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Multifunctional metasurface image display
enabled by merging spatial frequency
multiplexing and near- and far-field multiplexing
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Abstract: Metasurface can precisely modulate the fundamental properties such as polarization, amplitude,
frequency, and phase of optical waves at the subwavelength scale. Based on this background, we propose and
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experimentally verify a multifunctional metasurface image display technology enabled by merging spatial frequency
multiplexing and near- and far-field multiplexing. In near- and far-field multiplexing, the orientation degeneracy of
nanostructures is introduced to combine geometric phase modulation and light intensity modulation, which leads to
independent coding of near-field grayscale image and far-field holographic image displays by using simulated
annealing algorithm. In spatial frequency multiplexing, different spatial frequency components of two images are
added together to generate a hybrid image for hologram design. Since people receive different spatial frequency
parts when the observation position changes, both high-frequency and low-frequency images can be easily
distinguished. In our experiment, three independent images (a grayscale image, a high-frequency image and a low-
frequency image) can be displayed simultaneously at different distances, which explains that our multifunctional
metasurface has enhanced information storage capacity. This work provides a new path for multifunctional
metasurface design, and possesses broad applications in optical encryption, optical anti-counterfeiting, and many
other related fields.

Keywords: metasurface; orientation degeneracy; near- and far-field multiplexing; spatial frequency multiplexing;
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Fig. 1 Schematic diagram of the multifunctional metasurface image display enabled by merging spatial frequency
multiplexing and near- and far-field multiplexing
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grayscale nanoprinting image in the near-field; (b) The experimental setup to observe the holographic image in the far-field
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Fig. 7 Experimentally captured nanoprinting images in the near-field. (a) Experimental nanoprinting image under white light illumination;
(b-e) Experimental nanoprinting images at different wavelengths
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Fig. 8 Design and experimental results of holographic images in the far-field. (a) Designed holographic image; (b-e) Experimentally captured
holographic images at different wavelengths; (f) High spatial frequency components of the designed image; (g-j) High spatial frequency
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Multifunctional metasurface image display
enabled by merging spatial frequency
multiplexing and near- and far-field multiplexing

Zhou Yuchongl, Ding Weijunl, Li Zile"*, Liu Hongchao3, Fu Rao', Dai Qil‘z*, Zheng Guoxingl'z*
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Schematic diagram of the multifunctional metasurface image display enabled by merging spatial
frequency multiplexing and near- and far-field multiplexing

Overview: Metasurface, which is capable of flexibly controlling the polarization, amplitude, frequency, and phase of
light waves, provides substantial possibilities for the development of high-performance, high-efficiency, and high-
integrated optical systems. The precise control of optical properties is achieved mainly by adjusting shapes, geometric
parameters, rotation states, multi-atom combination strategies, incident angles, or material refractive indexes of
metasurfaces. This feature of multiple design degrees of freedom means that metasurfaces can be utilized for
synchronously controlling multiple optical properties, and the information capacity, as well as functionality, can be
greatly improved. For example, multiple nanoprinting image switching and encoding can be realized by establishing a
coherent pixel design strategy. Near-field nanoprinting and far-field holographic image displays are simultaneously
accomplished with a single metasurface, which combines amplitude and phase modulations by introducing orientation
degeneracy.

%n this ypaper, we propose and experimentally verify a multifunctional metasurface enabled by merging spatial
frequency multiplexing and near- and far-field multiplexing. In near- and far-field multiplexing, the geometric phase
modulation and the light intensity modulation are combined by introducing the orientation degeneracy of
nanostructures. A “one-to-four” strategy is established to generate four different phase delays while keeping identical
light intensity, then near-field nanoprinting and far-field holographic image displays are both successfully achieved with
a single-sized metasurface. As is known, people receive different spatial frequency components of an image when the
observation distance changes. Based on this principle, we chose the high-frequency component of an image (P,) and the
low-frequency component of another image (P,) as the high-frequency and low-frequency images, and designed their
hybrid image to be the target holographic image for spatial frequency multiplexing. In our work, SOI material is used to
design and fabricate the multifunctional metasurface, and experimental results verify that three images (a grayscale
image, a high-frequency image, and a low-frequency image) can be easily observed at different distances. Specifically, a
polarizer and an analyzer are employed to realize specific polarization control for the near-field grayscale image
decoding. On the other hand, the circularly polarized laser light is used to reconstruct the holographic image in the far-
field, and then another two images can be decoded by high- and low-pass filtering. This work provides a new path for
multifunctional metasurface design, and possesses broad applications in optical encryption, optical anti-counterfeiting,
and many other related fields.

Zhou Y C, Ding W J, Li Z L, et al. Multifunctional metasurface image display enabled by merging spatial frequency
multiplexing and near- and far-field multiplexing[J]. Opto-Electron Eng, 2023, 50(8): 230153; DOI: 10.12086/0ee.2023.
230153
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