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The recent demonstration of high harmonic generation (HHG) in graphene with a super-radiant terahertz 

(THz) source [1] showed the potential of 2D Dirac materials for nonlinear applications in the far-infrared 

region. These experiments, which also offer a new testing ground for theories on free-electron-driven optical 

nonlinearities with low-energy photons, are essential to improve our understanding of the extremely high 

nonlinear optical coefficient reported for graphene. 

However, a quantitative assessment of THz high 

harmonics is limited by a low frequency conversion 

efficiency in a region of the electromagnetic spectrum 

lacking sensitive detection tools to accurately monitor 

weak spectral components. This problem arises in part 

because of the nature of 2D materials, featuring the 

smallest possible nonlinear interaction length of one 

atomic layer. The limited access to high-field THz 

pulses, especially when relying on a table-top source, 

is another challenge. Here, we combine two techniques 

to significantly enhance conversion efficiency in 

graphene and demonstrate third harmonic generation 

(THG) at intensities that are orders of magnitude above 

the background nosie. First, we use a stack of 

decoupled CVD graphene sheets to increase the 

interaction length. Then, we deposit this sample on a 

metallic metasurface to locally enhance the field 

driving the nonlinear effects.   

A THz source, based on a tilted pulse-front gener-

ation geometry in LiNbO3, delivers high-field pulses 

that are filtered by a bandpass filter [2] at 0.8 THz to 

achieve multi-cycle pulses with a 32 kV/cm amplitude. This driving field impinges on two graphene layers 

that are decoupled by a separating 60-nm-thick aluminum oxide layer. When this sample is deposited on a 

metasurface-based bandstop filter a distinctive THG spectral peak at 2.5 THz is observed with a peak amplitude 

of 24 V/cm (see Fig. 1). Note that a high-pass filter [2] located after the graphene-based sample is used to 

decrease the amplitude of the driving field, which in turn reduces the overall noise in the experiment. In com-

parison to the THG signal generated inside a single graphene sheet (not shown in Fig. 1), the combined effect 

of a larger nonlinear interaction length with an enhancement of the local field increases the THG intensity by 

a factor of 2.5. The resulting nonlinear signal is 20 times larger than the background noise recorded with the 

metasurface alone, allowing precise monitoring of the nonlinear conversion efficiency. 

In conclusion, we demonstrate a large increase of THG in two decoupled graphene sheets deposited on a 

metasurface. These results highlight the potential of a multi-layered and metasurface-based device architecture 

to enhance nonlinear responses in 2D materials, paving the way toward practical THz nonlinear applications.  
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