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            Abstract
Problems associated with large-scale pattern growth of graphene constitute one of the main obstacles to using this material in device applications1. Recently, macroscopic-scale graphene films were prepared by two-dimensional assembly of graphene sheets chemically derived from graphite crystals and graphene oxides2,3. However, the sheet resistance of these films was found to be much larger than theoretically expected values. Here we report the direct synthesis of large-scale graphene films using chemical vapour deposition on thin nickel layers, and present two different methods of patterning the films and transferring them to arbitrary substrates. The transferred graphene films show very low sheet resistance of âˆ¼280â€‰Î© per square, with âˆ¼80 per cent optical transparency. At low temperatures, the monolayers transferred to silicon dioxide substrates show electron mobility greater than 3,700â€‰cm2â€‰V-1â€‰s-1 and exhibit the half-integer quantum Hall effect4,5, implying that the quality of graphene grown by chemical vapour deposition is as high as mechanically cleaved graphene6. Employing the outstanding mechanical properties of graphene7, we also demonstrate the macroscopic use of these highly conducting and transparent electrodes in flexible, stretchable, foldable electronics8,9.
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                    Figure 1: 
                        Synthesis, etching and transfer processes for the large-scale and patterned graphene films.
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Figure 2: 
                        Various spectroscopic analyses of the large-scale graphene films grown by CVD.
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Figure 3: 
                        Transfer processes for large-scale graphene films.
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Figure 4: 
                        Optical and electrical properties of the graphene films.
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High-performance, transparent and stretchable electrodes are in high demand for the development of flexible electronic and optoelectronic applications. Graphene, with excellent optical, electrical and mechanical properties on the microscale, is a promising candidate as the basis material. It has proved difficult to synthesize large-scale graphene films that retain these desirable properties, but Kim et al. now describe a technique for growing centimetre-scale graphene films with electrical conductance and optical transparency as high as those of microscale films. The graphene is deposited from chemical vapour onto thin layers of nickel, and then transferred onto arbitrary substrates â€” such as silicon dioxide â€” as a patterned film that can be used to construct stretchable transparent electrodes with excellent mechanical and electric stability.
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