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Oxide heterostructures

Ability to create atomically flat oxide layers
• Molecular beam epitaxy
• Pulsed laser deposition

A. Ohmoto, H. Hwang, Nature (2004)



Polar catastrophe

Nakagawa, Hwang, Muller, Nature (2006)

(001) LaAlO3-SrTiO3



LaAlO3/SrTiO3 interface along [100]
H. Y. Hwang, J.M. Triscone, J. Mannhart, 
R. Ashoori, K. A. Moler, ... 

Expts: Magnetism + superconductivity

H. Takagi group (APL 2015)
3d/5d Superlattices along [111]

3d-3d Superlattices along [111]

Quantum Wells, Modulation Doping
S. Stemmer group (UCSB)
Magnetism, Mott transitions, Non-Fermi Liquid

Prediction of topological phases in simple TMO bilayers



Realizing high Tc quantum anomalous Hall effect

QAH gap ~ 100 meV
Ferromagnetic Tc ~ 300 K A.M. Cook, AP (PRL 2014); 

S. Baidya, U.Waghmare, AP,T.Saha-Dasgupta (PRB,2015+16)

DFT + Effective model

3d correlated oxide: high Tc ferromagnet

5d oxide: strong spin orbit coupling

Fe layer: Magnetism
Re layer: SOC



SrTiO3 (111) surface 2DEG
ARPES Baumberger group, Geneva: S. McKeown Walker, et al, (PRL 2014)

Santander-Syro group: T. C. Rodel, et al, Phys. Rev. App. (2014) 
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• Triangular layers
• Polar



SrTiO3 (111) surface 2DEG
Transport

L. Miao, R. Du, Y. Yin, Qi Li (APL 2016)  
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Transport sees signatures of broken
hexagonal symmetry below ~30K 
(depends on electron density)

• (111) STO is polar = more correlated?
• All t2g orbitals equivalent
• Electron correlation driven nematic?
• Phonon/structural? (Aharony, et al?)

n~0.5e/Ti



SrTiO3 (111) surface 2DEG

Interorbital
Intraorbital

Interactions might get scaled 
down by 2DEG “thickness”



SrTiO3 (111) surface 2DEG

• Generalized RPA calculation
• - Charge, spin, orbital

• Susceptibilities ~ orbital diagonal

• Dominant instability ~ spin (Q=2kf)
[tips of the ellipse]

• Subdominant ~ charge nematic (Q=0)
[doublet]



SrTiO3 (111) surface 2DEG

Spiral/SDW

Nematic candidate?



Effective spin model

Spiral/SDW

O(9) spin model: Monte Carlo Simulations
Jeffective ~ scale with (electron density)2

WeakerDominant

https://www.google.ca/imgres?imgurl=https://www.researchgate.net/profile/Naseer_Dari/publication/241425920/figure/fig3/AS:298612379668489@1448206147619/Figure-3-The-2-D-Triangular-Lattice.png&imgrefurl=https://www.researchgate.net/figure/241425920_fig3_Figure-3-The-2-D-Triangular-Lattice&docid=jUIy-WuAGOjN0M&tbnid=xkpm9mImstVxTM:&vet=10ahUKEwirgaSBo83VAhXLrVQKHSi2C4oQMwhmKAMwAw..i&w=848&h=470&bih=591&biw=1366&q=triangular lattice&ved=0ahUKEwirgaSBo83VAhXLrVQKHSi2C4oQMwhmKAMwAw&iact=mrc&uact=8�


Effective spin model

Nematic transition: Tc ~ J2 (interchain coupling)

Binder 
cumulant

J1 ~ 50 meV
J2 ~ 5 meV
Tc (nematic) ~ 50K
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