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Fig. 7(b) shows that the axial ratio approaches its maximum 

value (AR ≈ 1, indicating optimal circular polarization) only 

near normalized frequency f/f�‹  ≈ 1. This can be attributed to 

the resonant nature of the slot radiator, despite the branchline 

coupler feed network providing equal-amplitude quadrature 

excitation over a ~10% bandwidth [27]. 

 

Fig. 8. Radiation patterns for left and right circular polarization 

 

 

Fig. 9. (a) Axial ratio at f/f0 = 1, (b) f/f0 = 0.98, (c) f/f0 = 1.02 

Fig. 8 presents the radiation patterns for right-hand (RHCP) 

and left-hand circular polarization (LHCP) at the center 

frequency (f/f�‹  = 1), at lower band-edge frequency 

(f/f�‹  = 0.98) and at higher band-edge frequency (f/f�‹  = 1.02). 

The choice of radiation pattern cut plane (Fig. 8) is non-

critical, as the antenna's symmetric design results in near-zero 

azimuthal pattern variation. 

The antenna gain is 6.5 dBi, with a half-power angular 

width of 90°. Furthermore, Fig. 8 indicates good polarization 

discrimination. The axial ratio for RHCP (RHCP/LHCP ratio 

in Fig. 8) is better than 0.8 over θ = [-90°; 90°] at the center 

frequency and remains above 0.65 at the frequency band edge. 

These high AR values across a wide angular sector stem from 

the excitation of orthogonal electric field components in the 

antenna's top plane [28]. 

Fig. 9 shows patterns of the axial ratio in normalized u/v 

coordinates. The elevation angle in Fig. 9 varies from -90° to 

90°. High values of the axial ratio are observed both for the 

zenith direction and for the periphery, up to the edge of the 

spatial hemisphere. It should be emphasized that the wide-

angle AR performance is enabled by the antenna's air-gap 

cavity design. Comparable low-profile antennas, such as 

conventional patch antennas [29] also employing an air 

substrate, achieve high AR values over only half the angular 

sector due to electric field confinement between the patch and 

ground plane. 

IV. CONCLUSION 

Slot antennas backed by a resonant cavity can provide 

circular polarization over a wide angular range (±60° or 

more). This cavity enhances polarization stability by shielding 

parasitic radiation and ensuring more uniform current 

distribution. This study has investigated a compact low-profile 

antenna with a diameter of 0.4λ�‹ , providing high axial ratio 

(high circular polarization purity) across a wide angular sector 

[-90°; 90°]. Compared to modern antennas of other types that 

form similar polarization characteristics, the proposed antenna 

features small transverse dimensions and can be used in 

applications where implementation compactness is important, 

including in small-sized antenna arrays. A limitation of the 

proposed antenna is its relatively narrow operating frequency 

band, limited by the slot radiator, which may not always be 

suitable for use in certain broadband systems. 

Thus, the antenna features a simple design with a 

quadrature feed circuit for circular polarization excitation and 

can be manufactured using modern techniques, including 

metal additive manufacturing (3D printing). 
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