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LaAlO,/SrTiO; interfaces
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SrTiO; Interfaces
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Interface doping :
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Lifshitz Transition in LaAlO;/SrTiO; Interfaces

Joshua et al, Nat. Comm. 3, 1129 (2012)

x1013
2.6 —
24}
ool See also:
N Smink et al, PRL 118, 106401 (2017);
e 2| PRB 97, 245113 (2018)
% 18l Wei Niu et al, Nano Lett. 2017, 17, 6878-6885
1.6}
1.4} density in 15" band
1.2

-50 0 50 100 150 200 250 300 350 400 450

1\ Vg (V)
Lifshitz
transition

TRENTE® ;

UNIVERSITY



Lifshitz Transition in LaAlO;/SrTiO; Interfaces

Joshua et al, Nat. Comm. 3, 1129 (2012)
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Lifshitz Transition in LaAlO;/SrTiO; Interfaces

Joshua et al, Nat. Comm. 3, 1129 (2012)
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Realistic calculations for an ideal interface

* tight-binding bands, fitted to experiments

in bulk “To _
H = Etlj Cia Ja_eEwnia ; ob—e — — 2
(i) ia cé I ]
. . — -10F - n,, =0.01

* Landau-Ginzburg-Devonshire model for I —
dielectric Func’rion fitted to experiments ST, 001 — Y2

in bulk qol o
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* solve self-consistent equations for
potential, electron density, polarization in
the interface geometry.
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Ideal Interface Model doesnt explain the transition
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Where does the 1xy state go?

Confining potential is proportional
to nyp.

At low n,,, the electric field is
strongly screened by SrTiO;.

Electrons spread out into the

semiclassical tails. Interface states

disappear.
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What is going on?
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« Interface disrupts dielectric
screening?

Approach: Reduce dielectric
screening in the top few layers.
Electric field at interface is weakly
screened.

v' Gives a single bound state at low

charge density. 5 MM?<

< No abrupt Lifshitz transition! ' 06s = e >
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Interfacial Strains
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Lee et al, Nat. Commun. 7:12773 (2016)
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electrostriction: coupling between strain and (polarization)?

flexoelectricity: coupling between polarization and strain gradient
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Interfacial Strains 0.03

« If f,50 then the lattice strain
creates a region of negative
polarization near the interface.
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Band Filling

 Switches direction when
electric field exceeds threshold.
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PHYSICAL REVIEW B 98, 195447 (2018)
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Caveat
* Mechanism requires f;; > O.

* experiments are hard!
* Zubko, Catalan, & Tagantsev, Ann. Rev. Mater. Res. 43, 387 (2013)

* calculations predict negative f;; in bulk STO
+ Stengel PRB 92, 205115 (2013)
* Hong & Vanderbilt PRB 88, 045114 (2011)

* however - surface contributions and screening from 2DEG should be
large; f,; might be different at the SrTiO; inferface than in bulk
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Why this is interesting:

* The new idea in this work is that lattice strain gradients may be used to
manipulate 2DEGs.

PHYSICAL REVIEW B 98, 195447 (2018)
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Polarization at an ungated inferface

a Lee et al, Nat. Commun. 7:12773 (2016)
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Key question: does the polarization reverse at the Lifshitz transition?
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Ideal interface not consistent with expts!
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Why only a single occupied band at low n,,?
Why is the transition abrupt?
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Smink et al PRL 118 106401 (2017)
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SrTiO; is almost ferroelectric

VoLUME 26, NUMBER 14 PHYSICAL REVIEW LETTERS 5 ApriL 1971

Dielectric Properties of SrTiO, at Low Temperatures

T. Sakudo and H, Unoki
Electrotechnical Labovatory, Tanashi, Tokyo, Japan
(Received 8 February 1971)

L=

-E Xl]b;k T T T —T T T T T 1 ) )

o Polarization depends strongly on
10

S o * Temperature

L | * Electric field

1

+ € ol « Wavevector

LU

Q9 3

pe] 2t

Q) 1+ /ficubic__*w 7

(V2] le)

5 L7 |

> %0 ‘ 100

S ° TE?APERATURE (°K ) T (K)

FIG. 3. Inverse dielectric constants as function of
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Doping and the ideal interface

* ignore disorder
* dielectric function of surface is same as the bulk
* all model parameters obtained by fitting to experiments!
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Doping and the ideal interface PHYSICAL REVIEW B 95, 054107 (2017)

PHYSICAL REVIEW B 95, 054106 (2017)
* ignore disorder

* dielectric function of surface is same as the bulk 10
* all model parameters obtained by fitting to experiments! = o;(i)—WL—;
2 |
* Ideal interface model predicts «10'® : 10 — xy ]
deconfinement of 2DEG at low =0 = a0 — ]
doping 24 [ 0, =0.01 — Y2 ]
— ° N T 0
* large number of occupied e 2 k2,
bands. s
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* No Lifshitz transition! 14
1.2

'-50 0 50 100 150 200 250 300 350 400 450
Va (V)

-
February 22, 2017 TIQZ NT g.; 19

UNIVERSITY



According to the Ideal Interface Model ..

* Why only a single occupied band at low TQ W ]
n,p? Multiple bands are occupied. — N — — -

* Why is the transition abrupt? There is no Gof 1 |n,, =001

€ M [meV]

abrupt transition.

* Why does the filling of the 15t band n =001
saturate? It doesnt.

2D

Ideal interface model does not explain
experiments.
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What is going on?

* Missing Hubbard interactions?

o(z,) [meV]
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What is going on?

* Missing Hubbard interactions?

too weak
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What might be going on?

Gauss’ Law:
% oP
—&,— =—en(z)——
0z 07

Schrodinger Equation:

E tlj ia Ja_ez‘/inia
ia

Landau -Ginzburg-Devonshire model for dielectric:

~N'p,.PP +”EP“ EEP

lattlce 2
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SrTiO; is almost ferroelectric

VOLUME 26, NUMBER 14 PHYSICAL REVIEW LETTERS 5 ApriL 1971

Dielectric Properties of SrTiO; at Low Temperatures

T. Sakudo and H. Unoki
Electrotechnical Labovatory, Tanashi, Tokyo, Japan
(Received 8 February 1971)
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Structure of the 2DEG in the SrTiO; Substrate

15x10"

Key Points:

* multiple occupied sub-bands
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