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Abstract ─ In this paper, a circularly polarized frequency, 

pattern, and polarization switching antenna is proposed. 

The antenna consists of an octagonal patch, a narrow 

octagonal ring and four diamond-shaped parasitic 

patches on the top layer. Two feed points of the radiating 

patch are connected to a Wilkinson power divider loaded 

with the phase reconfigurable transmission lines on the 

bottom layer. Reconfiguration of the polarization and 

pattern is realized by using PIN diodes as switching 

components. By controlling the bias voltage across       

the varactors, various narrow frequency bands can be 

achieved. The proposed antenna operates at a frequency 

tuning range from 1.96 to 2.03 GHz. The radiation 

pattern can be switched among five cases in yoz-plane 

and xoz-plane, with the switchable polarization between 

left- and right-hand circular polarization. In addition, 

these three types of reconfiguration can be controlled 

independently. 

Index Terms ─ Beam switching, frequency 

reconfigurable, patch antenna, switchable polarization. 

I. INTRODUCTION
With the rapid development of modern wireless 

communication, people have a strong demand for the 

higher speed and quality of information transmission. 

Thus, antennas in modern applications must be 

multifunctional and adaptable with the system 

requirements in the varying electromagnetic environment. 

Reconfigurable antennas, also known as the tunable 

antenna, have attracted much attention. 

Frequency reconfigurable antennas are realized by 

using PIN diodes [1-3], varactors [4-6] and MEMS [7] 

as the RF switches to change the size of the radiating 

patch or using liquid crystal [8] and metasurface [9]. 

Polarization reconfigurable antennas can be achieved by 

controlling the states of the PIN diodes to change the 

structure of the feeding network [10,11] and adjust 

the radiation structure of the antenna [12,13]. Pattern 

reconfiguration or beam scanning based on PIN diodes, 

parasitic stubs and metamaterial structure are introduced 

in [14-16]. In the recent years, some efforts have been 

done to realize arbitrary combination of two of three 

reconfigurable characteristics, including frequency and 

polarization reconfigurable antenna [17], pattern and 

polarization reconfigurable antenna [18] and so on. 

Furthermore, some antennas with frequency, pattern 

reconfiguration and polarization switching have been 

also reported in [19,20]. However, most of reconfigurable 

antennas combined two or three types of reconfiguration 

are unable to control the antenna parameters 

independently. 

Therefore, a novel reconfigurable patch antenna       

is designed to achieve three types of reconfiguration 

independently in this paper. By controlling the bias 

voltage across the varactors and PIN diodes, the 

three types of reconfiguration can be realized, and 

characteristic parameters of the antenna can be 

controlled independently. 

II. ANTENNA DESIGN
The geometry of the proposed reconfigurable 

antenna is shown in Fig. 1. On the top layer of the upper 

substrate, an octagonal patch, as shown in Fig. 1 (a), is 

located at the center and surrounded by four diamond-

shaped parasitic patch elements. The center radiating 

patch with a cross-shaped slot is fed by the Wilkinson 

power divider with the phase reconfigurable transmission 

lines. 

In order to realize the frequency reconfiguration, 

eight varactors (D1 to D8) are located between the 

octagonal patch and octagonal ring. In addition, four PIN 

diodes are placed across the slot of parasitic patch for 

pattern reconfiguration. On the bottom layer of the lower 
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substrate, the feed network, as shown in Fig. 1 (c), 

consists of a Wilkinson power divider and the phase 

reconfigurable transmission lines with six PIN diodes 

(S11, S12, S21, S22, S31 and S32) providing the required 

phase shift along two output branch lines for different 

polarizations. 

Two pieces of substrates with the dielectric constant 

r (2.9), have a thickness of h1 (4.5 mm) and h2 (1.5 

mm), as shown in Fig. 1 (b). The ground plane is located 

on the top layer of the lower substrate. And the output 

ports of the feed network (Port 1 and 2) are connected to 

the octagonal radiating patch via two probes. Detailed 

dimensions of the proposed antenna are listed in Table 1. 

 

 
   (a) 

 
   (b) 

 
   (c) 

 

Fig. 1. Geometry of the proposed antenna: (a) top view, 

(b) side view, and (c) bottom view. 

 

 

 

 

 

 

Table 1: Dimensions of the proposed antenna 

Parameter Value/mm Parameter Value/mm 

L1 18.7 L11 7.9 

L2 14.8 L12 13.2 

L3 22 L13 12 

L4 30 L14 44.1 

L5 17.9 w1 5 

L6 19.5 w2 2.6 

L7 160 w3 3.8 

L8 180 w4 2.1 

L9 12.1 h1 4.5 

L10 8.1 h2 1.5 

 

III. SIMULATION AND ANALYSIS 
In this section, the reconfiguration mechanism of the 

antenna is described in detail and the performance of the 

proposed antenna is simulated by using HFSS. 
 

A. Frequency reconfiguration 

The frequency reconfiguration is achieved by 

controlling the reverse bias voltage of the varactors, 

MA2S372, (D1 to D8 shown in Fig. 1 (a)) connected 

between the radiating patch and the octagonal ring. 

Under different capacitance values, the radiating patch 

with an octagonal ring provides several frequency bands. 

The equivalent capacitance of varactors at different bias 

voltages are listed in Table 2. 

 

Table 2: Capacitance values of the varactor 

Bias Voltage/V Equivalent Capacitance/pF 

4.5 10 

6 8 

9 6 

13.5 4 

30 2 

 
Figure 2 shows the simulated results at different 

reverse bias voltages for RHCP. As the reverse bias 

voltage increases from 4.5 to 30 V, the resonant 

frequency of antenna shifts from 1.96 to 2.03 GHz, as 

shown in Fig. 2 (a). From Figs. 2 (b)-(c), the antenna   

gain is higher than 7.68 dBi and the axial ratio is below 

3 dB at resonant frequency for different reverse bias 

voltages, which indicates good circular polarization (CP) 

performance during frequency reconfiguration. 
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      (a) 

 
     (b) 

 
     (c) 

 

Fig. 2. Simulated results at different reverse bias voltage 

for RHCP: (a) reflection coefficient, (b) realized gain, 

and (c) axial ratio. 

 

B. Polarization reconfiguration 

The polarization reconfiguration of antenna can be 

realized by the Wilkinson power divider and phase 

reconfigurable transmission lines. By controlling the 

ON/OFF state of the PIN diodes, the left-hand (LH) and 

right-hand circular polarization (RHCP) of antenna can 

be chosen. 

By controlling the DC voltage 1, 2 and 3 (V1 < V2 

< V3), the diodes S12, S22, S31 are in ON state, and      

all the other diodes are OFF. In this case, a 90°-delay 

transmission line is inserted into the left branch and 

LHCP is realized. The transmission path of the signal 

and the simulated radiation patterns are shown in Figs.    

3 and 4.  
 

 
 

Fig. 3. Transmission path of the signal at V1 < V2 < V3. 
 

 
(a)                                         (b) 

 

Fig. 4. Simulated LHCP radiation patterns of the antenna 

at 2 GHz: (a) yoz-plane and (b) xoz-plane. 
 

It can be seen from Fig. 4 that the antenna gain is 

7.68 dBi and the cross-polarization level is less than          

-20 dB for LHCP state.  

Similarly, as the diodes S11, S21, S32 are in ON 

state (V1 > V2 > V3) and all the other diodes are 

switched OFF, the transmission path of the signal is 

shown in Fig. 5. At this time, the antenna establishes the 

RHCP. The simulated results are shown in Fig. 6.  
 

 
 

Fig. 5. Transmission path of the signal at V1 > V2 > V3. 
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(a)                                         (b) 

 

Fig. 6. Simulated RHCP radiation patterns of the antenna 

at 2 GHz: (a) yoz-plane and (b) xoz-plane. 

 

From Fig. 6, the antenna gain is 7.66 dBi with the 

cross-polarization less than -20 dB for RHCP state. In 

addition, the axial ratio (AR) versus frequency of the 

proposed antenna for LHCP and RHCP cases is also 

presented in Fig. 7. 
 

 
 

Fig. 7. Simulated axial ratio of the proposed antenna in 

two CP states for LHCP and RHCP. 
 

It can be seen from Fig. 7 that the AR is 0.3 dB at    

2 GHz. Compared with Figs. 2 (a) and (c), good CP 

performance (AR<1dB) can be observed in the whole of 

reconfigure frequency range from 1.96 to 2.03 GHz. 
 

C. Pattern reconfiguration 

The pattern reconfiguration is achieved by changing 

the OFF/ON state of the PIN diodes (S1 to S4) on the 

parasitic patch A, B, C and D, as shown in Fig. 8.  

The surface current distributions on the radiating 

and parasitic patches for three cases are shown in Fig. 9.  

As S1-S4 are in ON state, the surface current is 

mainly located at the radiating patch, as shown in Fig.    

9 (a). As S1 is in OFF state, the surface current on           

the parasitic patch A, where S1 is located, increased 

significantly, as shown in Fig. 9 (b). And the main beam 

tilts toward +y direction. Similarly, the main beam       

tilts toward -y direction as S2 is in OFF state, as shown in 

Fig. 9 (c). The information on the state of four PIN 

diodes for five cases is listed in Table 3. 

 

 
 

Fig. 8. Structure of the pattern reconfiguration module. 

 

 
                     (a) 

 
                     (b) 

 
                     (c) 

 

Fig. 9. Simulated surface current distributions at 2 GHz 

in different cases: (a) S1-S4 are ON, (b) S1 is OFF, and 

others are ON, (c) S2 is OFF, and others are ON. 
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Table 3: The state of four PIN diodes for five cases 

Case S1 S2 S3 S4 Pattern Mode 

1 ON ON ON ON Boresight 

2 OFF ON ON ON 
+y-direction 

tilted 

3 ON OFF ON ON 
-y-direction 

tilted 

4 ON ON OFF ON 
-x-direction 

tilted 

5 ON ON ON OFF 
+x-direction 

tilted 

 
Taking the polarization state of RHCP as an example, 

when the bias voltage across the varactor D1  to D8 is 

9V, the resonance frequency of the antenna is 2GHz.      

In order to evaluate the impedance characteristics of 

antenna for these four pattern reconfiguration cases, the 

simulated reflection coefficients are provided in Fig. 10.  

 

 
 

Fig. 10. Simulated reflection coefficient for five cases 

(Vc=9V). 

 

It is noticed from Fig. 10 that the antenna operates 

in the frequency band of 1.82-2.09 GHz with reflection 

coefficient of less than -10 dB for different cases. Detailed 

information on simulation results is listed in Table 4. 

 

Table 4: Impedance characteristics for five cases 

Case 

Center 

Frequency/ 

GHz 

Bandwidth/ 

% 

-10dB Band 

Range/GHz 

1 1.96 13.8 1.82~2.09 

2 1.95 14.4 1.81~2.09 

3 1.96 14.3 1.82~2.10 

4 1.94 15.5 1.79~2.09 

5 1.95 15.4 1.80~2.10 

 
The simulated radiation efficiency of the proposed 

antenna for five cases is shown in Fig. 11.  

 
 

Fig. 11. Simulated radiation efficiency of the proposed 

antenna in different cases for Vc=9V. 
 

From Fig. 11, results of the simulation indicate that 

the proposed antenna features a good efficiency, being 

greater than 70% in the whole operating frequency range 

for five cases. Meanwhile, the simulated RHCP radiation 

patterns at 2GHz for five cases are shown in Fig. 12.  

 

 
(a)                                         (b) 

 

Fig. 12. Simulated RHCP radiation patterns of the 

antenna for five cases at 2 GHz: (a) yoz-plane and (b) 

xoz-plane. 

 

It can be seen from Fig. 12 that: 1) the main beam 

could tilt toward five directions for pattern reconfiguration; 

2) the beamwidth becomes narrower as the main beam 

tilts.  

For the comparison purpose, the simulated LHCP 

radiation patterns at 2 GHz for five cases are also shown 

in Fig. 13. And detailed simulation results of radiation 

characteristics are listed in Table 5 and 6. 

It can be seen from Table 5 and 6, for LHCP in Case 

1, the main beam direction is at -1° in yoz-plane with a 

3dB beamwidth from -40.6° to 37°. Therefore, the main 

beam direction of the proposed antenna can be pointed 

to approximate 10° and -10° in yoz-plane for Case 2 and 

Case 3, respectively, with the realized gain around 7.62-

7.64 dBi. Similarly, when the diodes operate in Case 4 

and Case 5, the main beam of the pattern can be pointed 

to -15° and 10° in xoz-plane with the realized gain around 

7.27-7.84 dBi. In addition, when the antenna operates in 

1.7 1.8 1.9 2.0 2.1 2.2 2.3
-35

-30

-25

-20

-15

-10

-5

0

R
ef

le
ct

io
n

 c
o
ef

fi
ci

en
t(

d
B

)

Frequency(GHz)

 Case 1

 Case 2

 Case 3

 Case 4

 Case 5

1.80 1.85 1.90 1.95 2.00 2.05 2.10
60

65

70

75

80

85

90

E
ff

ic
ie

n
cy

(%
)

Frequency(GHz)

 Case 1

 Case 2

 Case 3

 Case 4

 Case 5

0

30

60

90

120

150

180

210

240

270

300

330

-30

-20

-10

0

10

-30

-20

-10

0

10

G
ai

n
(d

B
i)

 Case 1

 Case 2

 Case 3

0

30

60

90

120

150

180

210

240

270

300

330

-30

-20

-10

0

10

-30

-20

-10

0

10

 Case 1

 Case 4

 Case 5

G
ai

n
(d

B
i)

ZHANG, SUN, DONG, YIN: DESIGN OF RECONFIGURABLE PATCH ANTENNA 1041



RHCP, the main beam direction of the proposed antenna 

can be pointed to approximate 1°, 13°, -13° in yoz-plane 

and -17°, 10° in xoz-plane for Case 1 to Case 5. The 

difference of the radiation patterns in yoz-plane and xoz-

plane is mainly due to the asymmetry of the feed network.  

The peak gain and axial ratio at the main beam for 

five cases are presented in Fig. 14.  
 

 
(a)                                         (b) 

 

Fig. 13. Simulated LHCP radiation patterns of the 

antenna for five cases at 2 GHz: (a) yoz-plane and (b) 

xoz-plane. 

 

Table 5: Radiation characteristics of the proposed antenna 

in yoz-plane 

Case Polarization 
Gain/ 

dBi 

Beam 

Direction 

3dB Beam 

Range 

1 
LHCP 7.67 -1° -40.6°~37° 

RHCP 7.70 1° -40.5°~36° 

2 
LHCP 7.64 10° -19.8°~42° 

RHCP 7.68 13° -16.5°~46° 

3 
LHCP 7.62 -10° -41.3°~20° 

RHCP 7.53 -13° -46.3°~15° 

 

Table 6: Radiation characteristics of the proposed antenna 

in xoz-plane 

Case Polarization 
Gain/ 

dBi 

Beam 

Direction 

3dB Beam 

Range 

1 
LHCP 7.66 0° -40.7°~37° 

RHCP 7.68 0° -41.0°~37° 

4 
LHCP 7.27 -15° -46.7°~13° 

RHCP 7.09 -17° -48.7°~10° 

5 
LHCP 7.84 10° -18.8°~42° 

RHCP 7.95 10° -21.7°~41° 

 

From Fig. 14 (a), it can be observed that the peak 

gain in yoz-plane is about 7.68 dBi with 0.05 dB and  

0.17 dB variation along the beam direction for LHCP and 

RHCP, respectively. In Fig. 14 (b), the peak gain at 0° 

has a variation of 0.39 dB and 0.59 dB along the beam 

direction in xoz-plane for LHCP and RHCP. In addition, 

the axial ratio along the main beam direction for five 

cases is less than 3dB for CP reconfiguration.  

In order to demonstrate that the radiation pattern of 

the antenna in CP state can be switched among five cases  

within the frequency reconfigurable range from 1.96 to 

2.03 GHz, the simulated results are provided in Fig. 15 

and Fig. 16. 

Figure 15 and Fig. 16 present the co-polarization 

and cross-polarization radiation patterns for RHCP in 

different cases at 1.96 GHz (Vc=4.5V) and 2.03GHz 

(Vc=30V), respectively.   

 

 
 (a)                                         (b) 

 

Fig. 14. Simulated peak gain and axial ratio versus the 

beam direction angles at 2 GHz: (a) yoz-plane and (b) 

xoz-plane. 

 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 15. Simulated RHCP radiation patterns in yoz-plane 

at 1.96 GHz and 2.03 GHz: (a) Case 1, (b) Case 2, and 

(c) Case 3. 
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 (a)                                  

 
 (b)                                  

 
 (c)                                  

 

Fig. 16. Simulated RHCP radiation patterns in xoz-plane 

at 1.96 GHz and 2.03 GHz: (a) Case 1, (b) Case 4, and 

(c) Case 5. 
 

The main beam direction of the pattern can be 

pointed to approximate 0°, 10°, -6° in yoz-plane and -1°, 

-10°, 7° in xoz-plane with cross-polarization levels less 

than −15 dB at 1.96 GHz. Similarly, when the antenna 

operates at 2.03 GHz, the beam direction can be pointed 

to approximate 3°, 17°, -16° in yoz-plane and -1°, -19°, 

14° in xoz-plane with cross-polarization levels less than 

−10 dB. All the above simulated results indicate that the 

proposed antenna can realize pattern reconfiguration in 

LHCP and RHCP during the reconfigure frequency range. 

 

IV. MEASUREMENT RESULTS AND 

DISCUSSION 
An antenna prototype is fabricated and tested for 

impedance and radiation characteristics of the proposed 

design. A photo of the fabricated antenna prototype is 

shown in Fig. 17. 

   
(a)                                       (b) 

 

Fig. 17. Photographs of the proposed antenna: (a) top 

view and (b) bottom view. 

 

The measured reflection coefficient of the antenna 

is presented in Fig. 18. 

 

 
 

Fig. 18. Simulated and measured reflection coefficient at 

different reverse bias voltage. 

 

From Fig. 18, it can be seen that the resonant 

frequency ranges from 1.96 to 2.03 GHz as the bias 

voltage increases from 4.5 to 13.5V. The differences 

between the measured and simulated data may be related 

to the mismatch caused by external connectors, the 

deviation of the substrate dielectric constant, and the 

processing error of the structure.  

The measured radiation performance of the antenna 

is shown in Fig. 19. 

Figure 19 shows that the agreement between the 

simulation results and the measured data is reasonably 

good.  

Compared with the existing designs of reconfigurable 

antennas listed in Table 7, the proposed work has the 

advantages of low profile, high efficiency, and multiple 

functions, which is very attractive in mobile 

communication. 
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Table 7: Compared with the reported reconfigurable antennas 

Ref. Type Reconfiguration Actuators η (%) Size (λ0) 

[21] Patch Frequency and polarization 12 Varactors 60 0.62×0.62×0.03 

[22] Patch Frequency and pattern 4 PIN diodes 78 0.67×0.67×0.02 

[23] Slot Polarization and pattern 9 PIN diodes 75 4.5×1.1×0.08 

[19] 
Patch and pixel 

layer 

Frequency, polarization 

and pattern 
60 PIN diodes 53 2.1×1.1×0.07 

[20] Slot 
Frequency, polarization 

and pattern 
48 PIN diodes 49 0.86×0.78×0.01 

This work Patch 
Frequency, polarization 

and pattern 

10 PIN diodes and 

8 Varactors 
70 1.2×1.2×0.04 

 

 
        (a) 

 
       (b) 

 

Fig. 19. Simulated and measured RHCP results of the 

proposed antenna for Vc=9V: (a) radiation patterns in 

the yoz-plane (at 2 GHz), and (b) radiation efficiency. 
 

V. CONCLUSION 
A novel patch antenna design for frequency, pattern, 

and polarization reconfiguration has been presented in 

this paper. By using varactors and PIN diodes, these 

three kinds of characteristics of the antenna could 

become reconfigurable independently. Simulations about 

impedance and radiation characteristics of the antenna 

have been carried out for different cases. To validate this 

antenna design, a S-band patch antenna is fabricated and 

measured as an example. It is found that the polarization 

(LHCP/RHCP), resonant frequency (1.96 to 2.03 GHz) 

and radiation pattern reconfiguration can be realized 

independently. With the multiple functions and a low-

profile structure, the proposed antenna could be applied 

to mobile communication, satellites communication and 

telemetry systems. Besides, it can also improve signal-

to-noise ratio and increase the spectrum utilization of   

the wireless communication by dynamically adjusting 

frequency, polarization or radiation characteristics. In 

the future, methods of adaptive adjustment will be 

further investigated to better meet the communication 

needs in different scenarios. 
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