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Metasurface-based Optical Field Manipulation Technologies and Applications
SUN Shuo', CHEN Liang', LI Jin®
(1. College of Optical and Electronic Technology, China Jiliang University , Hangzhou 310018, China; 2. School of Instrument
Science and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: Metasurfaces are composed of subwavelength artificial micro- and nanostructures arranged on a two-dimensional plane.
Through mechanisms such as local scattering, resonant coupling, geometric phase, propagation phase, and nonlocal responses,
metasurfaces enable precise control over the phase, amplitude, polarization, frequency, orbital angular momentum, and propaga-
tion modes of optical fields. Unlike conventional optical elements, which rely on propagation-phase accumulation in bulk media,
metasurfaces can realize complex wavefront reconstruction at interfaces with nanoscale thickness, offering advantages including ul-
trathin form factors, lightweight architectures, ease of integration, and multifunctional multiplexing. In recent years, driven by ad-
vances in high-efficiency dielectric metasurfaces, broadband achromatic metalenses, complex-amplitude holography, metasurface-
based light-field imaging, dynamically reconfigurable devices, and intelligent inverse -design methodologies, metasurface-enabled
optical field manipulation has evolved from fundamental wavefront control toward a broad range of applications, including imag-
ing, display, sensing, communication, cloaking, and optical computing. This review focuses on the physical mechanisms, design
methodologies, enabling technologies, and representative applications of metasurface - based optical field manipulation. Centered
on the multidimensional control of optical - field degrees of freedom, it critically examines representative advances in abrupt phase
modulation, high - efficiency dielectric platforms, dispersion engineering, multidimensional multiplexing, optical - field imaging,
augmented-reality displays, dynamic holography, and precision sensing. It further elucidates the intrinsic relationships among dif-
ferent physical mechanisms, design strategies, and functional applications. Moreover, it analyzes the key challenges in terms of
efficiency, bandwidth, field of view, fabrication, dynamic tunability, and system-level integration. Finally, future trends in meta-
surface - enabled optical field manipulation are discussed, with particular emphasis on intelligent design, programmable planar op-
tics, computational imaging, and optoelectronic integrated systems.
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Figure 1 Three-dimensional holography based on
Pancharatnam-Berry phase metasurfaces!”!
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Figure 2 Oblique-incidence stealth device based on broad-

band achromatic metasurface ')
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Figure 3  Full - color three - dimensional augmented reality

display system based on inverse - designed meta-

surfaces!”!
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imaging'*!!
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