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Abstract 
 

A compact circularly polarized antenna having x-slot in the parasitic patches have been proposed in this article. Four driven patches 

which are capacitively loaded with the help of the feeding loop and four parasitic patches which generate circular polarization because of 

the sequentially rotated structures are noticed in the proposed modal. With combination of the CP mode with the feeding loop we can 

observe the broadened axial ratio bandwidth. Comparative analysis has been observed for each side facing driven elements and side and 

edge facing parasitic elements with X-slot have been observed. The proposed antenna works at the bands of 5.04-5.83GHz and 6.34-6. 

81GHz which works for WLAN application. The proposed modal and its iterations have been analyzed using ANSYS EM Software. The 

results show an enhanced impedance bandwidth of 22 percent and axial ratio bandwidth of over 15percent has been noticed in the pro-

posed modal. A constant gain has been noticed all over the analyzed modals. 
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1. Introduction 

A broadband circularly polarized antenna having compact size is 

proposed in [1] and is designed with a loop feeding structure 

which will provide sequential phase, four driven patches and four 

parasitic patches. The axial ratio can be widened by adding all 

these patches. By simulating in HFFS, graphs are plotted between 

Reflection coefficient and frequency, Axial ratio and frequency, 

Gain and frequency, Radiation efficiency and frequency. Antenna 

gain is described as how well antenna converts input or given 

excitation into the radio waves moving in specified direction. A 

low RCS and high gain circularly polarized antenna with is pro-

posed in [2] and is operated at a frequency range of 6 GHz and 

reflection coefficient, gain and axial ratio bandwidth are calculat-

ed. S11 is one of the scattering parameters and it is a reflection 

coefficient and axial ratio is defined as the ratio between minor 

and major axis of polarization of eclipse. Dipole antenna means 

two poles or two conductors or two wires lying on the same plane 

of axes. A magneto-electric dipole antenna was proposed in [3]. 

That antenna structure consists of rotationally symmetric patches 

with two identical elliptical arcs that will function as respective 

magnetic dipole, and two vertical patches together with reflector 

acts as respective electric dipole. Omni directional antenna is a 

type of antenna which when it is excited the output radiation is 

distributed in all directions and it was used in applications such as 

GPS, Satellite and radar. One such antenna was proposed in [4] 

which consisting of two dielectric substrates, four shorting pins 

and one feeding pin. The radiation is realized at the azimuth plane. 

Impedance, right hand circularly polarized gain at azimuthal plane 

are determined. Dual band compact circularly polarized antenna is 

proposed in [5] which operates at L2 band (1.215 GHz) and L1 

band (1.575 GHz) is designed to use in GPS Applications.  

 

The impedance curve versus frequency is utilized to study the 

resonance point and radiation performance. Frequency – VSWR, 

Frequency – Radiation efficiency, Frequency – Gain and Axial 

ratio for both L1 and L2 bands are determined. The radiation per-

formances were calculated in the anechoic chamber and both the 

RHCP and LHCP gains are observed and analyzed at certain fre-

quency ranges. Single feed circularly polarized antenna with ultra 

wide band and front back ratio was proposed in [6] in which it is 

consisting of two orthogonally placed elliptical dipoles on both 

sides of the substrate. To analyze the performance of antenna the 

VSWR, Axial ratio, radiation pattern and antenna gain are deter-

mined. Both the RHCP and LHCP radiation pattern are obtained at 

a certain frequency and to analyze the ultra wide band characteris-

tics, the electric field distributions are determined at 1GHz, 

1.8GHz and 2.6GHz. Bow-tie antenna is also called as butterfly 

antenna is used for short range television reception.  

A circularly polarized and cavity backed asymmetric crossed bow-

tie dipole antenna was proposed in [7] and reflection coefficient, 

frequency, axial ratio is determined. Cavity backed reflector is 

constructed using 5 copper plates. Impedance matching, and Axial 

ratio bandwidths are appropriately combining radiation from 

crossed dipole and asymmetric orthogonal slots. Compact circular-

ly polarized antenna with 3-db axial ratio bandwidth was proposed 

in [8] in which the s parameters, axial ratio and frequency graphs 

are compared and the minimum 3db AR beam width and half 

power beam width with various ground sizes are also determined. 

For perfect circularly polarized antenna the polarizations are equal 

(ratio of 1db or 0db), whereas elliptical polarizations are some-

where in between. Usually the bandwidth/beam width of below 

3db axial ratio is regarded as the useful operating range of circu-

larly polarized antenna. The ka-band frequency range circular 

polarization microstrip antenna was proposed in [9] and 3-db axial 

ratio bandwidth, return loss was determined. The antenna consist-

ing of four elements operating at ka band frequency range that is 
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26 to 40 GHz employs the sequential rotation method. Microstrip 

patch elements are used and symmetrically positioned with L 

shaped branches and a spatially rotated parallel or series feed net-

work. The designed antenna can be integrated with millimeter 

wave active circuits and can find the applications in phased array 

radar and satellite communication systems.  

A Novel design of dual band circularly polarized array antenna is 

proposed in [10] which consists of four truncated patches and one 

other patch on bottom layer. By this the impedance bandwidth lies 

in between 5.21 to 5.88 and 9.32 to 9.48 GHz whereas the cp 

characteristic lies in 5.24 to 5.86 and 9.32 to 9.46 GHz. A dielec-

tric resonator antenna with superstrate is designed and analyzed in 

[11] which the superstrate behaves as a polarizer to achieve circu-

lar polarization with impedance bandwidth of 73.67% at 5.81 GHz 

operates in the frequency band of 3.68 to 7.96 GHz. A wide band 

circularly polarized open ended hexagonal slot antenna is pro-

posed in [12] in which the open ended hexagonal slot is excited by 

asymmetrical feed line to achieve circular polarization. The anten-

na is designed with FR4 substrate and Impedance bandwidth rang-

es from 3 to 10.4 GHz which is more prominent in UWB applica-

tions. A compact size multiband meta material-based antenna with 

circular polarization property is proposed in [13] in which the 

antenna operates at Bluetooth (2400 to 2484 MHz), Wi-Max, and 

c-band (4-8 GHz). Linear to circular polarization conversion with 

wide band and wide-angle performances was presented in [14] 

with the help of multiband reflection mode linear to circular con-

verters. Three single fed circularly polarized square patch antenna 

structure for wireless applications was proposed in [15] in which 

the antenna resonates from 1.5 to 1.8 GHz by covering L-Band 

GPS and GSM 1800 band. Researchers proposed numerous mod-

els for linear and circularly polarized antennas [16-20]. 

2. Antenna Design 

The proposed modal is designed using rogers RT DUROID 5880 

material which is having relative permittivity of 2.2 and loss tan-

gent of 0.0009 and having a dimension of 50*50*1. 524.A trip 

which looks like a fan shaped has been placed to provide 90 de-

grees phase shift and a coaxial feeding has been placed to that fan 

shaped strip. Four square patches and four trunked square patches 

are placed to get the circular polarization. The proposed antenna 

has been optimized using ANSYS EM software. The geometric 

structures have been seen in the table 1. 

       
              (a)Model-1                                          (b)Model-2 

 

 

        
               (c)Model-3                                         (d)Model-4 

                       

                                (d)Model-5 

                             Fig:1 Iterations of the antenna model 

 

 

Fig:2: Layout of the proposed antenna 
 

                            Table 1: Dimensions of the proposed antenna 

Parameter Value(mm) 

w 50 

w1 12 

w2 12 

l1 12.9 

l2 8.5 

r1 1 

r2 3 

d 2 

3. Result Analysis 

As shown in figure-3 and 4, Return loss and Axial ratio are plotted 

against frequency of models 1 to 5. Return loss and axial ratio is 

plotted against frequency for the proposed antenna which consists 

of x-slots on all radiating patches in figure-3. From figure-1, Mod-

el-1 which consists of two opposite vertical x-slots on patches, the 

return loss frequency is covered from 5.25 to 5.81 GHz and the 

bandwidth is 0.56 GHz. Model-2 has two opposite horizontal 

patches got the return loss frequency from 5.4 to 6.6 GHz and the 

bandwidth is 1.2 GHz. Model-3 and Model-4 have two opposite 

cuts diagonally whereas the return loss covers from 5.48 to 6.17 

GHz and 5.46 to 6.34 GHz with bandwidth of 0.69 and 0.88 GHz 

respectively. Model-5 has no x-cuts on radiating patches and for it 

the return loss frequency is from 5.54 to 6.7 GHz and bandwidth 

is 1.16 GHz. Simultaneously the Axial ratio plot against frequency 

was shown in figure-2 in which the 3dB bandwidth for model-1 is 

0.21 GHz, for model-2 is 0.35 GHz, for model-3 is 0.19 GHz, for 

model-4 is 0.17 GHz, and for model-5 is 0.2 GHz. The Return loss 

and Axial ratio plot against frequency for the proposed antenna 

was shown in figure-3 in which the return loss covers two bands 

from 5.04 to 5.83 GHz and 6.34 to 6.81 GHz with a bandwidth of 

0.79 and 0.37 GHz respectively and with a notch in the middle of 

these two bands. The axial ratio almost covered the band that was 

covered by return loss with a 3dB bandwidth of 0.36 GHz. 
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Fig 3: Return loss v/s Frequency graphs for iteration 1 to iteration 5. 

 

 

Fig 4: Axial ratio v/s Frequency graphs for iteration 1 to iteration 5. 

 

Fig5: Return loss and Axial ratio v/s Frequency graph for proposed model 

Table 2: Antenna Return loss bandwidth 
s.no Model Frequency Cov-

ered(GHz) 

Bandwidth(GHz) 

1 Model-1 5.25 – 5.81 0.56 

2 Model-2 5.4 – 6.6 1.2 

3 Model-3 5.48 – 6.17 0.69 

4 Model-4 5.46 – 6.34 0.88 

5 Model-5 5.54 – 6.7 1.16 

6 Proposed 
Model 

5.04 – 5.83 
6.34 – 6.81 

0.79 
0.37 

 

Table 3: Antenna axial ratio bandwidth 

s.no Model Frequency Cov-

ered(GHz) 

AR Bandwidth(GHz) 

1 Model-1 5.45 – 5.66 0.21 

    

2 Model-2 5.21 – 5.55 0.35 

3 Model-3 5.31 – 5.50 0.19 

4 Model-4 5.25 – 5.42 0.17 

5 Model-5 5.4 – 5.6 0.2 

6 Proposed 
Model 

5.25 – 5.61 0.36 

                               

 

Fig 6: Parametric analysis by varying parameter slot width. 

 

 

Fig 7: Parametric analysis by varying parameter slot height. 

    

  

(a)                                 (b) 

Figure 8(a) : Gain LHCP and RHCP at E-Plane at 5.3GHz (b)Gain LHCP 

and RHCP at H-Plane at 5.3GHz 
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(c)Total Gain at 5.32 GHz 

 

 

                                          (a)  

 

                                 (b) 

Figure 9: (a) Gain LHCP and (b) RHCP 3Dpolar plot 

  

(a) 

   

(b) 

Figure 10(a): Current distribution at 5.32 GHz, (b) Current distribution at 

6.47 GHz 

4. Conclusion 

A compact circularly polarized antenna having X-Slots has been 

analyzed iteration wise. A two-sided x-slot for each iteration have 

been observed. Later for all iteration the x-slots has been incorpo-

rated and it gets a wider impedance bandwidth of over 22 percent 

and higher axial ratio of 15 percent has been achieved. The pro-

posed antenna works at the band of WLAN application. In addi-

tion to that a flat gain response and a good radiation efficiency has 

been noticed in the proposed antenna. 
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