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Abstract: Reflectarray antennas have been widely used in satellite communication, microwave remote sensing, and
radar systems due to their advantages of high gain, low cost, and flexible beam control. However, with the ever-increasing
demands for anti-interference capability, signal quality, system reliability, and operational safety in modern wireless com-
munication and sensing systems, achieving low sidelobe level (SLL) with high aperture efficiency has become a critical re-
search focus in reflectarray antenna design. While conventional phase-only synthesis methods are limited in their ability to
suppress sidelobes, existing amplitude-phase joint control techniques often suffer from significant efficiency losses due to
the poor consistency of element reflection amplitude. To address the above problems, this paper proposes a metasurface-
based reflectarray antenna design with low SLL and high aperture efficiency. A novel non-uniform line-width I-shaped
metasurface reflection element has been developed. By non-uniformly designing the line widths of the symmetric split ring
and cut wire to control the surface current distribution under different resonant modes, the fluctuation of reflection ampli-
tude during the phase tuning process is effectively suppressed. Full-wave simulation results demonstrate that the proposed
element not only achieves continuous phase tuning of 0°~360° and amplitude control of 0~1, but also restricts the reflection
amplitude fluctuation to less than 0.03 during phase tuning. This superior amplitude consistency is beneficial for achieving
high aperture efficiency in reflectarray antennas. Based on the proposed element and Taylor weighting technique, a linearly

polarized reflectarray antenna with circular aperture of 193.3 mm in diameter (9.64, at 15 GHz) is designed and fabricated.
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Measured results indicate that a peak gain of 26 dBi along with a circular aperture efficiency of 43.17% and SLL below
—24.8 dB have been achieved as well as a cross-polarization level (XPL) under —17.6 dB at 15 GHz. The 1-dB gain band-
width reaches 18% (15~18 GHz), within which the aperture efficiency remains above 38%. The 2-dB SLL bandwidths are
approximately 17.0% (15~17.8 GHz) in the H-plane and 16.9% (15.2~18.0 GHz) in the E-plane. All measured results are in
favorable agreement with the corresponding simulations, verifying the effectiveness of the proposed design method. Further-
more, compared with state-of-the-art designs reported in the open literature, the proposed reflectarray antenna has the advan-

tages of low SLL, high aperture efficiency, and low XPL. This work provides a feasible and effective technical solution for
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high-performance reflectarray antennas.
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Figure 1 Proposed reflectarray element
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Table 1~ Structural parameters of the proposed reflectarray element
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Table 3 Performance comparison of the designed reflectarray with state-of-the-art works
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