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[bookmark: _Hlk90842985]Supplementary Fig. 1 (a) Temperature-time profile for the CVD growth of graphene with the diluted CH4 gas (1%). (b) Temperature-time profile for the CVD growth of graphene with the purified CH4 gas (100%).
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Supplementary Fig. 2 The optical images of graphene islands grown on the Cu surface with varying shapes, under the growth condition of Figure S1(a).
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Supplementary Fig. 3 SEM images of graphene islands grown on the Cu surface with varying shapes, under the growth condition of Figure S1(a).
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Supplementary Fig. 4 Characteristics of particles on Cu substrate annealed at 1050 ℃ for 60min with 500 sccm of Ar and 200 sccm of H2 using the quartz tube. a-b SEM images of the Cu surface: a A large number of particles can be observed. b The enlarged SEM image of a. c-d XPS spectra of the Cu surface. 
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Supplementary Fig. 5 SEM images of GNSs grown on Cu foils, under the growth condition of Figure S1(b).
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