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The LaAlO3/SrTiOs Interface
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band insulator
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2D Electron Gas
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A high-mobility electron gas at
the LaAl0;/SrTiO; heterointerface

A. Ohtomo>* & H. Y. Hwang'>*  Nature 427, 423 (2004)
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Superconductivity at Low T
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Superconducting Interfaces Between
Insulating Oxides
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Oxides - Various Instabilities

Insulating

BaTi03
Ferroelectric \
0

AFD order
Orbital order
Nd,_,Sr,MnO;
7~ N/ \
- — —
= (1D 7=
Superconducting - Mn3*— 02 — Mn*

Srq_La,TiO; Ferromagnetic
La;_,Sr,MnO;

Conducting




Combining Oxides

Charge and
orbital order

PV
Polar and | s ‘\4,

AFD instabilities ’\I’

¥ 4 /

Superconductivity
L Ferromagnetism
-~ Ferroelectricity

Oxides with very diverse properties
can be combined




Oxide Interfaces
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Outline

The LaAlO3/SrTiO3 system

-Origin

-Confinement of the gas

-Superconductivity - interface and bulk SC

-Recent developments
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The Polar Catastrophe Scenario
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Chemical Doping
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Gas Thickness
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Confinement of the electron gas

The electrons are in the Ti 3d band - in tog «orbitals»




Electronic Structure
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Field Effect Control of the Carrier
Density and Tuning of SC




Top, side, back gating
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Field Effect Experiments




Modulation of SC
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T (mK) T (mK)
A.D. Caviglia et al, Nature 456, 625 (2008)




System Phase Diagram

2D Superconductor

See also C. Bell et al. PRL 103, 226802 (2009).




Spin-orbit Coupling




Weak Localization to Weak Antilocalization

Weak localization

A.D. Caviglia et al., Phys. Reuv. Lett. 104, 126803 (2810)

Weak anti-localization

Strong spin-orbit interaction




Rashba Spin-Orbit Coupling

D’yakonov - Perel’

Increasing
voltage




Exciting developments
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Injection of spin polarized electrons

Hanle measurements

N. Reyren et al. Phys. Rev. Lett. 108, 186802 (2012)
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700°000 FET’s - Channel Length 350nm

R. Jany et al.

J. Mannhart - MPI| Stuttgart




Conclusions

The LaAlO3/SrTiO3 is an amazing platform displaying
tunable properties

Magneto-transport and superconductivity reveal the
importance of the sub-band structure

Bulk and interface superconductivity seem different although
Tcmax is the same

Recent developments are promising for the realization of
nanostructures and possibly devices




