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Motivation 

• Airborne meteorological radar antennas are critical for detecting severe 
weather ahead of aircraft.  

• Existing dual-circularly polarized antennas often suffer from large profiles, 
complex feeding structures, or limited integration, making them less suitable 
for compact airborne platforms.  

• A compact, low-profile, polarization-switchable antenna with left-hand circular 
polarization (LHCP), right-hand circular polarization (RHCP), and linear 
polarization (LP) capability is needed for multifunctional airborne 
meteorological radar and communication systems. 
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Main idea 
 A compact polarization-switchable metasurface antenna is proposed for X-

band airborne meteorological radar and communication systems.  

 The antenna can realize LHCP, RHCP, and synthesized LP within one 
shared aperture.  

 Aperture sharing is achieved by allowing two radiating patch elements to 
be shared between both circular polarization (CP) channels.  

 A sequential-rotation feeding array network is used to provide equal-
amplitude signals with 90° phase differences, improving circularly 
polarized radiation.  

 A metasurface layer is loaded above the feeding patches to enhance the 
CP bandwidth and gain.  ENGINEERING Inform Technol Electro
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Method 
 The proposed antenna consists of a sequential-rotation feeding array 

sharing two elements and an upper rectangular-patch metasurface array.  

 The lower feeding array contains four corner-cut patches, impedance-
matching stubs, and quarter-wavelength phase-power matching lines.  

 A 4×4 metasurface sub-array is placed above each corner-cut patch to 
excite circularly polarized resonant currents and improve the bandwidth 
and gain.  
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Method 
 The sequential-rotation feeding array network provides equal-amplitude 

signals with a 90° phase difference to the four radiating patches.  

 Characteristic mode analysis is used to explain the circularly polarized 
radiation mechanism of the metasurface. Modes 1 and 2 form a pair of 
degenerate modes with strong main-beam radiation capability.  

 By exciting the two CP ports simultaneously with amplitude- and phase-
matched signals, the antenna can synthesize linearly polarized radiation. 

Fig. 2 Geometry of the proposed antenna array: (a) 3D view; (b) top view of the sequential-rotation feeding array 
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Conclusions 
A compact, low-profile, and multifunctional polarization-switchable 
metasurface antenna is developed for X-band airborne meteorological 
radar and communication systems. By combining an aperture-sharing 
feeding topology with a shared re-resonant metasurface layer, the 
antenna realizes LHCP, RHCP, and synthesized LP radiation without 
increasing the aperture size. The measured results demonstrate a wide 
impedance bandwidth of 9.6–14 GHz, a 3-dB gain bandwidth of 10.6–
13.56 GHz, a measured peak gain of 12.83 dBi, and stable dual circularly 
and linearly polarized radiation characteristics. The antenna also shows 
microwave imaging capability for hail and raindrop clusters, indicating its 
potential for meteorological detection. In summary, the proposed antenna 
provides a compact and effective solution for multifunctional airborne 
radar and communication platforms by balancing wideband performance, 
polarization versatility, and strict size constraints. 
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