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Abstract  

This conference contribution explores the potential of graphene as a platform for THz nonlinear photonic 

applications. By applying DC electric fields or currents to break inversion symmetry, we aim to induce an 

effective second-order nonlinearity in graphene, enabling applications such as difference frequency 

generation and heterodyne detection. This study investigates the general feasibility and the achievable 

magnitude of electric-field induced nonlinearities in graphene. 

Results 

Because of its exceptionally high THz nonlinearity, graphene is currently discussed as a technological 

platform for a variety of THz nonlinear photonic applications ranging from saturable absorbers to THz 

frequency multipliers [1, 2]. Recently, it has been shown that (i) the nonlinearity of graphene can be 

controlled over two orders of magnitude by applying moderate gate voltages in the sub-Volt regime [3] and 

(ii) that a specifically designed grating-graphene meta-material enables further increase in the THz 

nonlinearity via field enhancement [4]. In these previous works, the focus was on studying nonlinearities 

of odd -orders, since monolayer graphene is a centrosymmetric material, where even-order susceptibilities 

cancel out. Next step is to investigate if an effective second order nonlinearity ((2)) can be efficiently 

generated by applying appropriate in-plane DC electric fields or currents (V or I, see fig. 1 (b), thus breaking 

the inversion symmetry, such as what has recently been demonstrated and observed in GaAs [5]. We will 

quantify the achievable magnitude of electric-field induced second-order THz nonlinearity in graphene in 

order to elucidate its potential for nonlinear photonic applications relying on even-order susceptibilities, 

such as difference frequency generation. The derived results will directly allow us to evaluate the potential 

of graphene devices of this type as e.g. efficient mixers in heterodyne spectroscopy applications. Figures 1 

(a) and (c) illustrate the introduced PCB design and grating-graphene assembly. Data from recently 

performed experiments with a newly developed table-top high-field THz emission spectroscopy set-up as 

well as from a beamtime at the high-field THz user facility TELBE [6] are presented.    

 

 

 

 



 

 

 

  

  

Figure 1: (a) Sample implemented in a printed circuit board (PCB) (b) Schematic of the gating 𝑉𝐺  and in-

plane electric field or current. (c) Architecture of the sample: Electrical contacts to graphene and the 

interdigitated electrodes are made with 5nm Ti and 50nm Au. Substrate, graphene, interdigitated electrodes 

and the mask layer are separated by a 150nm thin 𝐴𝑙2𝑂3-oxide layer. The back-gating functionality is 

provided by contacting of the silicon substrate to the PCB board. (d) Graphene's third harmonic amplitude 

response (measured by the integrated THG peak) to back gate tuning, demonstrating a significant change 

across a range of over one order of magnitude. 
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