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Fig. 1. (a) Top view of the (SVO);/(STO);(111) heterostructure with in-plane 1 x 1 unit cells; (b) side view of (SVO);/(STO),(111)
heterostructure; (c) the interplanar distance between consecutive planes; (d) the displacement of Sr cation relative to O ions in each
SrOj3 layers, AZ = Z(Sr;) — Z(O;), where Z(Sr;) is the value of the Sr cation and Z(O,) is the average value of the O atoms in a giv-

en SrOj layer i along the ¢ axis.
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Fig. 2. (a) Band structures of (SVO);/(STO);(111) along with the special points in the Brillouin zone. The inset shows the Bril-
louin zone and the special points. (b) Total density of states (TDOS) near the Fermi level. The Fermi level is located at 0 ¢V (dot-
ted black line). (c¢) Layer-resolved partial density of states (PDOS) of (SVO)5/(STO);(111). (d) Projections of the carrier density
(yellow contour) of (SVO);/(STO);(111) heterostructure. The isosurface values are chosen as 0.015 e/bohr®. The carrier densities

are calculated from contributions within an energy window of [Ep —1.5 eV, Eg].
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Fig. 3. (a) Densities of states near the Fermi level of V, Ti, Sr and O. (b) Partial densities of states (PDOS) of V 3d orbitals. V1,
V2, V3 are the same as those in Fig. 1(b). (¢) PDOS of the O 2p orbitals. (d) PDOS of the Ti 3d orbitals.
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distance along the ¢ axis between consecutive planes under different in-plane strains.
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First principle study of tuning metal-insulator transition and
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Abstract

Perovskite heterostructure has a honeycomb lattice when a bilayer along the [111] direction is considered.
The material usually presents a wealth of unique properties. Recently, (111)-oriented perovskite heterojunctions
have received more and more attention. In this work, the first-principle calculations are employed to investigate
the electronic and magnetic properties of (SrVO3)5/(SrTiO3); (111) heterostructure. The calculations show that
the ground state of (SrVOj;)5/(SrTiO3); (111) heterostructure is a half-metallic ferromagnet. Further study
reveals the existence of different correlated-electron ground states in (SrVOj3)5/(SrTiO3); (111) heterostructure,
and they can be tuned by changing in-plane strain and interfacial cation intermixing. This system can keep
half-metallic properties under difffferent in-plane strains from 4% to 2%. The half-metallic properties mainly
come from V 3d electrons. The ground state of the system can evolve from a half-metal to a antiferromagnetic
insulator if the in-plane compressive (tensile) strain is added up to 8% (4%). The interfacial Ti-V intermixing
can destroy the original half-metallic properties, and the system exhibits a ferromagnetic insulator phase. These
results demonstrate that the system has potential applications in the field of spintronics, and provide a

theoretical reference for the use of (SrVOs);/(SrTiO3); (111) heterostructures to explore quantum phase transitions.

Keywords: heterostructures, in-plane strain, metal-insulator transition, half-metallic ferromagnets
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