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Abstract: 

This work presents a UWB-to-narrowband reconfigurable microstrip patch antenna using 

varactor diodes, developed as a tunable unit cell architecture intended for intelligent reflecting 

surfaces (IRS) in future 6G communication systems. While evaluated at sub-12 GHz frequencies 

for prototype verification, the proposed design methodology is inherently scalable to millimetre-

wave bands. The proposed antenna initially exhibits an ultra-wideband (UWB) response from 

3.22 GHz to 11.26 GHz, covering an 8.04 GHz bandwidth. By integrating two SMV1405-040LF 

varactor diodes, the antenna’s operational mode is dynamically reconfigured to a narrower band 

from 5.11 GHz to 5.83 GHz (0.72 GHz bandwidth), targeting WLAN frequencies. The design 

inherits its geometry from a slotted UWB configuration to ensure structural stability and enable 

direct performance comparisons across tuning implementations. A reference configuration using 

copper bridges replaces the varactor diodes to emulate ideal switching conditions, thereby 
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isolating the effects of active tuning. Results confirm that bandwidth reconfigurability is 

achieved with minimal impact on gain and efficiency. The antenna demonstrates effective 

radiation control and tuning behavior, confirming its suitability for frequency-agile IRS 

metasurfaces. This approach offers a practical pathway for signal propagation optimization in 6G 

wireless networks operating in the Ka-band. 
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