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Abstract: The on-chip metasurface is introduced into integrated optical waveguides to achieve arbitrary modulation
of guided waves, which provides a convenient and versatile platform for the conversion between guided waves and
free-space functions. Despite previous explorations in on-chip holography demonstration, it still faces critical
challenges to expand the encoding freedom and multiplexing. Here, we propose and experimentally demonstrate a
quad-fold multiplexed holographic display optics device based on an on-chip metasurface. By mixing the detour
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phase and Pancharatnam-Berry (PB) phase, the on-chip metasurface couples the guided waves into free space in

circular polarization, destroying the phase degeneracy that exists in the wavevector directions with only the detour

phase. Moreover, by utilizing simulated annealing phase optimization algorithm and multiplexing, we achieved a

quad-fold multiplexed far-field holographic display with independent encoding capability. The proposed method in

this paper opens up a new prospect for multifunctional integration of on-chip metasurfaces and provides an

alternative approach for integrated optical communication with high information storage capacity.

Keywords: on-chip metasurface; guided wave; detour phase; Pancharatnam-Berry phase; directional-multiplexing;

far-field hologram.
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Fig. 1 Schematic diagram of the on-chip four-channel multiplexed holography. Four diverse holographic images ( “A/B/C/D” ) in the

far-field could be displayed by the on-chip metasurface integrated on the waveguide, when the laser source is end-fire
coupled into the waveguide along the +x and +y directions, respectively
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Fig. 2 On-chip metasurface mechanism for controlling the phase of extracted guided waves. (a) Schematic of the unit cell to compose the
on-chip metasurface; (b) The principle of guided wave extraction by combining the detour phase and geometric phase; (c) The correspondence

between discrete detour phases and the positions of meta-atoms in the unit cell; (d) The relationship between
discrete geometric phase delay and the orientation angle of the meta-atoms
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Fig. 3 Phase optimization flowchart for the on-chip quad-fold multiplexed holography
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Fig. 4 The sample fabrication flow chart of the on-chip quad-fold multiplexing holographic metasurface
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Fig. 5 Experimental verification for the on-chip quad-fold holography. (a) The overall SEM image and zoom-in SEM image of the fabricated

sample; (b) Optical experimental setup sketch for measuring on-chip quad-fold holography; (c) Target and experimental holograms
measured in the area corresponding to the target for guided waves incidence from the +x/ty direction, respectively
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Directional-multiplexing holography by
on-chip metasurface

Yang Rui', Yu Qianqianl, Pan Yiwei', Chen Sihan', Zhang Chen', Ye Hngl, Zhou Xinyaol, Shi
Yangyang', Wan Shuai', Liu Yang', Li Zhongyang"***

On-chip quad-fold multiplexed far-field holography

Overview: Photonic integrated circuits (PIC) serve as an essential and promising candidate to eventually replace
electronic circuits for the next-generation information processing. However, traditional PIC devices based on optical
waveguides are usually bulky and lack full control at the subwavelength scale to achieve arbitrary wavefront-shaping
functionalities. Recently, the invention of on-chip metasurface promotes the connection between guided and free-space
optics and realizes the arbitrary conversion of guided waves and free-space light. As a new type of on-chip nanophotonic
device, the introduction of metasurface onto the optical waveguide has made significant progress and exhibited multi-
functional conversion from the guided waves to free-space, including directional beam-steering emitters, mode-
conversion, on-chip lensing, optical router, and on-chip holography, etc. These on-chip nanophotonics devices provide
new avenues for photonic chip-scale devices and miniature on-chip systems. For instance, meta-holography is an
emerging and universal strategy based on engineered nanoantennas array to construct an optical-field image. However,
on-chip far-field holographs are limited for realizing multiplexing for multiple directions due to a lack the arbitrary-
encoding capability because their detour phases are complementarily related when the source propagates and excites the
on-chip array from either positive or negative direction. Here, we propose and experimentally demonstrate a quad-fold
multiplexed far-filed holographic display optics device based on an on-chip metasurface. This optics device is composed
of silicon nanopillar arrays on top of a planar waveguide of Si,N,, in which a relatively thick layer of silica serves as the
bottom cladding substrate. By mixing the detour phase and Pancharatnam-Berry (PB) phase, the on-chip metasurface
could couple the guided waves into free space in circular polarization. The phase degeneracy in the positive and negative
directions could be decoupled by selecting the desired circular polarization. Subsequently, utilizing a simulated
annealing phase optimization algorithm to optimize the phase required by holograms and the multiplexing technology
of on-chip directional, we achieved a quad-fold multiplexed far-field holographic display with independent encoding
capability. Eventually, to verify the on-chip quad-fold multiplexed holography performance, we fabricated an on-chip
metasurface sample by the conventional electron-beam lithography technique and the reactive ion etching processing.
Through end-fire coupling from the laser source at A = 650 nm into the on-chip metasurface sample along +x/+y -
directions, the far-field holographic images of the four letters ( “A”, “B”, “C”,and “D” ) multiplexing are successfully
observed at their corresponding areas. The method proposed here opens up new prospects for the multifunctional
integration of on-chip metasurfaces and provides an alternative approach for integrated optical communication with
high information storage capacity.
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2022, 49(10): 220177; DOI: 10.12086/0ee.2022.220177

Foundation item: Hubei Province Funds for Distinguished Young Scientists (2021CFA043), Wuhan Science and Technology Bureau
(2020010601012196), Recruitment Program of Global Experts (501100010871), The Natural Science Foundation of Jiangsu Province
(BK20220281), and Start-up Program of Wuhan University (501100007046).

'Electronic Information School, Wuhan University, Wuhan, Hubei 430072, China; *Wuhan Institute of Quantum Technology, Wuhan, Hubei
430206, China; *Suzhou Institute of Wuhan University, Suzhou, Jiangsu 215123, China

* E-mail: zhongyangli@whu.edu.cn

220177-10


https://doi.org/10.12086/oee.2022.220177
https://doi.org/10.12086/oee.2022.220177
mailto:zhongyangli@whu.edu.cn
https://doi.org/10.12086/oee.2022.220177

	1 引　言
	2 片上超表面四通道全息的工作原理及设计
	2.1 片上超表面单元结构设计及工作原理
	2.2 片上超表面四通道全息复用原理
	2.3 片上超表面四通道复用全息设计方案

	3 片上四通道复用全息实验验证
	3.1 片上四通道复用全息超表面的制备
	3.2 片上四重复用全息实验及结果分析

	4 结　论
	参考文献

