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Abstract—In this article, a 3D printed rectangular dielectric 

resonator antenna which is capable of polarization reconfiguration 

has been designed. Dielectric resonator is composed of 

environment friendly and biodegradable material, which is 

Polylactic Acid. In the proposed model, the polarization can be 

switch from a linear to a circular by changing the state of a switch, 

electonically. The antenna switch between two different 

polarizations:  Linear polarization during OFF STATE and Left-

hand circular polarization during ON STATE. The proposed 3D 

printed dielectric resonator antenna is designed to operate in C-

band of microwave spectrum, with a broad effective bandwidth 

(overlapped impedance bandwidths of both states) of 14.542% 

with centre frequency at 5.845GHz and peak gain 5.5dBi. Further, 

validated simulated results with experiment and both results are in 

good agreement. 
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I. INTRODUCTION 

OLARIZATION-RECONFIGURABLE antennas [1]-[5] 

get popularized in recent years. Polarization reconfiguration 

has been validated with several types of antennas, like 

monopole [6], dipole [7], aperture [8], and patch antennas [9]-

[10] and these antennas have plenty of applications in wireless 

communication systems, such as modulation [11], diminishing 

fading losses which can be generated because of multipath 

effects [6],  enhancing the attributes and channel capacity in a 

multiple input multiple output (MIMO) systems [12], and helps 

in minimizing the signal depolarization [13]. This helps in 

diminishing the polarization mismatch and as a result, it 

improves the Signal to Interference plus Noise Ratio (SINR). 

Mostly polarization reconfigurable antennas have the metallic 

radiators which result in Low radiation efficiency and narrow 

bandwidth because of conductor losses, skin effect, etc. 

Dielectric resonator antennas (DRAs) have the distinct attribute 

that the dielectric radiators are used to radiate instead of metallic 

radiators. In the literature, several designs have been reported, 

for DRAs realizing various forms of reconfiguration such as in 

reference [14]-[16], liquid dielectrics were employed to 

reconfigure the: operating frequency [14], radiation pattern [15], 

and polarization [16] of DRAs. In this article, we proposed a 3D 

printed Rectangular DRA (RDRA), where polarization can be 

switch from linear to circular by changing the state of PIN diode. 

During OFF state of switch antenna behaves as a linearly  
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polarized antenna and when the switch is in ON condition, 

antenna starts to behave as a circularly polarized antenna. 3D 

printed RDRA offer various advantages in comparison with the 

use of other dielectric materials such as light-weight, low cost, 

time-efficient, and small form-factor (SFF).  3D printing or 

Additive manufacturing is a method of fabricating 3D objects 

using layer-by-layer approach [17] and it enables to produce 

complex structures from a digital model. The proposed antenna 

was optimized for polarization reconfiguration, which was 

simply attained by altering the electromagnetic-field (EMF) 

distribution of the DRA. A switch was used to redistribute the 

EMF, which resulted in polarization reconfiguration.  

The proposed antenna can operate in a broad effective 

bandwidth (overlapped bandwidths of the two operating states) 

of 14.542% with centre frequency at 5.845GHz. 

II. ANTENNA DESIGN 

The proposed Polarization reconfigurable Rectangular 

dielectric resonator (RDR) of Sides (DRS) 17mm and Height 

(DRH) 12mm is places at the centre of a square substrate of the 

Fr4 material having sides (S) of 50mm and thickness (T) of 

1.6mm. The RDRA was fabricated with polymer material by 

utilizing additive manufacturing technology, which has a 

dielectric constant of 2.65 and loss tangent (tan δ) of 0.003. A 

square substrate has a finite ground plane, and a circular ring 

aperture has been etched out on the ground plane to electrify the 

RDRA via a 50Ω microstrip feed line of Length (FL) = 27mm, 

on the other side of substrate. The ring has 7mm of outer radius 

(OuterR) and 5.7mm of inner radius (InnerR). Two pins of radius 

0.6mm was inserted after drilling, and connected with ground at 

position of (SWP)= 90⁰ from feed line. One pin was inserted 

inside the ring slot and another is inserted at outer side of ring 

slot and a switch has been implanted to short/open the 

connection between both pins. 

One common approach to analyse a RDRA is the dielectric 

waveguide model (DWM) method. This method can estimate 

the resonance frequency of the DRA, but the error can be over 

10% depending on the aspect ratio and dielectric constant of the 

DRA. Although rigorous numerical analysis can be used to 

accurately calculate the resonance frequency and field by 

simulation software, HFSS has been used to optimize the 

proposed 3D printed polarisation reconfigurable antenna 

system.  
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The theoretical formula for resonant frequency (𝑓𝑟) of an RDRA 

is given as: 

 

                   𝑓𝑟=
𝑐

2𝜋√𝑟
√𝑘𝑥

2 + 𝑘𝑦
2 + 𝑘𝑧

2  (1) 

 

where “𝑟” is the dielectric constant of the RDRA, “c” is the 

speed of light in free space and symbol “𝑘𝑥”, “𝑘𝑦” and “𝑘𝑧” 

represents the wavenumbers in the x, y and z directions 

respectively. 

 

 
(a) Top View 

     
(b) Bottom View 

Fig. 1. Illustration of Proposed Antenna 

 

Initially, Antenna dimensions of DRS= 15mm and DRH=15mm, 

OuterR= 8mm, InnerR= 6mm was adopted, then different 

parameters such as DRS, DRH, OuterR, InnerR, and SWP was 

optimized to improved impedance matching in C band, and at 

the value of OuterR= 7mm, InnerR= 5.7mm improvement was 

noticed.  First DRH was optimized when DRS= 15mm, OuterR= 

7mm, InnerR= 5.7mm and FL= 27mm. The |S11| of different 

dimension of DRH is shown in Fig. 2. 

later DRS was optimised when DRH= 18mm, OuterR= 7mm, 

InnerR= 5.7mm and FL= 27mm. The |S11| of different dimension 

of DRH is shown in Fig. 3, and it can be concluded from Fig.2 

and Fig.3 that at DRH= 18mm and DRS = 20mm DRA was best 

coupled with transmission line. 

 
Fig. 2. Simulated |S11| of different dimension of DRH when DRS = 15mm, 

OuterR = 7mm, InnerR = 5.7mm and FL = 27mm 

 

 
Fig. 3. Simulated |S11| of different dimension of DRS when DRH= 18mm, 

OuterR= 7mm, InnerR= 5.7mm and FL= 27mm 

 
Later, at SWP= 90⁰ from the feed line, a switch has been 

implemented to short the ring. The simulated |S11| and Axial 

ratio (AR), when switch is in ON state are depicted in Fig. 4 and 

Fig. 5 for DRH= 18mm, DRS= 20mm, OuterR= 7mm, InnerR= 

5.7mm and FL= 27mm. After introducing switch into the 

system, slight changes in operating bandwidth of |S11| has been 

observed, and it is because of the implementation of active 

component into the substrate. It was also observed that, DR was 

coupled perfectly at DRH=18 as well as DRS=20mm and 

bandwidth of |S11| ≤ -10dB is greater when switch is in ON state 

than the bandwidth when switch is in OFF state. The operating 

band and frequency for AR ≤ 3dB can be shift by changing the 

angular position of switch and it can be note from Fig. 6, which 

depict the AR for different values of SWP, but if we notice the 

reflection coefficient in Fig. 7, it can be easily conclude that the 

reflection of power is minimum at SWP=90⁰. 

 

 
(a) Simulated |S11| for different values of DRH when switch is in ON 

state 
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(b) Simulated Axial Ratio for different values of DRH when switch is 

in ON state. 
Fig. 4. Simulated |S11| and Axial Ratio for different values of DRH. 

 

 
(a) Simulated |S11| for different values of DRS when switch is in ON 

state 

 
(b) Simulated Axial Ratio for different values of DRS when switch is in 

ON state 

Fig. 5. Simulated |S11| and Axial Ratio for different values of DRS. 

 

 
Fig. 6. Simulated Axial Ratio for different values of SWP when 

switch is in ON state 

 

 
Fig. 7. Simulated |S11| for different values of SWP when switch is in ON state. 

 

The Far filed properties are very important parameter to check, 

and the radiation pattern has also been studied and it can be 

observed from Fig. 8 to Fig. 11 that the radiation pattern is 

stabilized while operating in both the states. From Fig. 10 and 

Fig. 11 of normalized radiation pattern, it can be notice that 

radiation is left hand circular polarization (LHCP), when switch 

is ON. The proposed antenna can work in both linear and 

circular polarization so gain vs frequency and AR has been 

depicted in Fig. 12 and Fig. 13 respectively. 

The polarization can be switch from linear to circular by 

changing the state of switch. In OFF state antenna will work as 

linearly polarized antenna and in ON state antenna will work as 

Circular polarized antenna. The summarized results are shown 

in Fig. 12 and Fig. 13. 

 
Fig. 8. Simulated Normalized radiation pattern when switch is OFF at E-plane

 
Fig. 9. Simulated Normalized radiation pattern when switch is OFF at H-plane 
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Fig. 10. Simulated Normalized radiation pattern when switch is ON at E-plane 

 
Fig. 11. Simulated Normalized radiation pattern when switch is ON at H-plane 

 

 
Fig. 12. Simulated |S11| and Gain when switch is in ON and OFF state 

 

 
Fig. 13. Simulated Axial ratio when switch is in ON and OFF state 

III. RESULTS AND ANALYSIS 

To validate this idea of polarization reconfigurable antenna, a 

prototype of proposed antenna was developed and verified 

experimentally. The photograph of fabricated RDRA is shown 

in Fig. 14 which is developed by using a 3D printer. Chip 

resistors of two different values are used to realization the ON 

and OFF conditions. The value of the chip resistor is 0.001 kΩ 

and 3 kΩ for ON and OFF switching conditions respectively. 

The reflection coefficient has been measured using an E8364B 

PNA network analyser and it can be noticed that there is a slight 

shift of operating band and resonant frequency because of the 

integration of the active components in Fig. 15 and summarized 

in Table I. The measurement of the far-field characteristics was 

measured using a Compact Antenna Test Range (CATR) setup, 

the simulated and measured far-field characteristics are depicted 

in Fig. 16 to Fig. 21. 

 

 
Fig. 14. Fabricated Prototype 

 

 
Fig. 15.  Simulated and Measured reflection coefficient 

 
Fig. 16. Simulated and Measured Normalized radiation pattern when switch is 

OFF at E-plane 
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Fig. 17. Simulated and Measured Normalized radiation pattern when switch is 

OFF at H-plane 

 
Fig. 18. Simulated and Measured Normalized radiation pattern when switch is 

ON at E-plane 

 
Fig. 19. Simulated and Measured Normalized radiation pattern when switch is 

OFF at H-plane 

 

 
Fig. 20. Simulated and Measured Axial Ratio as well as Peak gain when 

switch is ON 

 
Fig. 21. Simulated and Measured Axial Ratio as well as Peak gain when 

switch is OFF. 
 

Table I 

SIMULATED AND MEASURED RESULTS OF PROPOSED POLARIZATION 

RECONFIGURABLE 3D PRINTED RDRA 

 

 

  
Pol. 

Switch 

State 

R.C. 

 B.W.  

(GHz) 

A.R. 

B.W. 

(GHz) 

Peak 

Gain 

(dBi) 

Simulated 

Circular ON 5.47 -6.8 
5.91 -

6.32 
5.35 

Linear OFF 5.42 -6.7 
5.42 -

6.7 
5.48 

Measured 

Circular ON 5.42 -6.27 
6.01 -
6.45 

5.2 

Linear OFF 5.37 -6.25 
5.37 -

6.25 
5.52 

R.C.- Reflection Coefficient, B.W.- Bandwidth, A.R.- Axial Ratio. 

 

Table I summarized the simulated and measured results of 

proposed polarization reconfigurable 3D printed RDRA. It can 

be observed from Fig. 15 as well that the operating band of |S11|≤ 

-10dB has been shifted in both cases i.e. when switch is ON and 

when switch is OFF, but the operating bandwidth is almost 

identical. The simulated and measured radiation patterns of both 

states are normalized and plotted in Fig. 16 to Fig. 21 and slight 

difference in radiation pattern was also observed, but peak gain 

was almost identical as of simulated. The measured Axial ratio 

bandwidth of antenna when switch is in ON state can be noticed 

in Fig. 20, and it can be easily concluded that operating band for 

A.R.≤ 3dB is almost same but the operating frequencies are 

slightly shifted. The performance of proposed polarization 

reconfigurable 3D printed RDRA is compared with other 

different type of polarization reconfigurable antenna in Table II. 
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Table II 

COMPARISON OF PROPOSED POLARIZATION RECONFIGURABLE 3D PRINTED 

RDRA WITH OTHER DIFFERENT TYPE OF POLARIZATION RECONFIGURABLE 

 

  Pol. 
Switch 

State 

R.C. A.R. 

B.W. 

(GHz) 

Peak 

Gain 

(dBi) 

 B.W.  

(GHz) 

[1] 

Circular ON 
2.49-

2.58 

2.49-

2.58 
5.8 

Linear OFF 
2.41-

2.75 

2.41-

2.75 
6.2 

[2] 
Circular ON 

2.18-
2.75 

2.45-
2.57 

6.5 

Linear OFF 2.37-2.6 2.37-2.6 7 

[3] 

LHCP ON 
2.47-
3.04 

2.58-
2.69 

4.76 

RHCP OFF 
2.45-

3.01 

2.58-

2.68 
3.1 

P.A. 

Circular ON 5.47 -6.8 
6.01 -

6.45 
5.2 

Linear OFF 
5.37 -
6.25 

5.37 -
6.25 

5.52 

P.A.- Proposed Antenna, R.C.- Reflection Coefficient, B.W.- Bandwidth, A.R.- 

Axial Ratio. 

IV. CONCLUSION 

This article presents a 3D printed polarization-reconfigurable 

RDRA. The antenna is able to switch its polarization between 

linear and circular. The measurements and simulations were in 

good agreement. The proposed antenna has a broad effective 

bandwidth of 14.542% with centre frequency at 5.845GHz. In 

addition, it has a stable gain and then most reported 

reconfigurable DRAs incorporating p-i-n-diodes. For a potential 

application, the 3D printed reconfigurable RDRA could be used 

within a wireless detection system where different information 

is transmitted on different channels differing in their 

polarizations. 
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