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Introduction
» The interface of dissimilar oxide materials hosts rich varieties of exotic phenomena not found in its constituent materials. For example, both bulk LaAlO,
7H O U JU N (LAO) and bulk SrTiO, (STO) are wide-band-gap nonmagnetic insulators. Remarkably, when LAO was deposited on STO (001), the interface was found to

exhibit unusual phenomena such as a conducting two dimensional electron gas, superconducting and magnetic properties, and two-dimensional
coexistence of both superconducting and magnetic properties.

Achievements

» In particular, the mechanism responsible for the extraordinary interface conductivity of LAO/STO in both (001) and (110) orientations, as well as the
remarkable interface magnetic orderings remains hotly debated. In this thesis, we established a comprehensive understanding of the electronic and
magnetic reconstructions at LAO/STO interfaces.
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Fig. 2 The different mechanisms to compensate the polar divergence of LAO/STO with thin (< 4uc )

P ——— In this thesis, using density functional theory calculations, we shed light on

the mechanisms responsible for the insulator-metal transition of LAQ/STO in

Depending on the £ calculations, we propose buckling effects between both (001) and (110) orientations, as well as for the room-temperature
cations and oxygen atoms, and surf._';\ce defects [V, for _(001)* ha for_(ll[})], strong magnetism in LAQ/STO (001). Besides, we predict a perovskite oxide
which fully compensate the polar divergence, to explain the step-like heterostructure with tunable interface conductivity, promising for future
insulator-metal transition of LAO/STO with LAO thickness. electronic applications.
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comprehensive and coherent picture that the interplay of electronic reconstructions, lattice distortions, and surface

oxygen vacancies fully compensates the polarization potential divergence in LaAlO5/SrTiO5. explaining naturally How to tune two-dimensional electron gas at interface of heterostructures is becoming an important question
the experimental observations under different conditions. While lattice distortions and a charge redistribution for both fundamental physics and electronic applications. Here, using density functional theory calculations. we
between LaO and AlO, sublayers play a dominant role in the insulating state, a spontaneous appearance of find that the polarization state of BaTiO; in metal capped BaTiO3/SrTiO; heterostructures changes dramatically.
1/4 oxygen vacancies per AlO, sublayer at the LaAlO5 surface accompanied by 0.5¢~ charge transfer into the depending on the termination of BaTiO3 and the different metal layers (M = Al, Fe, Pt Au). Most interestingly.
interface 1s responsible for interface conductivity and the discontinuous transition in LaAlO53/SrTiO5. Our model for Pt on the BaO-terminated BaTiO3/SrTiOs, interface conductivity can be tuned. With a paraelectric state
also explains properties of LaAlO5/SrTiO; prepared with different growth conditions. in BaTiO;, Pt_BaTiO4/SrTiO; remains insulating at interface, while when BaTiOj; is ferroelectric, a hole- or

electron-conducting BaTiO5/SrTiOj5 interface can be realized, depending on its polarization direction in BaTiOs.
: 'sRevB.92.12542 : . 20.—r o) I , " . s e oy : v
DOI: 10.1103/PhysRevB.92.125423 PACS number(s): 71.15.Mb. 73.20.—r,73.21.—b This conducting interface and the top Pt layer screen the depolarization field, and thus stabilize the ferroelectricity

in BaTiOs. Our result provides important clues for the reversibly tunable conductivity at oxide interfaces.
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