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This talk explores the monolithic integration of perovskite oxides on Si(001) for applications in silicon nanophotonic devices and low-power transistors. Barium titanate (BTO) films, and BTO/LaxSr1-xTiO3 (x ≤ 0.15) perovskite heterostructures are grown on strontium titanate (STO)-buffered Si(001) using atomic layer deposition at 225 °C. X-ray diffraction confirms compressive strain in BTO films for films as thick as 66 nm with the c-axis oriented out-of-plane. Post-deposition annealing above 650 °C leads to in-plane c-axis orientation. Piezoresponse force microscopy (PFM) verified the ferroelectric (FE) switching. Electrical and electro-optic measurement of the Pockels coefficient confirm BTO film FE behavior at the µm-scale. The BTO/LaxSr1-xTiO3 perovskite heterostructures permit examination of a quantum metal between Si(001) and a FE film.  These heterostructures are strained to Si(001) and are c-axis out-of-plane.  PFM demonstrates the BTO FE behavior on the La-doped STO. Sheet resistance and capacitance-voltage measurements establish the conductivity of the La-doped STO layer and show the potential for these films in negative capacitance field effect transistors.  Optical second-harmonic generation in reflection characterized variations in the second-order nonlinear optical susceptibility of 10 to 50 nm-thick Ba1-xSrxTiO3 (BSTO) alloy films grown epitaxially on SrTiO3(001) as Sr molar ratio x changed from 0 to 1. The results reveal composition and strain control can optimize ferroelectric and electro-optic properties of BSTO films grown on STO buffer layers.  Insight gained through the second-harmonic generation studies was used to inform the composition and growth of BSTO films by atomic layer deposition and chemical solution deposition on (STO)-buffered Si(001) to explore their EO properties as lattice strain and c-axis orientation are varied.
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