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Plasmons are created by excitation of collective electron oscillations on the surface of metallic nanostructures which provide unique and effective means of manipulating light. 

While a vast amount of literature deals with linear plasmons, the field of non-linear plasmonics remains relatively unexplored. The study of non-linear effects of plasmons provides 

a wide variety of attractive properties such as generation of coherent light-fields, frequency conversion and non-linear enhancement effects. Significant for the non-linear, 

multiphoton regime of plasmons is that excitation is achieved with two or more electromagnetic fields resulting in a frequency-upconverted, hence, blue-shifted emission.  
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Fiber tip for near-field signal collection. Nanostructures of interest 

are excited with far-field excitation (diffraction limited laser spot) 

and signal is collected from the area limited by the size of the tip. 
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Computations of normalized electric 

field intensity distributions in an Ag 

nanocrescent at 605 nm. illustrating a 

resonant mode in the gap opening (top). 

Outer/inner/gap diameters: 50/40/5 nm2.  

Four-wave mixing (FWM) laser microscope for far-field imaging. Two different wavelengths, 

spatially and temporally overlapped, focused in a laser-scanning microscope (Nikon). The signal is 

detected in the far-field. 

SEM image of 140nm nanoholes. The 

nanoholes are produced by colloidal lithography. 

Far-field FWM of a dense 

nanohole sample1. λPump= 817nm 

and λStokes= 1064nm. Detection at 

λFWM= 663nm. 

Far-field FWM of a low density 

nanohole sample1. Excitation and 

detection same as high density film. 

Lateral and axial profiles of a single 

nanohole1. Diameter at FWHM corresponds 

to 300nm and 900nm, respectively. 

FAR-FIELD MEASUREMENTS 
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By optimizing the nanocup geometries so that their plasmon resonances 

match the excitation and/or emission wavelengths, enhanced nonlinear 

emission (four-wave mixing/coherent anti-Stokes Raman 

Scattering/second harmonic generation etc.) is supported.  

SEM image of nanocup 

fabricated by 140nm bead. Gold 

evaporation with a tilted angle 

along with sample rotation which 

results in a cup like structure. 

Near-field measurements of nanoholes. Near-field measurements 

give insight in interference and coherence effects of different 

nanoholes and provide more information about local plasmon 

excitation and emission. 
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