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Recent Progress of Space-Time-Coding Digital Metamaterials and Metasurfaces
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Abstract Metamaterial is a research direction of interdisciplinary integration of physics, information, and
material sciences, which can be used to explore the nature of the interaction between electromagnetic waves
and matters. In recent years, metamaterials with spatiotemporally modulated parameters have attracted
great attention from related researchers all over the world. In the meantime, information metamaterials and
metasurfaces characterized by digital coding have powerful field programmable capabilities and can
manipulate electromagnetic waves and digital information simultaneously, hence they have become a very
promising research area. Among the information metasurfaces, space-time-coding digital metasurfaces have
already been used to control the space and frequency spectra of the electromagnetic waves, which integrate
the functions of energy radiation and information modulation, and regulate the electromagnetic waves and
digital information simultaneously in multi-dimensional domains. In this article, we will first briefly outline
the basic concepts and working principles of the space-time-coding digital metasurfaces, and then introduce
important research progress in this area over the past two years, including harmonic manipulations,
nonreciprocity effects, and intelligent wireless communications. Finally, we discuss the existing challenges

and future development trends of the space-time-coding digital metasurfaces.

Keywords information metasurfaces; digital coding; space-time-coding; nonreciprocity; wireless

communication; harmonic manipulation
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