
 

Nonlinear optics in periodic plasmonic nano-arrays 
Theme / Problem definition: 
The collective oscillations of free electrons in metals can be modelled using a quasi-particle named 
plasmon. Plasmonic effects lead to a sub-wavelength spatial localization, well beyond the diffraction 
limit in homogeneous dielectrics. The localization corresponds to a strong field enhancement at the 
surface of the metal, which in turn boosts nonlinear optical effects. We are specifically interested in bi-
dimensional periodic metallic nanostructures (i.e., size less than the wavelength), a specific type of 
metamaterial called plasmonic metasurfaces. The optical response of metallic metasurfaces depends 
essentially on two geometric factors: the response of the individual nanoparticle (localized surface 
plasmon resonance, LSPR), which strongly depends on its geometric shape; the collective response 
driven by the periodic arrangement (surface lattice resonance, SLR), the latter permitting the in-phase 
emission of the optical antennas composing the metasurface. In this project we primarily aim to 
enhance the nonlinear response by exploiting the collective response. In full analogy with diffraction 
gratings, an accurate characterization of the SLR requires the collection of the metasurfaces’ response 
for different incidence angles. Like in radio antennas, the radiation pattern is another parameter to 
determine the nonlinear response of metasurfaces.  

Experimentally we want to investigate the frequency conversion process (SHG and THG) from such 
structures using ultrashort optical pulses. The main task is to study the spatial distribution of the 
converted light emission in the different diffraction orders from the periodic arrays with a goniometer 
setup. Furthermore, plasmonic nanoparticles have low damage threshold: to maximize the output power 
we want to determine the origin of the induced damage investigating the input-output response of the 
metasurfaces for various laser parameters. 

Tasks / Aim:  
The main aim is the experimental investigation of nonlinear optical effects in plasmonic metasurfaces 
of different design. Owing to the large amount of data (incidence angle, emission angle, input 
polarization, output polarization, laser parameters), particular attention will be devoted to the full 
automatization of the experiments. The candidate will also use numerical simulations and antenna 
theory to describe and comprehend the observed phenomena. 

• Full automatization of the set-up with LabView and Python. 
• Measuring optical power and spectrum of weak frequency-converted signal in UV-VIS range with a 

goniometer setup. 
• Determining the optical damage threshold and its dependence on the illumination features. 
• Data processing and visualization with Python. 
• Simulations of the linear response of the metasurfaces using FDTD simulations; generalization to 

the nonlinear case via the nonlinear inverse scattering theory. 
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Normalized SHG power from a 1D 800nm grating at different angle of 
incidence (AOI) & angle of detection (AOD). Visible is the 0th and 1st 
diffraction order. 
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