Photopatterning of graphene oxide and other two-dimensional materials for highly integrated multifunctional devices
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Introduction 

Graphene oxide (GO) is a graphene sheet covalently decorated with various oxygen functional groups either on the basal plane or at the edge. It is an attractive material due to a unique set of physical and chemical characteristics arising from the hybridization of sp2 and sp3 carbon atoms. Moreover, the electronic and optical properties of GO can be tailored by manipulating the size, shape and relative fraction of the sp2-hybridized domains during its reduction process, making it an emerging versatile platform for integrated device applications. 

Results and discussion

[bookmark: _GoBack]The reduction of GO can be seen as the removal of the oxygen functional groups. Being free of the high temperature or toxic chemicals required in the thermal or chemical reduction methods, photo reduction allows not only the precise control of the reduction extent, but also the localized manipulation of the properties of GO films. Most importantly, the flexible micro-structure patterning on the GO ultrathin films can be realized simultaneously during the laser reduction process.[1] As a result, flexible and ultra light weight GO films with both controllable properties and predefined arbitrary structures can be readily achieved by using the one-step mask-free direct laser printing (DLP) method, enabling numerous integrated device applications. Such a versatile patterning technology can be also extended to other 2D materials, including hexagonal boron nitride, transition metals dichalcogenides and perovskite et al, opening enormous opportunities for new device designs, architectures and functionalities. 
A wide range of topics have been covered in this paper about GO films and other 2D materials,[2-7] including various experimental and theoretical approaches, the understanding of the optical responses, and the design and optimization of the integrated devices. The 2D films show unique properties that are unavailable to conventional materials such as the tunable linear and nonlinear optical properties, a versatile patterning capability by DLP, the surface functionalization possibility, the wavefront shaping ability, and the mechanical robustness, which are highly demanded for the next generation ultralight weight, highly efficient, highly integratable, and flexible optical, electronic, and mechanical systems, opening up new avenues for various multidisciplinary applications. 
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