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Patterning of Graphene by Femtosecond Laser Cutting
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Abstract With the continuous study of graphene, patterned graphene becomes the important requirement of
graphene device application. The graphene patterned by femtosecond laser cutting is researched. The laser energy
density and scanning speed influence the quality of graphene pattern, which is characterized by optical microscope
and Raman spectrometer. The threshold of laser energy density for monolayer graphene and multilayer graphene
are determined to be 1.0 J/em® and 0.8 J/cm’®, respectively, while the optimal scanning speed is 100 mm/s. By
analyzing the Raman spertra of residual graphene in the laser scanning area, the mechanism of laser cutting is
considered to be oxidized ablation. Basing on the optimal laser parameters, the complex patterning of graphene
is achieved by controlling the laser beam movement. The method mentioned in this study provides a powerful
support for graphene devices.
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Fig.1 (a) Raman spectra of monolayer graphene after scanning with different laser energy densities. Optic microscope of monolayer
graphene after scanning with laser energy densities of 0.8, 0.9 and 1.0 J/cm® are shown in (b)~(d).

Scanning speed in this part of experiment is 100 mm/s
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Fig.2 Optic microscope of monolayer graphene with the laser scanning speeds of (a) 50 mm/s, (b) 100 mm/s,

() 200 mm/s and () 500 mm/s. The laser energy density is 1.0 J/em” in this part of experiment
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Fig.3 (a) Raman spectra of multilayer graphene after scanning with different laser energy densities. Optic microscope of monolayer
graphene after scanning with laser energy densities of 1.0, 0.8 and 0.5 J/cm® are shown in (b)~(d).

Scanning speed in this part of experiment is 100 mm/s
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Fig.4 (a) Micrometer ribbon of monolayer graphene with different widths; (b) model of monolayer graphene inductance;

(c) field effect transistor of multilayer graphene; (d) square array of multilayer graphene
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