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Abstract

Controlling the interaction between light and matter through optical structures has laid the foundations for a 

broad spectrum of applications, ranging from colors, lasers, and optoelectronics, to quantum information 

processing. Optical metamaterials, 2D or 3D structures comprising subwavelength metallic or dielectric pixels, 

are a new class of material that enable precision tailoring of light–matter interactions. Optical metamaterials 

present properties beyond those found in natural materials that is possible to explore novel light–matter 

interaction phenomena. These salient features have unveiled an impressive assemblage of potential 

applications including the generation of ‘flat optics’ (e.g. metalenses) and ‘cloaking’ materials. 

Inspired by the natural hierarchical optical structures, we developed a series of optical metamaterials with a 

low spatial footprint and enhanced light-matter interaction. Deep-strong coupling of different optical structures, 

such as Fabry-Pérot interferometers, distributed Bragg reflectors, photonic crystals and grating structures, 

unlocks a large variety of novel phenomena spanning traditionally distant research areas. Moreover, we emerge 

compound optical structure materials with surface-functionalization, chemical regulation, and optoelectronic 

device which open prospects for diverse applications, including anti-counterfeiting, encryption, sensing, 

displays, photovoltaics and imaging.
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