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Design and Implementation of an X-Band Liquid-Crystal-Based Active
Reflectarray Antenna
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Abstract

The fabrication and design of a liquid crystal (LC)-based X-band reflectarray antenna are described. A high-efficiency re-
flectarray antenna was achieved by defining and optimizing its efficiency parameters. Considering the high loss tangent of the
LC, the equivalent circuit of the lossy medium was modeled, and the reflection loss of the unit cell was minimized. Furthermore,
a 2X2 patch array antenna was employed to optimize the spillover and taper efficiency. To minimize blockage loss, the re-
flectarray was designed by employing offset feeding, resulting in an aperture efficiency of 26 % in the broadside direction.
Measured beam patterns were obtained by changing the applied bias voltage, and the simulated results were obtained by changing
the permittivity of the LC. Consequently, the permittivity of the LC was determined by comparing the measured and simulated
results.
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Fig. 1. Fundamental structure of the LC-based reflectarray unit
cell.
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Table 2. Specification and size of the designed unit cell.
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Fig. 13. Measurement setup and measurement results.
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Table 4. Comparison of electrical performance of LC-based

reflectarrays.
Performance [10] [11] [12] This work
Freq (GHz) 10 78 96~102 | 935
Max. gain (dBi)| - 25.1 19.4 16.58
Aperture
efficiency (%) - 6.77 18.5 26
Steering axis 1D 1D 1D 1D
SLL (dB) - —6 —13 —12.1
Dimension | 040 | 75x75 | 102102 | 120%120
(mm’)
Polarization LP LP LP LP
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Fig. 14. Comparison between simulated and measured
results versus bias voltage.
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