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Nanostructuring of semiconductors and dielectrics is a promising way for fabricating photonic and non-linear optical media. Electrochemically prepared porous silicon (PS), oxidized porous silicon (OPS), and porous alumina (PA) consist of nanostructures and voids with dimensions varied from 1-2 to 200-300 nm. 1D and 2D photonic crystals as well as birefringent media can be easily formed on the base of PS, OPS, and PA by choosing size and shape of nanostructures.  Multilayer structures of PS show 1D photonic band gap (PBG) tunable with the period of structure, sizes of Si nanocrystals and their dielectric surroundings. Experiments demonstrate possibility to reach quasi-phase matching for second-harmonic (SH) generation in PS multilayers. PS layers produced by anisotropic electrochemical etching of (110)-oriented c-Si wavers exhibit strong in-plane birefringence. PA films possess properties of a positive uniaxial crystal having the optical axis along the pores. The birefringence of PS, OPS, and PA is tunable by changing the porosity and/or dielectric properties of material embedded in pores. The obtained multilayered structures on the basis of birefringent PS exhibit large differences (50-100 nm) in PBG positions for different light polarization. This property can be used in fabricating photonic components like dichroic mirrors, filters, “planar Brewster” windows, etc. Our experiments on the SH and third harmonic (TH) generation have revealed phase matching conditions for wave interactions in in-plane birefringent PS and OPS layers. A strong enhancement of the SH and TH radiation intensities was observed under the phase matching conditions in anisotropic photonic media.  

Thus, electrochemically nanostructured solids are promising for applications in photonics. The strong in-plain birefringence of anisotropically nanostructured semiconductors and dielectrics allows us to control the efficiency of SH and TH generations. Furthermore, the nanostructured PS can serve as phase-matching matrices for optically nonlinear substances incorporated in their pores, expanding significantly the choice of non-linear optical materials.







