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Abstract: In wide-angle beam-steering applications employing cascaded liquid crystal polarization gratings
(LCPGs), diffraction efficiency exhibits significant angular dependence, leading to substantial fluctuations
in system-level energy stability. To address this critical limitation, this study systematically investigates
the role of the cascading sequence in modulating the diffraction efficiency uniformity of a two-dimensional
beam-deflection architecture, with the objective of establishing an optimal design paradigm for achieving
highly uniform diffracted energy distribution. An optimization framework is developed based on a
uniformity evaluation factor as the objective function, and the performance of devices under both ideal and
realistic liquid crystal waveplate conditions is compared to elucidate the underlying mechanisms governing
the influence of cascade order on efficiency uniformity. Our results reveal that, in a cascaded system
employing liquid crystal waveplates with superior modulation performance, placing a large-angle grating at
the front end of the cascaded chain can effectively suppress the edge attenuation of the diffraction efficiency
distribution. For a field of regard of 50° X 50°, the proposed sequence optimization reduces the maximum
total diffraction efficiency discrepancy between the central and peripheral regions from 40. 86 % to 13.71%
in transmit mode, and from 44.05% to 15.36% in receive mode. This work not only provides clear
theoretical guidelines for designing liquid crystal polarization grating systems with high energy uniformity
over wide steering angles, but also demonstrates the compatibility of the proposed optimization strategy
with shared-aperture transmit-receive architectures. These findings hold significant promise for advancing
compact beam-steering technologies in applications such as laser communication and lidar.
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Fig.1 (a) Schematic of azimuth diffraction subelements;
(b) Schematic of 2D wide-angle beam steering
structure incorporating azimuth and elevation dif-

fraction subelements.
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Fig.2 (a) Distribution of the evaluation function with cascaded sequence of transmit mode; (b) Distribution of the evalua-

tion function with cascaded sequence of receive mode.
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Fig. 3 Distributions of the non-uniformity of (a) ~(b) transmit mode and (c) ~ (d) receive mode over the angular

pointing array
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Fig.5 Maximum (a) and minimum (b) modulated degrees of circular polarization of the liquid crystal waveplate under

right-handed circularly polarized incidence; maximum (c) and minimum (d) modulated degrees of circular polariza-

tion under left-handed circularly polarized incidence.
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diffraction efficiency of the LCPG with polar angle
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