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Project Summary: Graphene is an attractive material for all-optical

modulation because of its ultrafast optical response and broad spectral

coverage. However, all-optical graphene modulators reported so far

require high pump fluence due to the ultrashort photo-carrier lifetime and

limited absorption in graphene. We present modulator designs based on

graphene-metal hybrid plasmonic metasurfaces with highly enhanced light-

graphene interaction in the nanoscale hot spots at pump and probe

(signal) wavelengths. Based on this design concept, we have

demonstrated high-speed all-optical modulators at near and mid-infrared

wavelengths (1.56 μm and above 6μm) with significantly reduced pump

fluence (1–2 orders of magnitude) and enhanced optical modulation.

Ultrafast near-infrared pump-probe measurement results suggest that the

modulators’ response times are ultimately determined by graphene’s

ultrafast photocarrier relaxation times on the picosecond scale. The

proposed designs hold the promise to address the challenges in the

realization of ultrafast all-optical modulators for mid-and far-infrared

wavelengths. The detailed findings are published in Light: Science &

Applications, 2022, 11:102.

2DCC Role: Large area samples of monolayer graphene on Cu foil used in

this work were grown by CVD in the 2DCC Thin Films facility.

Top left: Schematic of Graphene Metallic
Metasurface Absorber (GMMA) with pump
and probe light focused on nanoscale hot
spots between graphene antennas.
Top right: SEM image of graphene nano-
antennas.
Bottom right: Photoresponse of GMMA
device (blue) to modulated laser beam at
6.3 mm is significantly higher than reference
device and MMA without graphene.


