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The exploration of nonlinear optical 

phenomena has not only deepened the 

understanding of light-matter interaction, 

but it also enabled novel technologies that 

make use of the resulting synthesis of 

electromagnetic radiation at new 

frequencies. Whereas the nonlinear 

responses of matter in the microwave and 

optical regimes are well explored, research 

addressing the intermediate Terahertz (THz) 

regime is still largely in its infancy, despite its 

high technological relevance, e.g. for novel 

high-speed (opto-)electronics. 

For these future applications in the THz 

range, graphene is a highly promising 

material, because of the unique optical 

properties originating from its prototypical 

Dirac-type electronic structure. Soon after its 

discovery, there have multiple predictions of 

efficient harmonic generation in the THz 

range [1, 2], but experimental evidence has 

remained incomplete. Recently, we 

experimentally demonstrated the highly 

efficient THz harmonics generation (HG) in a 

single layer graphene sample (up to 7th 

order) at ambient conditions upon 

excitation with a moderate THz field of only 

85 kV/cm (see Fig. 1) [3]. Our observations 

have been successfully described by a 

thermodynamic model, which clearly 

explains the experimentally observed crucial 

role of the graphene doping level for THz HG 

[3, 4]. By using gated graphene samples 

and multilayer structures, we are able to 

predictably modify the HG efficiency and 

thereby corroborate the thermodynamic 

model. 

 

In addition, we employed the same 

experimental scheme to other Dirac 

materials, such as topological insulators and 

Dirac/Weyl semimetals, showing that THz HG 

is a rather universal phenomenon based on 

the linear band dispersion in the vicinity of 

the Dirac point. 
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Figure 1: Time-domain THz field traces of 

fundamental and harmonics up to 7th order in 

single-layer graphene [3]. 

 

 


