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Abstract: This paper proposes an approach for designing 

a Beam steering Reconfigurable Circular patch antenna.| 

The multifunctional reconfigurable antenna has been 

designed with the  integrated PIN diode switches to 

circular patch that enable the beam to be steered in the 

desired direction. This has been done by changing switch 

states to either on or off mode. The proposed antenna 

operates at 2.38 GHz for Wireless Interoperability for 

Microwave Access(Wi-MAX) applications. In this paper 

a comparison has been done between two structures i.e 

reconfigurable antenna with 4 parasitic elements and 

with 8 parasitic elements. Multifunctional reconfigurable 

antenna (MRA) with 4 parasitic elements capable of 

operating in nine different beam directions from ϴ= -22
o
 

to +25º. A driven element which is surrounded by 8  

parasitic elements act either as reflector or director 

based on the switch arrangement. Beam reconfiguration 

is achieved by varying the positions of the switches by 

this, the antenna structure can direct the beam into 13 

different directions varying from ϴ= - 45º to +48º and 

also with increased gain. 

Key Terms—Beam reconfiguration, PIN diode 

switches. 

 

INTRODUCTION 

Radiation pattern reconfigurability is based on the 

intentional modification of the spherical distribution 

of radiation pattern. Beam steering is the most 

extended application and consists in steering the 

direction of maximum radiation to maximize the 

antenna gain in a link with mobile devices. Pattern 

reconfigurable antennas are usually designed using 

movable/rotatable structures or including switchable 

and reactively-loaded parasitic elements. 

The Reconfigurable antenna can be defined as an 

antenna where various electrical and mechanical 

characteristics of the antenna, such as radiation 

patterns, directivities, polarizations and resonant 

frequencies can be by electrically and mechanically 

controlled to improve the overall system 

performance[1]. Reconfigurable antennas with 

adjusting beams are demanded in the wireless 

communication systems such as small base stations. 

Adjusting beam antenna can offer pattern diversity, 

which results in improving signal to noise ratio and 

the capacity of the wireless communication 

systems. The  recent trends moves towards the use 

of electrical switches since they provide long life 

time, easy design, low loss, and flexible pattern 

expansion. Also, as electrical switches, MEMS 

(Micro electro mechanical Systems), PIN Diodes, 

and transistors have been used. Recently, MEMS 

switches are extensively considered for the 

reconfigurable antennas since they have better 

switch isolation, lower insertion loss and power 

consumption, and higher linearity than solid-state 

switches over a wide RF band. 

Reconfigurable antennas offer flexibility in terms of 

frequency, pattern, and polarization, hence versatile 

and flexible operations in many applications. In a 

rich scattering environment, it is preferred to have 

an antenna that can direct the main beam to the 

desired coverage area while suppressing the 

unwanted beam in other directions. Therefore, 

multipath propagation fading can be mitigated and 

eventually improve the spectral efficiency 

considering that higher rate of information can be 

transmitted in a given bandwidth.  

In order to provide a dynamical response, 

reconfigurable antennas integrate an inner 

mechanism such as RF MEMS, PIN diodes, 

varactors that enable the intentional redistribution of 

the RF currents over the antenna surface. In this 

design, we prefer PIN diodes due to its reliability 

and fast switching speed. 

In particular, the research on radiation pattern 

reconfigurable characteristic has got a significant 

interest in the field of reconfigurable antennas [2]. 

Because the steering of an antenna’s radiation 

pattern can be used to avoid noise source, improve 

security and save energy by better directing signal 

https://en.wikipedia.org/wiki/Radiation_pattern
https://en.wikipedia.org/wiki/Beam_steering
https://en.wikipedia.org/wiki/Passive_radiator
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toward intended direction [3]. Therefore there is a 

great demand for pattern reconfigurable antenna in 

the field of wireless communication. 

 

 BEAM STEERING PATCH ANTENNA WITH 

 4 PARASITIC ELEMENTS 

This micro strip patch antenna is designed using 

HFSS v 13 software. HFSS is an acronym for HIGH 

FREQUENCY STRUCTURAL SIMULATOR. As 

shown in Fig.1(a), there is a driven patch 

surrounded by 4 parasitic patches. Each parasitic 

element is shorted to ground through shorting pins. 

These shorting pins are denoted as S1, S2, S3, S4. It 

shows the reconfigurable beam directions using 4 

PIN diodes for a circular patch. Antenna is excited 

from coaxial feeding. This feeding is given to the 

driven element only. By the mutual coupling effect, 

the current flowing in the driven element is used to 

induce the currents in the surrounding parasitic 

elements. Each patch is connected to the ground and 

we connected 1 PIN diode on each parasitic 

element. Each PIN diode is connected in between 

the corresponding parasitic element and ground. By 

changing the status of PIN diodes on different 

parasitic patches, they acts as either reflector or 

director. The antenna's input return loss and 

radiation patterns will be modified due to the 

mutual coupling between the driven and the 

parasitic elements. 

Initially currents are flowing in all surrounded 

parasitic elements when the feeding is given to the 

driven element. If PIN diode is on, then that patch 

acts as Reflector (the patch is not connected to 

ground). Reflector means it reflects the beam into 

opposite direction If the PIN diode is off, then that 

patch acts as Director (the patch is connected to 

ground). Director means directs the beam into that 

particular direction. Moreover, the presented 

antenna preserves its linear polarization regardless 

of the configuration. 

The proposed antenna operates at 2.38 GHz for 

Wireless Interoperability for Microwave Access 

(Wi-MAX).. This structure is capable of achieving 

9 distinguished main beam angular positions. This 

antenna structure consists of a driven element which 

is surrounded by four parasitic elements.  

Fig.1(b) shows the side view of the antenna design. 

This antenna is excited from the coaxial feeding. It 

has two conductors namely, inner conductor and  

outer conductor. Inner conductor of coaxial 

connector extends through the dielectric and is 

soldered to the radiating patch, while the outer 

conductor is connected to the ground. The main 

advantage is feed can be placed at any desired 

locations inside the patch in order to match with its 

input impedance. Feed is easy to fabricate and has 

low spurious radiation. 

        

        

             
 

(a)                              (b)                          

Fig.1 (a) Antenna design using HFSS software 

         (b) Coaxial  feeding and shorting pins 

As shown in Fig.1(b) the antenna structure was 

etched on a 12x12 cm^2  Taconic substrate (TLY-5) 

with a relative permittivity of 2.2, a thickness of 1.6 

mm, and loss tangent of 0.0009. Circular patch 

radius is 23.7 mm. Each diode occupies a compact 

space considering its small footprint of around 

0.35mm. The p-i-n diode ON state is simulated by a 

series inductance 0.15nH and resistance of 4.7 

Ohm. OFF state is simulated with a parallel 

combination of a capacitor 0.017pF and a resistor of 

7 K Ohm. 

From Fig2, the overall structure of a PIN diode 

switch is shown as well as it shows that how the 

PIN diode is connected to the ground. 

 

 
                          (a)                                   (b) 

         Fig.2 (a) Connection of PIN diode on patch 

          (b) PIN diode switch and shorting pin 

Driven 

element 

Parasitic 

elements 

Dielectric 

substrate 
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Shorting 

pins 

 

Shorting pin PIN diode switch 
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Through the shorting pin the PIN diode is connected 

to the ground. Based on the on/off status of the 

switch optimized currents can flow from the 

parasitic patches to the ground. Here HPND-4005 

PIN diodes are used. Generally the on resistance of 

the PIN diodes can be degrade the gain and 

efficiency of the antenna but it is exceptional for the 

HPND-4005 with respect to the low insertion and 

isolation loss of 0.3 and 38 dB, respectively. These 

are soldered on the parasitic patches. Five RF choke 

inductors (68nH) are connected on the PIN diode 

biasing lines. One RF choke inductor is connected 

on the ground and remaining four are connected at 

the edges of the four patches. As shown in Fig.3, 

one of the RF choke inductor is connected at the 

edge of  one patch. 

The simulated results of nine distinguished beam 

directions of this structure are presented in 

Fig.4.When all PIN diodes are ON, then all parasitic 

elements act as directors. The beam toward (Ø,Ɵ) = 

(0°,0°). Then  the beam is directed along the z -axis 

with a gain of 8 dBi. When PIN diode A is OFF (the 

corresponding patch acts as a director) and the 

remaining PIN diodes are ON (the corresponding 

patches act as reflectors), the beam will be directed 

at (Ø,Ɵ) = (45°,22°). The main beam directions 

when RF choke inductor 

 

 

 

Fig.3 Biasing line with RF choke inductor 

PIN diodes A and B are OFF, (Ø,Ɵ) = (90°,24°) 

(remaining PIN’s are ON), PIN C OFF (remaining 

PIN’s are ON) and PIN D OFF (remaining PIN’s 

are ON) are, (Ø,Ɵ )= (135°,22°), (225° , 22° ), and 

(315° , 22° ), respectively. When PIN diodes A  and 

D are OFF and  PIN diodes B and C are ON, the 

beam will be directed toward (Ø,Ɵ) = (0°,23°). 

Similarly, beam steering to (Ø,Ɵ) = (180° , 24° ), 

and (270° , 25° ) is  achieved according to the 

configuration of the PIN diode. The theta angle is 

mainly contributed by the size of the parasitic 

element, driven-parasitic separation distance, and 

shorting pins location, which are optimized to 

obtain the desired tilt angle with minimum side lobe 

level.   

                                 TABLE-I 

GAIN AND THETA Ɵ FOR DIFFERENT PIN 

DIODE STATES: 

 

Switch 

 

A B C D Gain in 

dBi 

Theta 

θ 

ON ON ON OFF 7.0606 -22º 

ON ON OFF ON 6.13 -6 º 

ON ON ON ON 8.35 0º 

ON OFF ON ON 7.0118 22º 

OFF ON ON ON 7.37 22º 

OFF OFF ON ON 7.17 23º 

ON OFF OFF ON 7.4151 24º 

ON ON OFF OFF 7.5491 25º 

 

Simulated Results for Radiation Patterns are as 

shown below:  

(a)  (b)  

(c) (d) 

 

RF choke inductor 
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(e) (f) (g)

(h)             (i) 
 

Fig.4  simulated radiation pattern at 2.38 GHz  (a) PIN diode D is OFF, (Ø,Ɵ)=(315°, - 22°), (b) PIN diode C 

is OFF, (Ø,Ɵ) = (225°, - 6°),  (c) ALL PIN diodes are ON, (Ø,Ɵ) = (0°,0°), (d) PIN diode A is OFF, (Ø,Ɵ) = 

(45°, +22°), (e) PIN diode B is OFF, (Ø,Ɵ) = (135°, +22°), (f) PIN diodes A and D are OFF, (Ø,Ɵ) = (0°, 

+23°)   (g) PIN diodes A and B are OFF, (Ø,Ɵ) = (90°, +24°), (h) PIN diodes C and D are OFF, (Ø,Ɵ) = 

(270°, +25°). PIN diode that is not mentioned means it is in the ON state. 
 

The PIN diode states and theta Ɵ for different 

configurations are tabulated in Table-I. From Table-

I, when all PIN diodes are ON, the gain is 

maximum i.e., 8.32. This structure achieved 

excellent gain levels with all desired phi Ø 

directions with a minimum value of 7 dBi 

 

BEAM STEERING PATCH ANTENNA 

STRUCTURE WITH  8 PARASITIC 

ELEMENTS 

We can increase the main beam directions by 

modifying the structure of the above designed 

antenna. The modifying structure consists of 9 

patches. The driven element is surrounded by 8 

parasitic elements. Parasitic element is a conductive 

element, typically a metal rod, which is not 

electrically connected to anything else. The purpose 

of the parasitic elements is to modify the radiation 

pattern of the radio waves emitted by the driven 

element, directing them in a beam in one direction, 

increasing the antenna's gain. 

 

Fig 5:- Center Driven Element surrounded with 8 

parasitic patches with PIN Diodes 

https://en.wikipedia.org/wiki/Radiation_pattern
https://en.wikipedia.org/wiki/Radiation_pattern
https://en.wikipedia.org/wiki/Radiation_pattern
https://en.wikipedia.org/wiki/Antenna_gain
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. This allows the array to act as a single antenna, 

generally with improved directional characteristics 

(thus higher antenna gain). 

The driven element is often a dipole. The parasitic 

elements act as resonators and couple 

electromagnetically with the driven element, and 

serve to modify the radiation pattern of the antenna.  

We have to increase the length and breadth of the 

Taconic dielectric substrate and ground to 171 x 

171 cm
2      

for     adding     more parasitic elements. 

From  Table-II, the maximum obtained gain is 8.94 

dBi when ALL PIN diodes are ON. By this 

structure, the antenna    gain is    increased from 

8.32 to 8.94 since parasitic elements are increased  

from 4  to 8. 

 

Simulated Results for Radiation Patterns are as 

shown below:                                      

 

 

 

Table-II 

GAIN AND THETA Ѳ FOR DIFFERENT PIN 

DIODE STATES 

Switch positions  

A B C D E F G H 
Gain 

in dBi 
θ 

on on on on off on on on 6.9 - 45º 

on on off off on on on on 6.6 - 44º 

off on on off on on on on 3.29 - 37º 

on on on on on on off on 6.11 - 35º 

off off on on off on on on 7.7 - 30º 

off off on on off off on off 4 - 27º 

on on on on on on on on 8.94 0º 

on on on on off off on on 5.7 + 34º 

on off on on off off on on 4.48 +35º 

on on on on off on on on 6.6 + 36º 

on on on on on on off off 5.58 + 40º 

on on on on on off off on 4.7 + 41º 

on on on on off on on off 5.7 + 42º 

on off off on on on on on 3.9 + 48º 

 

(a) (b) (c)         (d) 

 

                 

(e)                                     (f) 

https://en.wikipedia.org/wiki/Antenna_gain
https://en.wikipedia.org/wiki/Dipole_antenna
https://en.wikipedia.org/wiki/Resonator
https://en.wikipedia.org/wiki/Radiation_pattern
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                (g)                                            (h)                                                                               (i)                                   (j)

 

              

                (k)                               (L)                             (m)                          (n)                                

Fig 6:.  simulated radiation pattern at 2.38 GHz  (a) PIN diode E is OFF, (Ø,Ɵ)=(315°, - 45°), (b) PIN diode C 

and D are OFF, (Ø,Ɵ) = (225°, - 44°),  (c) PIN diodes A and D are OFF, (Ø,Ѳ) = (0°, - 37°)  (d) PIN diode G 

is OFF, (Ø,Ѳ) = (270°, - 35°) (e) PIN diodes A, B and E are OFF, (Ø,Ѳ) = (90°,- 30°), (f)  PIN diodes A, B, E, 

F and H are OFF, (Ø,Ѳ) = (90°, - 27°)   (g) ALL PIN diodes are ON, (Ø,Ѳ) = (0°,0°), (h) PIN diodes E and F 

are OFF, (Ø,Ѳ) = (135°,+ 34°), (d) PIN diodes B, E and F are OFF, (Ø,Ѳ)=(135°,+ 35°),  (j) PIN diode E is 

OFF, (Ø,Ѳ) = (90°,+ 36°),(l) PIN diodes F and G are OFF, (Ø,Ѳ) = (225°,+ 41°), (m)  PIN diodes E and H are 

OFF, (Ø,Ѳ)=(45°,+ 42°), (n) PIN diode B and C are OFF, (Ø,Ѳ) = (90°,+ 48°)   

 

SIMULATION RESULTS AND ANALYSIS  

 

Reconfigurable antenna will be an attractive feature 

in the modern wireless communication system 

because it enables to provide a single antenna to be 

used for multiple systems. In This paper two 

different antennas have been designed with 4 and 8 

parasitic elements respectively. In the first case, the 

antenna can provide beam control at nine different 

angular directions. Fig 3 shows the simulated 

radiation patterns for different PIN diode 

configurations. Table I represents radiation patterns 

of different  Ɵ values varies from -22
o 
to + 25

o    
 

capable to steer to nine  angles, when all p-i-n 

diodes are ON, the beam is directed along the Z-

axis with a highest gain of        8.35 dBi as shown in 

Table I. On the other hand      Fig 5 shows the 

driven element is surrounded by 8 parasitic 

elements. Simulated radiation patterns for different 

PIN diode configurations shown in Fig 6 in which 

the beam can be steered from a wide angle variation 

from Ɵ = - 45°  to + 48°  with the increased  gain of 

8.94dBi.
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CONCLUSION 

The development of wireless communication has 

made a good impact on the field of the antenna 

design. When one considering adding new features 

to existing antennas, questions about the benefits 

and applications of doing so arise. In this paper, a 

compact and multidirectional pattern-reconfigurable 

antenna is presented. The antenna design  is based 

on the on the principles of the common Yagi – Uda 

antenna . In this paper a comparative analysis has 

been made between two reconfigurable antenna 

structures.  Particularly the antenna with 8 

surrounded parasitic elements is  reconfigurable in 

terms of radiation pattern in 14 different angles. 

And by observing above mentioned tables, the 

radiation pattern varies with a wide beam steering is 

almost double in both negative and positive 

directions compared to antenna structure with 4 

parasitic elements. This type of very wide switched 

beam pattern is definitely very useful in RADAR 

applications to identify the targets. 
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