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            Abstract
All-optical switches have attracted attention because they can potentially overcome the speed limitation of electric switches. However, ultrafast, energy-efficient all-optical switches have been challenging to realize owing to the intrinsically small optical nonlinearity in existing materials. As a solution, we propose the use of graphene-loaded deep-subwavelength plasmonic waveguides (30â€‰Ã—â€‰20â€‰nm2). Thanks to extreme light confinement, we have greatly enhanced optical nonlinear absorption in graphene, and achieved ultrafast all-optical switching with a switching energy of 35â€‰fJ and a switching time of 260â€‰fs. The switching energy is four orders of magnitude smaller than that in previous graphene-based devices and is the smallest value reported for any all-optical switch operating at a few picoseconds or less. This device can be efficiently connected to conventional silicon waveguides and used in silicon photonic integrated circuits. We believe that this graphene-based device will pave the way towards on-chip ultrafast and energy-efficient photonic processing.
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                    Fig. 1: Schematic and simulation of a graphene-loaded metalâ€“insulatorâ€“metal WG for all-optical control.


Fig. 2: SEM images of the fabricated samples.


Fig. 3: Measured linear absorption of graphene-loaded MIM-WGs.


Fig. 4: Saturable absorption and demonstration of all-optical switching.


Fig. 5: Demonstration of all-optical switching with femtosecond laser pulses.
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