Confinement and Superconductivity at the
LaAlO3/SrTiO3 Interface and Related Systems
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A conducting interface
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-Quantum confinement

-Bulk and interface SC

-SC at ((LaAlO3)o.5-(SrTiO3)0.5)/SrTiOs interfaces
-Spin orbit

-SC in SrTiO3




The «Geneva» LaAlO3/SrTiO3; Team

Stefano Gariglio Margherita Boselli Adrien Waelchli Ritsuko Eguchi

| <

Claudia Daniela Wei Liu Alexandre Féte ~ Zhenping Wu Denver Li
Cancellieri Stornaiuolo  (KLA-Tencor US)  (UNIGE) (now in Beijing) (now at Stanford)
Andrea Caviglia Nicolas Reyren (now at EMPA) (now in Naples)

(now in Delft) (CNRS Paris)

=

(] e
2 o™
.




and collaboration with

Marc Gabay (Orsay)

Philippe Ghosez (Liege)

Jochen Mannhart
(MPI Stuttgart)

Odile Stéphan
(Orsay)

and their groups




-
[ > . »
o —* P e P
‘ - ‘

A|02 .-“—.;, . " .-_—"’.. =

Doping Control - Field Effect @« "= = * =
TiO, [FERTTS=a=S
el O O X

-
.\.‘ .h,_____.

- -
b
b ) <y 0O— 9 ©
»
.
-

» . . . -
» . -
. »
. ® -
..\.' O\" .\\‘.. »
" .- . \.' _.\-. .
. J ®

G- . Sk . Soh

~2-8x1013/cm?




Transport and field effect control
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Modulation of SC
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Quantum Confinement
and Electronic Structure




Confinement and electronic structure
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At the interface, the electrons are on the
SrTiO3 side, in the Ti 3d band




At the interface, the electrons are on the
SrTiO3 side, in the Ti 3d band

— 3d

Electrons are in tog orbitals




Confinement and electronic structure
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Hall response and parallel field
measurements
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Bulk and Interface
Superconductivity




Superconductivity in bulk SrTiO3
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Superconductivity in bulk SrTiO3
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Interface SC

X. Lin et al. PRL 112, 207002 (2014)




Bulk and interface SC




Mapping the 2D phase diagram on
the 3D one




Bulk and interface SC

n3D=n2D/d Virgin: n2p=3 1073 cm
d=10nm




Bulk and interface SC

virgin sample
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Determination of the SC thickness
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The underdoped regime
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The « overdoped » regime
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Bulk and interface SC
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Shape resonances

D. Valentinis et al. PRB 96, 094518 (2017)




Related systems and the role of the
heavy bands




((LaAlO3)o.5(SrTiO3)o.5) / SrTiO3
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Confining potential
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Superconducting properties
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Confining potential, e-structure and SC
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The Possible Role of Spin-orbit on SC




Weak localization to weak antilocalization

Weak localization

2D Superconductor
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Weak anti-localization

Strong spin-orbit interaction




Rashba Spin-Orbit Coupling
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Signatures of spin-orbit coupling
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Superconductivity in SrTiOs3




SrTiOs - a quantum paraelectric
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Role of the ferroelectric soft mode
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Conclusions - open questions

The bulk and interface phase
diagrams are different - the modified
electronic structure and the heavy
bands play a key role

Impact of spin-orbit on SC?

Do ferroelectric fluctuations
contribute to pairing in SrTiO3?




