Ultrafast optical devices functioned by in situ synthesized nonlinear graphene
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Graphene has attracted huge attention from the society of ultrafast data management with its excellent electrical and optical properties. Many research groups have tried to demonstrate graphene-based ultrafast optical devices such as ultrafast pulsed lasers, high-speed optical modulators and optical switches convincing the nonlinear operation of graphene. However, conventional synthesis of graphene relies on high temperature process in vacuum condition, and mostly the synthesized graphene requires deleterious transfer steps onto targeted devices that degrade the graphene crystal quality, and the efficiency of nonlinear optical operation of the optical devices. Moreover the transfer process limits the customized patterning especially for integrated devices. 

We develop and demonstrate a novel process to synthesize graphene directly onto the designed substrate without the transfer process. [1-3] This approach guarantees the intact crystal structure of graphene that provides the expected optical nonlinearities. The synthesized graphene shows nonlinear saturable absorption in the fiber ring laser cavity to generate ultrafast optical pulses, thereby ensuring the passive mode-locking of the fiber laser operating in femtosecond scale at telecommunication band. With autocorrelator, the temporal pulse duration of femtosecond scale is confirmed. We also demonstrate ultrafast all-optical switching near 1550 nm using four-wave mixing (FWM) with the grown graphene that enhances the ultrafast nonlinear response especially for optical signal processing. The input signal channel is modulated at the speed up to 20 GHz, and this modulation information is successfully copied to the newly generated signals with the directly grown graphene. The directly synthesized graphene shows the extinction ratio improvement of > 50 % for the nonlinear switches.
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