Super resolution microscopy based on photo-modulated reflectivity.
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Far-field super-resolution (SR) microscopy has developed to be an important tool in life
sciences. However, it relies on, and therefore is limited by the ability to control the
fluorescence of label molecules or nanoparticles.
We introduce a new far field label-free SR methodology that is based on the nonlinear
response of the reflectance to photo-modulation [1-3]. It relies on the ability to photo-excite a
temperature and/or charge-carriers spatial distribution inside the diffraction limited spot by an
ultra-short pump pulse. An overlapping delayed probe pulse monitors reflectance changes.
Spatial resolution within the diffraction limited spot is enhanced due to nonlinearities in
photo-modulated properties of the matter. The nonlinearities are measured by recording the
high harmonics of the reflectance, photo-modulated by the pump laser. The method is
suitable to characterize semiconductors and metals in vacuum, ambient, and liquid, semitransparent and opaque systems, ultrathin and thick samples alike.
Examples of resolution enhancement due to nonlinearities (lateral and vertical) will be
presented: The change of thermo-reflectance of VO2 upon its characteristic insulator-to-metal
transition at ~340K, the heating process of a nanostructured silicon or gold surfaces, and the
nonlinear response of photo-modulated Raman spectra. Super-resolution down to 85nm is
demonstrated with a probe laser of 800nm wavelength.

Figure 1: SR line imaging of silicon on sapphire nanostructures. The sample consists of
silicon double lines, 125 nm wide, with gaps of 370 and 270 nm, respectively. HR-SEM
image of the scanned sample is depicted in the top panel. The bottom panel displays a linear
scan with a 0.7NA objective using the probe reflection only (red), the 1st (black), 2nd (blue),
and 5th (green) harmonics of the modulation. Note the improvement in resolution with the
increasing harmonics.
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