by using PIC microcontroller 16f877a 
from Microchip [7]. The proposed reconfigurable 
antenna works at different modes as illustrated in 
Fig.1, the stepper motor will rotate 90 degrees to 
choose a different patch for each mode. The 
chosen patch will be connected to a fixed main 
feed line as illustrated in Fig. 1. In Mode A the 
antenna is a rectangular patch with inset fed 
microstrip line as shown in Fig. 2. Patch 
dimensions were obtained using the following 
equations: 
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Where W is the width of the patch, L is the 
length of the patch, Ere𝑓𝑓𝑓𝑓 is effective dielectric 
constant and υ0 is the speed of light. 

Fig.2.        Patch Antenna of Mode A, L=28.5 mm, 
W=37 mm, L’=33.25 mm, W’=1 mm, L’’=9 mm, 
M=3 mm. 

So that the antenna is resonating at 2.45 GHz and 
the following results were obtained: 

• Return Loss

At the resonance frequency of 2.45 GHz, the 
return loss is -22 dB and the 10 dB bandwidth is 
58 MHz (from 2.4 to 2.458 GHz) 

Fig.3.  The simulated return loss for the proposed 
antenna while working in Mode A. 

• Radiation Patterns and Gain

Fig.4 shows that the antenna exhibits broadside 
directional radiation pattern at 2.45 GHz with a 
peak gain of 4.45 dBi and the total efficiency is 
(ηt=56%). 

Fig.4.  Simulated radiation pattern  in the xz plane at 
2.45 GHz   for Mode A patch. 

B. Mode B 

This patch is a rectangular patch with inset fed 
microstrip line, the dimensions of the patch 
(shown in Fig.5) were chosen so that the antenna 
resonates at 5.8 GHz. 
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Fig.5.  5.8 GHz Microstrip Patch Antenna Mode B, 
L=11.9 mm, W=12.45 mm, L’=9.93 mm, W’=3.2 
mm, L’’=4.38 mm, M=3 mm, W’=0.5 mm. 

• Return Loss

The antenna resonates at 5.8 GHz. The simulated 
return loss is -18 dB and the 10 dB bandwidth is 
224 MHz (from 5.759 to 5.983 GHZ) as shown 
in Fig.6. 

Fig.6.  The simulated return loss for the proposed 
antenna while working in Mode B. 

• Radiation Patterns and Gain
 Fig.7 shows that the antenna in Mode B exhibits 
broadside directional radiation pattern  at 5.8 GHz 
with a peak  gain of 2.21 dBi  and a total efficiency 
(ηt=51%). 

Fig.7.  Simulated radiation patterns  in the xz plane 
at 5.8 GHz  forGHz for Mode B patch 

C.  Mode C 

In Mode C the antenna is a rectangular loop 
patch with a parasitic fed microstrip line as 
shown in Fig.8. Patch dimensions were chosen so 
that the antenna is resonating at 2.45 GHz and 
Square slot (14 mm × 14 mm) was etched from 
the patch to obtain circular polarization. 

Fig. 8.  Patch antenna of Mode C, L=21.3 mm, 
W=21.3 mm, L’=23.34 mm, L’’=14 mm, W’=14 mm, 
G=0.5 mm, M=3 mm. 
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• Return Loss

Fig. 9 shows that the antenna has a resonance 
frequency of 2.45 GHz, with a return loss of -
17dB and the absolute 10 dB bandwidth is 70 
MHz (from 2.406 to 2.476 GHZ). 

Fig.9.  The simulated return loss for the proposed 
antenna while working in Mode C.  

• Radiation Patterns and gain

In Mode C the antenna has left handed circular 
polarization with a gain of 1.44 dBi at 2.45 GHz. 
The total efficiency is 55%, and the polarization 
is left hand circular polarization as shown in 
Fig.10a. 

Fig.10.  Simulated radiation patterns at 2.45GHz of 
Mode C patch, (a) Left –hand polarization, (b) Right-
hand polarization. 

D.  Mode D 

In Mode D the antenna is a rectangular inset fed 
patch with a parasitic reflector as shown in 
Fig.11. Patch dimensions were chosen so that the 
antenna is resonating at 5.8 GHz and a  
rectangular parasitic reflector was used to steer 
the patterns of the patch. 

Fig.11. Patch antenna of Mode D, L=11.9 mm, 
W=12.45 mm, W1=6.5 mm, w’=3.2 mm, L’=4.38 mm 

• Return Loss

The antenna resonates at 5.8 GHz. The simulated 
return loss is -13.5 dB and the 10 dB bandwidth 
is 288 MHz (from 5.556 to 5.844 GHZ) as shown 
in Fig.12 

Fig.12.  The simulated return loss for the proposed 
antenna while working in Mode D. 
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• Radiation Patterns and Gain

A Fig. 13 show that the antenna has a 
directional radiation pattern with a peak gain is 
2.96 dBi, the direction of pattern is tilted by 90 
degrees compared to the patterns of Mode B 
and the total efficiency is 57%. 

Fig.13.   Radiation pattern in the xz plane at 5.8 GHz 
of  Mode D patch. 

IV. EXPERMENTAL TEST

After simulating the antenna, the simulation 
results have to be compared to measurement 
ones. A prototype of the reconfigurable antenna 
was made as shown in Fig. 14. Unfortunately, all 
Palestinian universities lack the essential 
facilities to measure basic antenna characteristics 
(e.g. vector network analyzer and anechoic 
chambers).      Therefore to assert the simulation 
results, we ran the same design simulations 
through a different EM simulator and we used 
(HFSS) [8] which uses different computational 
techniques than CST. HFSS is based on Finite 
Element Method (FEM). The obtained return loss 
and radiation pattern characteristics matched 
those obtained from CST.  

From the available resources we have, the 
proposed antenna was tested using a 802.11 a/b/g 
router. The antenna was connected to the router 
and we observed the received signal by a laptop 
equipped with a WLAN card and an integrated 

WLAN antenna. The measurement was carried 
out in a typical indoor environment in the 
engineering lab of Al-Azhar University. Mode A 
and Mode B transmissions were received on the 
laptop which proves that the transmitting antenna 
is working fine. Mode D operation showed better 
reception when the user was moving at different 
locations compared to mode B, this proves that 
the pattern diversity can improve reception at 
specific locations. The results of Mode D follow 
the same trend obtained by the authors of [9] 

Mode C was not tested because the antenna in the 
receiving laptop is linearly polarized.  In [10] it 
was concluded that   to take advantage of circular 
polarization to combat multipath interference 
effects in WLAN environments, both the 
transmitter and receiver   have to be equipped 
with CP antennas.  Mode C and D benefits 
should be investigated further using real time 
channel measurements and software defined 
radio devices such as USRP2[11].  

Fig. 14(a) The fabricated antenna. 
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Fig. 14(b) Back view of the antenna. 

Fig. 14(c) Motor and control unit components. 

V. CONCLUSION 

A novel design for a compact frequency, pattern 
and polarisation reconfigurable patch antenna is 

presented. The reconfiguration method is 
mechanical.  The antenna is frequency 
reconfigurable to limit the impact of out-of-band 
interferers or mitigate jamming of a specific 
frequency (e.g. switching from 2.4 GHZ to 5.8 
GHz). Moreover, it provides basic pattern 
reconfiguration (changing maximum beam 
radiation orientation) to enhance communication 
link performance by sensing interferers in the 
space domain and achieving pattern diversity to 
mitigate fading and increase signal-to-noise ratio 
(SNR). Another feature of the proposed antenna 
is that its polarisation is reconfigurable at specific 
frequencies to generate circular polarized (CP) 
radiation; this can improve the signal reception in 
multipath fading environments regardless of the 
orientations of the portable radio devices. 

Antenna engineers and researchers can apply the 
proposed design to other frequency bands or 
applications by increasing the number of printed 
patches or by changing the types of the patches 
on the proposed antenna.  
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