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g2D electron gas

LaAlO;:
band insulator
A=>36eV, x=24

SrTiO;:

band insulator

A 3.2eV, «(300K) 300
quantum paraelectric
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A High Mobility Electron Gas at the Interface

A high-mobility electron gas at
the LaAl0,/S1TiO; heterointerface
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LaAlO, (60 A) /SrTiO,4(001)
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Epitaxial growth by PLD

; e RHEED gun .
i /\‘ - 4 0-1 mbar O,
» f
- :

target
revolver 5 *

plasma
plume

substrate

phosphor -
screen




Epitaxial growth by PLD

Layer-by-layer growth
T=3800°C
P O2=1-10*Torr
Fluence = 0.6 J/cm?
Frequency = 1Hz
Post annealing @ 200 mbar Oz
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Surface Topography

step height: 0.4
nm




STEM Cross Section

LAADF
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Polar discontinuity

N. Nakagawa et al., Nature Materials (2006)




Oxygen vacancies - La/Sr intermix

J. Mannhart, D.G. Schlom, Nature N&V 430, 620 (2004) - .-




Role of the LaAlOs3 thickness
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S. Gariglio et al, J. Phys.: Condens. Matter 21, 164213 (2009)




Role of the LaAlOs3 thickness

measurement limit

S. Thiel et al, Science 313, 1942 (2006).




Transport properties

8 u.c. LaAlOs3 film
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Hall measurements: sheet carrier density n.p ~ 2-10 103 cm

S. Gariglio et al, J. Phys.: Condens. Matter 21, 164213 (2009)




Superconductivity
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N. Reyren et al, Science 317, 1196 (2007)




Anisotropy of transport

properties in magnetic fields




Transport anisotropy

T (mK)

N. Reyren et al, Appl. Phys. Lett. 94, 112506 (2009)




SC Thickness




SC Thickness

H, (R=0 extrapclation)
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2D Superconductivity
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Field effect experiments

LaAlO;:
band insulator
A=>36eV, k=21

SrTiO;:

band insulator

A=32eV, x(300K) =300
quantum paraelectric




Top gate device

LaAlO;:
band insulator
A=56eV, k=21

SrTiO;:

band insulator

A=32eV, K(300K) =300
quantum paraelectric
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LaAlOs: 5 unit cells

300 K




SC modulation with 1 V
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Superconducting switch




Back gate device

LaAlO;:
band insulator
A=56eV, k=21

SrTiO;:

band insulator

A=32eV, K(300K) =300
quantum paraelectric




Field-effect on the g2-DEG

3 uc LaAlO; @ room temperature
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S. Thiel et al., Science 313, 1942 (2006)



n,p Modulation




Rsheet Modulation
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Modulation of SC
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Modulation of SC
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Modulation of SC

C ! ! , 1 1 1 1 1
-300 -200 -100 O 100 200 300
Gate Voltage (V)

S
L
°)
4]
&)
-
©
—
B2,
/)]
)
o

015 02 025 03 035 04
Temperature (K)




Modulation of SC
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Modulation of SC
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Modulation of SC

e
o
o
o

-300 -200 -100 O 100 200 300
Gate Voltage (V)

=
o
e
()
&)
e
4]
e
D
)
()
EC

005 01 015 02 025 03 035 0.4
Temperature (K)




Modulation of SC
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Modulation of SC
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Modulation of SC

e
o
o
o

-300 -200 -100 O 100 200 300
Gate Voltage (V)

=
o
e
()
&)
e
4]
e
D
)
()
EC

005 01 015 02 025 03 035 0.4
Temperature (K)




Modulation of SC
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A.D. Caviglia et al, Nature 456, 624-627 (2008)




Phase diagram

2D Superconductor
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Phase diagram

2D Superconductor
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What is the nature

of the localized state?




Weak localisation

Theoretical prediction

T. Schneider et al, Phys. Rev. B 79, 184502 (2009)




Negative MR




Weak localisation

Theoretical prediction




Conclusions

A quantum phase transition has been observed
separating a localized state from a superconducting
state.

The superconducting state has a 2D nature and
signhatures of a BKT transition.

The localized state displays characteristics of a weak
localization mechanism.
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