Depth-invariant Optical Phase Imaging with Sub-Nanometric Spectral Resolution
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Quantitative phase imaging and complex field reconstruction has always been of great interest in microscopy and spectroscopy at micro/nano scale. Here we report an approach based on a lensless Optical Holography that is aimed to recover the complex scattered field from surfaces at different wavelengths with sub-nanometric spectral resolution, without affecting the phase retrieval in depth. With the aim to prove the capability of the technique in extracting quantitative phase information in depth, the phase imaging of a random scattered field has been studied, highlighting the presence and behavior of optical vortices. On the other hand, the sub-nanometric spectral sensitivity of the system in tomographic phase imaging was exploited to study the behavior of topological charges with frequency shift. This aspect is attracting great interest, as it was observed that when varying the wavelength of a random wave, phase singularities exhibit the Brownian statistics of a random walk. This technique could be easily integrated with AFM microscopes for hyper-spectral imaging and optical spectroscopy.
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[bookmark: _GoBack]Fig. 1. contour-zero lines of the real and imaginary parts of the complex scattered field from the top surface at different wavelengths, (a) 840.1 nm, (b) 837.7 nm, (c) 836.4 nm, (d) 835.8 nm. The arrows in each figure highlight the creation and diffusion of topological charges +/-1 (Optical Spectrum Analyzer resolution ≈ 0.1 nm).
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