
 

 

NANOFABRICATION OF SILICON METASURFACES FOR 

THIRD HARMONIC GENERATION 
 

Luca Fagiani1*, Erfan Mafakheri1, Kirill Okhlopkov2, Andrea Tognazzi3, Attilio Zilli4, Michele 

Celebrano4, Maxim Shcherbakov2, Andrey Fedyanin2, Davide Rocco3, Marco Finazzi4, Costantino De 

Angelis3, Monica Bollani1 

 

1 IFN-CNR, LNESS laboratory, via Anzani 42, 22100 Como, Italy 

2 Faculty of Physics, Lomonosov Moscow State University, Moscow 119991, Russia 

3 Department of Information Engineering, University of Brescia, Via Branze38,25123 Brescia, Italy 

4 Physics Department, Politecnico di Milano, Piazza Leonardo Da Vinci 32, 20133 Milano, Italy. 

 *luca.fagiani@polimi.it  
 

 
We realized high quality silicon metasurfaces by e-beam lithography for controlling the spatial intensity distribution, 

polarization, and wavelength dependence of light beams generated by third-order nonlinearities. 
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Nonlinear optical processes have been studied in different 

materials and structures [1-2]. These processes, such as second 

and third harmonic generation, can find numerous applications 

in photonics, material science and biomedical sensing [3-4]. In 

this frame, metasurfaces offer promising possibilities for the 

miniaturization of optical devices working at visible and 

infrared wavelengths. Recently, dielectric and semiconductor 

metasurfaces with a high refractive index have emerged as a 

new class of engineered nanostructures for nonlinear 

applications, thanks to their low dissipative losses and high 

nonlinear susceptibilities [5-6]. In this work, we demonstrate 

the nanofabrication of high quality silicon metasurfaces, 

exploiting the easy integration of this material in nanophotonic 

platforms, for controlling the spatial intensity distribution, 

polarization, and wavelength dependence of light beams 

generated by third-order nonlinearities. Periodic metasurfaces 

will emit THG signal in the grating modes, which are very 

narrow in the k space. The design of the semiconductor 

metasurfaces has been guided by numerical simulations to 

obtain the desired nonlinear optical response. The metasurfaces 

are realized by combining electron-beam lithography and 

reactive ion etching, using a silicon on insulator substrate with 

a device layer of 125 nm on 2 μm of buried oxide. Similar 

structures have been optimized also on a device layer of 145 

nm. The process parameters have been optimized to obtain the 

desired gap and periodicity of the silicon nanostructures, as 

reported in Fig. 1, for either 125 nm or 145 nm devices over 

100 x 100 μm2 areas.  

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Scanning elettronic micrograph of a silicon metasurface 
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