Apertureless scanning near field microscopy and applications
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The suprresolution techniques based on far field are stimulated emission depletion microscopy (STED), fluorescence photoactivation localization microscopy (f-PALM) and stochastic optical reconstruction microscopy (STORM). They require fluorescent labels and the main disadvantages of them are the connection between laser wavelength and fluorescent marker and difficulty to attach the marker to the interesting region of the samples Moreover they may not attach to correct molecule or functional group of interest that create problems in interpreting images. 

In the case of densely distributed nanoscale objects, optically measurements require an optical field confined to the same scale for obtaining the necessary high lateral spatial resolution. According Minski’s ideas [1] near-field optics make possible investigations of the optical interaction produced by emerging light from a subwavelength aperture or scattered light by a subwavelength metallic or semiconductor tip of an object in the immediate vicinity, within a fraction of the radiation wavelength of the aperture or of scattering source. The near field is a nonpropagating evanescent wave, which decays exponentially with the distance from the aperture or the scattering source. Near field optical microscopy is based on the exploitation of the evanescent components of the electromagnetic field to overcome the limitations imposed be the diffraction phenomena. Scanning near field optical microscopy (SNOM) is a label free technique able to overcome the optical diffraction limit. SNOM techniques are divided in two branches: aperture-SNOM (a-SNOM) and apertureless-SNOM (A-SNOM). In a-SNOM the aperture has a double role, to ‘illuminate” the sample surface with near field and to collect the near field after interaction with the sample. The use of an aperture such as the tapered fiber opening poses several experimental limitations, the most important is related with the resolution which is limited at around 50 nm. 

A-SNOM exploits the field enhancing nano-antenna properties of sharp metallic tips. In this technique usually, the sample is raster scanned under an oscillating probe of an atomic force microscope (AFM). The probe serves as a nanoscale light confiner, enhancer, and scatterer.  Basically, the operating principle of the A-SNOM is to use an external laser beam to illuminate the tip of a standard atomic force microscope (AFM) probe and to detect the light having information about tip-surface interaction.  There are several techniques in A-SNOM family, the most used among them are: scattering- SNOM (s-SNOM), tip enhanced fluorescence-SNOM (TEF-SNOM) second harmonic generation-SNOM (SHG-SNOM). 
One of the most useful application of s-SNOM relates to local measurement of the local dielectric function [2] . The possibility to locally measure the dielectric function in the visible domain, with nanoscale resolution opens a wide range of applications in Material Science and Life Sciences. 
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