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Abstract 

In this paper, a compact CPW fed polarization reconfigurable 

wideband antenna is presented for the application of a universal ultra-

high frequency (UHF) radio frequency identification (RFID) antenna. 

In this work, long-range and random orientation detectability features 

are incorporated with the inclusion of polarization reconfigurability in 

the RFID reader antenna. Initially, a circularly polarized antenna is 

designed, which consists of a square slot embedded with an inverted L-

shaped strip line and an F-shaped feeding structure, which is etched 

on the FR4_epoxy substrate. Secondly, the inclusion of three PIN 

diodes and an extra strip line connected to the feed structure are used 

to achieve linear as well as circular polarization. The desired 

performance is obtained in the whole UHF RFID frequency band 

(universally adopted range in the UHF band by the different countries) 

from 840 MHz to 960 MHz. Simulation, as well as experimentation 

procedures, are applied to obtain the details of the S11, gain, axial ratio, 

and radiation patterns. The experimented performance metrics are in 

good agreement with simulation results. The results reveal that axial 

ratio requirements for linear and circular polarizations are met in the 

required band of operation with acceptable gain. 
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1. INTRODUCTION 

RFID with CP operation has been extensively used in various 

applications such as the internet of things (IOT), manufacturing 

industries, and goods in flow systems. Different countries utilize 

distinct frequency bands authorized for UHF RFID applications. 

The frequency ranges for UHF RFID applications are 865-867 

MHz in India, 866-869 MHz in Europe, 920-926 MHz in 

Australia, 902-928 MHz in North America, 908.5-914 MHz in 

Korea, 840.5-844.5 MHz, and 950-956 MHz in Japan, and 920.5-

924.5 MHz in China and so on.  

Numerous wideband CPW fed square slot antennas have been 

discussed in the literature. A CPW fed square slot antenna for 

broadband applications has been presented. The location, width, 

and length of the tuning stub are varied to obtain optimal 

impedance bandwidth of 60% [1]. Further improvement in the 

impedance bandwidth has been achieved with metallic strips 

added at the corners of the square slot, with the suitable ratio of 

the metallic strip in the slot to loading metallic strips [2]. Photonic 

bandgap structures with square-shaped or cross-shaped structures 

have been implemented in a loop slot, to suppress harmonic 

control as well as enhancing the bandwidth [3]. Coplanar 

waveguide (CPW) feed technique used by antennas exhibit many 

advantages over basic microstrip antennas, like lower dispersion 

and radiation loss, broader bandwidth, ease of fabrication using 

MMIC and conformability made these antennas are most 

prevalent [4].  

In several communication systems CP antennas play an 

important role, which eliminates polarization mismatch for 

various alignment of equipment, also gives benefits such as 

resistance to unsuitable weather conditions and the reduction in 

multipath losses. Due to these features, many CP antennas have 

been implemented in the previous works. The broadband CP 

operation is experimentally demonstrated by connecting a T-

shaped metallic strip to the ground plane at an angle 900 to the 

feed line [5]. CP mechanism has been introduced with a square 

slot, inductively coupled with slots and cuts [6], and a ‘C’ shaped 

grounded strip with diagonal slots has been implemented [7].  

The RFID system comprises of the reader and the tags that 

contain particular information of the objects they are attached. 

Electromagnetic waves are used to identify and tracking of objects 

[8]. Many wideband UHF RFID reader antennas with CP 

operation have been experimentally discussed in previous 

publications. In [9], Circular polarization and size reduction are 

achieved by arranging two asymmetric Koch fractal geometries 

with the single-probe-feed square radiator. Further, four arrow-

shaped slots are introduced in diagonal axes of the square radiator 

to tune resonant frequency around the UHF range. In [10], a 

frequency reconfigurable UHF RFID reader antenna has been 

practically tested, and CP radiation is introduced with two L 

shaped short patches attached to two L shaped radiating strips 

using PIN diodes. By applying biasing to PIN diodes, the antenna 

can radiate CP at the two anticipated frequency bands. The overall 

UHF RFID frequency range 840-960 MHz has been covered with 

CP operation by utilizing a square slot and F-shaped feeding 

structure with, an inserted arc-shaped strip [11], a spur line added 

along the diagonal to the square slot [12], and a T-shaped strip 

line and three stubs connected to the ground [13]. A CPW fed 

circular slot with an L-shaped feeding configuration, and two strip 

lines of L-shaped are placed in the circular slot connected to the 

ground plane has been practically investigated to achieve 

broadband impedance bandwidth in CP operation [14].  

Some of the research contributions on polarization 

reconfigurable antennas have been demonstrated for RFID, Wi-

Fi, Wi-MAX, and WLAN applications. Switching PIN diodes in 

on/off conditions linear, left-hand, and right-hand circular 

polarization modes are achieved for distinct applications [15]-

[21]. Concentrated emissions in LP antennas provide a higher 

reader range compared to CP antennas exhibiting the same gain. 

The CP antennas have shorter ranges because the radiated power 

is distributed in two planes, and are suitable for applications 

where the tags are oriented in random directions.  

The reader antennas of RFID system designed in the operating 

band of 840 to 960 MHz would be useful for universal 

applications, which reduce cost-effectiveness. An RFID reader 

antenna exhibiting both linear and circular polarization is 

preferable to cover most of the applications. A CPW fed RFID 

reader with reconfigurable linear and circular polarizations in the 
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UHF band is not published in earlier works. In the present work, 

a polarization reconfigurable RFID reader antenna has been 

investigated. To achieve the desired UHF RFID reader antenna 

performance, a CPW fed square slot antenna with an F-shaped 

feeding structure, embedded inverted L-shaped stripline to the 

ground, three PIN diodes, and an extra strip line connected to the 

feed are utilized in the proposed antenna design. The design 

covers the complete UHF RFID range from 840 MHz to 960 

MHz.  

The rest of the paper is organized with the following sections: 

section 2 discussed antenna design considerations.  In section 3 

discussed the simulated and experimental results. Finally, the 

conclusion is presented in section 4. 

2. ANTENNA DESIGN CONSIDERATION 

The compact polarization reconfigurable antenna geometry 

with three PIN diodes (D1, D2, and D3) is illustrated in Fig.1(a). 

And the fabricated antenna is shown in Fig.1(b). The optimal 

proposed antenna dimensions are presented in Table.1. The 

antenna is printed on an FR4_epoxy substrate (εr = 4.4, h = 0.8 

mm and dielectric loss tangent = 0.02), and its overall dimension 

is 114×114×0.8 mm3. Initially, the operating frequency 890 MHz 

calculated using Eq.(1): 
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where  

c is 3×108 m/s,  

εreff is the effective permittivity of the substrate,  

p and q are sizes of the square slot. The dimension of the radiating 

square slot is 86×86 mm2. 

The antenna structure is excited with an F-shaped feeding 

configuration is depicted in Fig.1. The dimensions L2 and L3 

contribute TE10 and TE01 modes respectively, CP radiation can be 

produced with two orthogonal modes of equal magnitude and a 

phase difference of 900. Incorporating an inverted L-shaped 

stripline connected to the ground in the square slot, which disturbs 

surface electric field distribution, and hence, circularly polarized 

modes are excited. The length L4 acts as a stub to produce the 

broader resonating bandwidth. In order to obtain polarization 

reconfigurability, an extra strip line is embedded to the feed 

structure using PIN diode D1, and PIN diodes D2 and D3 are placed 

in an inverted L-shaped strip line.  

Applying the biasing voltages to these three PIN diodes, both 

circular and linear polarized waves can be radiated. Circular 

polarization can be obtained when D1 OFF, D2, and D3 ON, and 

linear polarization can be obtained when D1 ON, D2, and D3 OFF. 

To reduce the effect of external bias voltage on antenna 

performance, three 10 µF and two 100 µF dc blocking capacitors, 

and six 3.3 KΩ resistors are used in the configuration. BAR64 

series PIN diodes are used for switching action. From the 

datasheet specifications, in the on-state, the diode exhibits 3.1Ω 

resistance in series with 1.8 nH inductance, and 1.8 nH inductance 

in series with the parallel combination of 3.4 KΩ resistance and 

0.2 pF capacitance in the off-state as shown in Fig.2. 

  

(a) (b) 

 

Fig.1(a). Detailed dimensions of the designed antenna (b) 

Fabricated prototype 

Table.1. Optimum Antenna Dimensions 

Dimension 
Value 

(mm) 
Dimension 

Value 

(mm) 

W 114 L5 40 

L 114 L6 47 

W1 14 g 0.4 

W2 7.5 G1 0.5 

W3 8 Wf 1.48 

W4 2 Ld 1 

L1 14 Wd 1.25 

L2 27 Lc 1 

h 0.8 Wc 1.25 

L3 38 Lr 0.5 

L4 39.5 Wr 0.4 

 

Fig.2. BAR 64-03W PIN diode equivalent circuit 

3. RESULTS AND DISCUSSION 

3.1 SIMULATION RESULTS 

To achieve the universal RFID reader antenna performance, 

three evolution processes of the proposed reconfigurable antenna 

are presented in Fig.3. These designs are simulated by using 

Ansys HFSS software.  Fig.4 illustrates simulation results of the 

reflection coefficient, axial ratio, and gain characteristics. The 

first evolution (Antenna 1) of the RFID antenna comprises of an 

F-shaped feeding structure, which exhibits a -10 dB impedance 

bandwidth in the frequency band of 780 MHz to1070 MHz with 

a percentage impedance BW of 31.35%. This configuration 
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produces poor CP radiation, as can be seen from Fig.3 (c) axial 

ratio characteristics.  

   

(a) (b) (c) 

Fig.3. Geometric evolution of the reconfigurable antenna. (a) 

Ant.1 (b) Antenna 2 (c) Ant.3 (Proposed) 

CP radiation is improved in the second evolution process 

(Antenna 2), an extra inverted L-shaped stripline is placed in the 

square slot and connected to the ground. This design achieves a -

10 dB resonating bandwidth of 300 MHz (percentage impedance 

BW of 32.60%). This design radiates circularly polarized waves 

having a 3 dB axial ratio of 290 MHz in the frequency band of 

840 MHz to 1130 MHz. 

 
(a) 

 
(b) 

 
(c) 

Fig.4. Simulated plots of designed antenna structures. (a) 

Reflection Coefficient (b) Axial ratio (c) Gain. 

In the final evolution process (Antenna 3), three PIN diodes 

and a stripline are incorporated to produce circular as well as 

linear polarized waves with proper biasing to PIN diodes. This 

proposed design (Antenna 3) produces circular polarization when 

D1 OFF, D2, and D3 ON. In this case, the simulated S11 is less 

than -10 dB over the frequency band of 700 to 1070 MHz. It 

achieves a 3 dB axial ratio bandwidth of 290 MHz over a 

frequency band of 840 MHz to 1130 MHz, with an AR bandwidth 

(3 dB) of 29.44%. 

The same antenna structure (Antenna 3) produces linear 

polarization when D1 ON, D2, and D3 OFF, and provides dual-

band -10 dB impedance bandwidth in the frequency range of < 

700 MHz to760 MHz and 810 MHz to1060 MHz. In the desired 

band, the percentage impedance BW of 26.7% is obtained and 

exhibits an axial ratio value of more than 14 dB. All the antenna 

structures radiate with similar gain values except Antenna 3 in LP 

mode radiates less gain in the required operating band. 

Simulated 2D radiation plots are illustrated In Fig.5, and 

RHCP/LHCP radiation patterns of Antenna 2 and Antenna 3 in 

CP mode at 890 MHz in the XOZ and YOZ planes are presented 

in Fig.6. From these figures, it is observed that RHCP and LHCP 

are radiated along the +z and -z directions, respectively, which 

shows good symmetry in both directions.  

The vector electric field distributions of the proposed Antenna 

3 in CP mode at 890 MHz structure for different phase angles (00, 

900, 1800, and 2700) are illustrated in Fig.7. These field 

distributions are observed at a distance of 𝜆0/4 from the antenna 

structure. Electric field vectors at 00 phase angle show that the 

predominant radiating vectors are in the direction of ‘-x and -y’, 

for 900, 1800, and 2700 they are directed in ‘-y and +x’, ‘+x and 

+y’, and ‘+y and -x’ respectively. In other words, after each 

quarter-period, the electric field vectors rotate in the 

counterclockwise direction by 900 in the +z direction, which 

explains RHCP. The same trace is observed for LHCP in the 

opposite direction. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.5. 2D radiation patterns at 890 MHz in XOZ (Phi = 00) and 

YOZ (Phi = 900) planes. (a) Antenna 1 (b) Antenna 2 (c) 

Antenna 3 in CP mode (d) Antenna 3 in LP mode 

 
(a) 

 
(b) 

Fig.6. 2D simulated LHCP/RHCP radiation patterns at 890 MHz 

in XOZ (Phi = 00) and YOZ (Phi = 900) planes. (a) Antenna 2 (b) 

Antenna 3 in CP mode. 

 

Fig.7. Electric field distribution at a λ0/4 distance from proposed 

antenna in + z direction radiating RHCP for different phase 

angles (00, 900, 1800, 2700) 

3.2 EXPERIMENTAL VALIDATION 

The fabricated prototype models were tested for reflection 

coefficient with a vector network analyzer (VNA) is represented 

in Fig.8. To obtain the measurement of antenna far-field 
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parameters such as gain, axial ratio, and radiation patterns, the far-

field experimental setup is depicted in Fig.9. The measurement 

setup is arranged in an anechoic chamber with an RF signal 

generator, spectrum analyzer, two broadband double-ridged horn 

antennas (DRHA), and a regulator power supply to bias PIN 

diodes. In the broadside direction, axial ratio and gain are 

measured.  

Fig.4 and Fig.10 reveals that both simulated and experimented 

results (S11, axial ratio, and gain) are in good agreement in the 

universal UHF RFID band. From the measurement results, the -

10 dB operating bandwidth of Antenna 3 in CP mode is slightly 

shifted towards the lower frequency end. The measured axial ratio 

curves related to Antenna 2 and Antenna 3 in both CP and LP 

modes are represented in Fig.10 (b). In CP mode, the axial ratio 

value below 3 dB is achieved, and in LP mode the axial ratio value 

is more than 14 dB. This reveals that axial ratio requirements for 

linear and circular polarizations are met in the required band of 

operation. 

   

(a) (b) (c) 

Fig.8. Photographs of vector network analyzers Anritsu 

MS2037C and Keysight N9914A with measured reflection 

coefficient. (a) Antenna 2 (b) Antenna 3 in CP mode (c) Antenna 

3 LP mode. 

 

Fig.9. Far-field Measurements set up of proposed polarization 

reconfigurable antenna to measure axil ratio and gain. 

For Antenna 3 in CP and LP modes, the measured maximum 

gain is observed to be 3.03 dB and 3.13 dB respectively 

(simulated gain for CP 3.54 dB and LP 3.34 dB). The reduction 

in gain values is due to feed connector losses, insertion loss due 

to PIN diodes, and manufacturing defects. Although these effects 

degraded antenna performance, which is tolerable in the operating 

band and the proposed polarization reconfigurable prototype is 

well suited for UHF RFID reader applications. The overall 

simulated and fabrication results are tabulated in Table 2.  

 
(a) 

 
(b) 

 
(c) 

Fig.10. Measured plots of designed antenna structures. (a) 

Reflection Coefficient (b) Axial ratio (c) Gain. 

The 2D simulated and experimented radiation plots are 

illustrated in Fig.11, which have been plotted at 890 MHz for 

considered designs. All the structures radiate symmetrical 

bidirectional radiation patterns and the 2D radiation measurement 

plots in XOZ and YOZ planes well-matched with simulated ones. 
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(a) 

 
(b) 

 
(c) 

Fig.11. Measured 2D radiation patterns in XOZ and YOZ planes 

(a) Antenna 2 (b) Antenna 3 in CP mode (c) Antenna 3 in LP 

mode 

3.2 COMPARISON OF WIDEBAND UHF RFID 

READER ANTENNAS 

In this section, proposed antenna structures compared with the 

earlier works [11]-[14], is listed in Table 3. All the antennas in the 

earlier works produce broadband width and wide CP radiation, 

which are beneficial when tags are in random orientation. But LP 

antennas provide higher reader ranges than CP antennas and 

exhibit good performance in several applications where tags are 

in the known orientation. By comparing these structures, the 

proposed Antenna 2 gives comparable impedance and CP 

bandwidths, compact size, and suitable gains over the desired 

RFID frequency band. The proposed Antenna 3 radiates both CP 

and LP waves and offers polarization adaptability in various RFID 

applications, which is proposed in this communication.  

Table.2. Overall simulated and fabricated results 

Parameters 

Antenna 1 Antenna 2 Antenna 3 Antenna 3 

LP Mode CP Mode CP Mode LP Mode 

Simulated Simulated Measured Simulated Measured Simulated Measured 

fc (GHz) 0.925 0.92 0.945 0.885 - -- and 0.935 0.949 

S11 ≤ -10 dB fL - fH (GHz) 0.78 - 1.07 0.77 - 1.07 0.79 - 1.10 0.7 -1.07 <0.70 - 1.07 <0.70 - 0.76 and 0.81 - 1.06 0.838 - 1.06 

Impedance B.W (MHz)/%B.W 290/31.35 300/32.60 310/32.8 370/41.80 >370/-- > 60/-- and 250/26.7 222/23.39 

Axial ratio ≤ 3 dB fL - fH (GHz) NA 0.84 - 1.13 0.845 - 1.13 0.84 - 1.13 0.825 - 1.07 NA NA 

3dB Axial ratio BW(MHz)/%BW NA 290/29.44 285/28.86 290/29.44 245/25.86 NA NA 

Peak gain (dB) 3.75 3.74 3.50 3.54 3.03 3.34 3.13 

Table.3. Comparison of proposed RFID antennas with earlier works 

Ref. No. fc (MHZ) Impedance (MHz)/%BW 3dB Axial ratio BW (MHz)/%BW Gain (dB) Dimensions (mm3) 

[12] 931 142/15.3 166/17.7 -- 126×121×0.8 

[13] 886 307/34.6 232/24.3 3.6 114×114×0.8 

[14] 870 420/48.3 380/39.4 3.67 114×114×0.8 
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[15] 808 380/47 332/34.7 3.41 120×120×0.8 

Antenna 2 945 310/32.8 285/28.86 3.50 114×114×0.8 

Proposed  

Antenna 3 

CP mode         -- >370/-- 245/25.86 3.03  

114×114×0.8 LP mode 950 221/23.26 NA 3.13 

4. CONCLUSION 

In this communication, a compact polarization reconfigurable 

CPW fed UHF RFID reader antenna prototype model is 

experimentally tested and is well-matched with simulation results 

in the desired band. The designed antenna gives the desired 

performance over the UHF RFID band of 840 MHz to 960 MHz 

and produces both linear as well as circular polarization by 

biasing the PIN diodes. Hence this design exhibits polarization 

adaptability in various applications to provide a higher reader 

range (LP mode) and identification of randomly oriented tags (CP 

mode). This design achieves good impedance bandwidth, axial 

ratio, gain, and symmetrical bidirectional radiation 

characteristics. The maximum measured gain obtained with 

reconfigurable antenna (Antenna 3) in CP and LP modes is 3.03 

dB and 3.13 dB, respectively. This design is well suitable for 

worldwide UHF RFID reader antenna applications.  
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