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Fig. 1. Metamaterial spatial analog optical computing
device designed by 4F system method!.
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Fig. 2. Metamaterial spatial analog optical computing devices designed by 4F system method: (a), (b) MIM plasmon metasurface

and corresponding reflective intensity distribution”; (c), (d) dendritic plasmon metasurface and corresponding reflective intensity

distribution!'"l; (e), (f) schematic of unit cell of SOI-based on-chip metasurface and corresponding first-order differentiator'?; (g),

(h) ODE and IDE solvers based on silicon metasurfaces and corresponding electric field simulation results('%l.
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Fig. 3. Spatial analog first-order differentiator based on plates and multilayer films: (a) PSBG differentiator and corresponding

transfer functionl?!;

based differentiator and experimental results of edge detection!®l.
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Fig. 4. Grating/metamaterial-based spatial analog first-order differentiator: (a) Differentiator based on all-dielectric grating and ex-

perimental results of edge detection®’; (b) differentiator based on structure-symmetry-broken SRRs and corresponding transfer

function®l; (c) dielectric-metal metasurface differentiator and experimental results of edge detectionl®].
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SPECIAL TOPIC—Optical metamaterials

Advances in spatial analog optical computing devices”
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Abstract

Spatial analog optical computing devices possess the capability of high-throughput, real-time and low-
energy information processing. Optical metamaterials, which are ultracompact in structure and possess powerful
ability to control the light, can be utilized to establish miniatured and integrated spatial analog optical
computing devices. The methods of designing the spatial analog optical computing devices could be mainly
classified as two kinds—4F system method and Green’s function method. The 4F system method requires two
Fourier transform lenses and a spatial frequency filter, where the actual computing procedure is performed in
the spatial domain. The 4F system is usually bulky and complicated. The Green’s function method directly
leverages the nonlocal response of the carefully tailored optical materials to implement analog computing
procedure in the spatial frequency domain and its structure is compact without extra Fourier transform
components. Research advances in spatial analog optical computing devices by using these two methods for the
last few years are introduced in this paper. These researches could be classified as differentiators, integrators,
equation solvers and spatial frequency filters according to the standard of computing functions. The approaches
to designing these devices are further demonstrated. Then, computing devices which could realize spatial analog
first-order difference by use of the spin-orbit interaction proposed recently are introduced. Finally, application

fields and study prospects of spatial analog optical computing devices are discussed and summarized.

Keywords: spatial analog optical computing, optical information processing, metamaterial, multilayer film
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