Direct NIL patterning of sol-gel based metal oxides, with controlled refractive index from 1.2 to 2.7, on 8 inches wafers; applications in optics, photonic, and gas sensing.
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Metal oxide (MOX) nanopatterns have been prepared from Soft-Nano-Imprint-Lithography (soft-NIL) combined with sol-gel formulations. A careful adjustment of the chemical parameters and processing conditions are used to obtain faithful replicas with high vertical aspect ratios up to 3 and refractive index up to for instance 2.7@520 nm with TiO2, on glass, silicon wafers or fused silica. This method is CMOS-compatible, cost-effective and easy to scale-up. [2,13]  

As-deposited metal oxides sol-gel layers are rather difficult to imprint as a result of the fast evaporation-induced condensation of the precursors into stiff metal oxide networks that prevents efficient mass transfer within the cavities of the soft mould. Nonetheless, by adjusting the processing conditions to the pure inorganic sol-gel chemistry we demonstrate that the process can be highly simplified while improving the quality of the replicas and avoiding the use of sacrificial, stabilising, organic agents that is always accompanied by a high shrinkage. A compromise can be found for all sol-gel materials to reduce the xerogel viscosity necessary for capillary filling, while limiting the shrinkage upon final thermal curing. Metasurfaces bearing arrays of high aspect-ratio 3D features of different shapes and composed of hard ceramics with controlled functionalities are directly available with such a one-step process. Besides, this method is compatible with high-throughput on 200 mm glass and silicon wafers (limited only by the machine in use) and conventional production constraints. It also benefits from the countless chemical compositions available from sol-gel chemistry and has been demonstrated with many metal oxides. 

In this presentation, we will focus on Silica (SiO2), Titania (TiO2), Alumina (Al2O3), and Europium-doped Zirconia (ZrO2:Eu3+) as pristine, hybrid, or mesoporous materials. They have been patterned with different designs and bearing different motif dimension (down to 100 nm) and aspect ratio (up to 3), to address different functionalities such as controlled-wetting surfaces, light harvesting coatings, diffraction gratings for light extraction, multispectral filters, enhanced spectrally and spatially controlled emitting surfaces, wave guides, structural color coatings, anti-reflection coatings, photonic VOC sensors, or flow cells for DNA sequencing. [3-15]
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Figure 1 : SEM images of A) and B) TiO2 (RI=2.56) motif profiles with and without residual layer ; C) SiO2 elongated pyramids as anti-reflection coatings, D) Eu dopped ZrO2 as photoluminescent resonators, E) TiO2 (RI = 2.3) gratings for light coupling, F) image of a 200mm diameter wafer imprinted with SiO2 using Obducat tool and G) image composed of structural color pixels imprinted in TiO2 (RI = 2.2).
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