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Strontium Titanate

Centrosymmetric (has inversion center)
* no DSOI

* piezoelectric effect (all centrosymmetric
materials)

* Paraelectric
* Indirect band gap 3.25 eV

e Direct band gap 3.75 eV

e &, ~300atroomtemp.

e |nsulator-to-metal transition in
LaAlO,/SrTiO, interfaces

Pai et al., Rep. Prog. Phys. 81 (2018)




Low Temp

* Dielectric constant increases as temp drops
—> saturates around 4 K near €, = 10°

* Density dependent superconductivity below 450 mK

e Approaches ferroelectric phase transition but remains paraelectric
due to quantum fluctuations
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Will Anneal for 2DEGs

Take bulk, standard stock sample, anneal in high oxygen partial pressure

(here LaAlO,/SrTiO;) Confined

~7 nm
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unannealed (conductive-tip AFM probing electron profile) annealed

Basletic, et al., Nature Materials 7, (2008) 5



Device

SrTiOs/HfO+IL, this work
SrTiOs+IL, Mikheev 2021
Thierschmann 2018
Bjerlig 2020

Jouan 2020

Lee 2019
SrTiOs/HfOy+IL Fornieri 2019

a Buried GaAs 2DEGs
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Fabrication

Fabricated on commercial (001) SrTiO, single crystal substrates b

SITiO,/HfO,

* Soak in DI water for 20 min, then annealed at 1000 C for 2 hours in Ar/0O2 SrTiO3 HfO
* HfOx (4 layers) deposited (85 C)

* (a) Selective patterning for HfOx (15 nm) and Ti/Au (5/50 nm) for QPC tip
* (b) Ebeam + Ti/Au (40/100) for remaining patterning

* (c) Ebeam, Ar milling, Ti/Au (10/80)

e (d) Ebeam + sputtering of 80 nm SiO2

* (e)ionic liquid (IL) drop (DEME-TFSI)

e Use IL to tune density before cooling below its freezing point (200 C) and doing measurements




Textbook™ quantized conduction

4pt measurements, no series resistance subtracted
- . . d 14 T —
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* Doubly degenerate subbands
* Some plateaus skipped
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Lever Arm Non-Uniformity
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2-fold degeneracy persists til ~7 T

Fast and slow moving subbands
e Cross resulting in intermittent
4-fold degeneracies

Subband Evolution
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3D QPC Saddle Potential

Extend classic 2D model to 3D

Quadratic in x, y, z with polarity P, = —1,B,, = 1

h? 0? m*e2u?
- _ . p, e ) B
" Z;( omy 0w Tt op2 )+ “
AtB=0,¢,(B = 0) = i i 2

At B # 0, cyclotron frequency renormalizes x-y plane confinement:

1/2 1/2
€x = hawy/(1+ a)cz/a)jz,) , €y = h(wf, + w?)
€, unaffected

Can separate Hamiltonian to y-z subbands discretized as |n,, n,, s) + x component which broadens them
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Results

Integers n,, = 0 and s = £1/2 yield subband spectrum:
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Empirically modify
Ez(B,S) = g,UBS(B — Bp) when B > Bp,
E,(B,s) = 0 when B < Bp

Slow moving subbands have |ny =0,n,s = il/Z)

N
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Fast subbands have n,, > 0, due to renormalization of
€, by cyclotron frequency
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Unusual Spin-Splitting

* Modified E, results in subband splitting into ‘Y’ shape h 14
2Y:Bp=49T, g=0.32 12 of
2>V:Bp=0T, g=0.22 10 E
= 8 =
. ~N
* Appears to not be due to subband broadening Q 6 QL
4 3
S
* Possible explanation: attractive “negative-U” interaction 2 : %
- 0 — - - -
between e -0.10 -0.05 0.00 0.5 0.10
O (meV)
* Then: Bp is field when pairing interaction (singlets)
balances with E; (alighnment of spins) I 14
 Critical field/temp higher than plausible global SC 70 121 i
state in 2DEG 0> 10 i <
* Pre-formed pairs condensing at low T? '5°N§ E{ 2: e two peak
* Pairing locally enhanced at ferroelastic domain walls? = & fit spacing
. . | o O ’
* Valence-skipping defects? zz§ , | |
§ 0 b :
-0, : 0.2
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Pascal Conductance with 2e? /h Steps?
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That's It

Interesting material and device architecture
Unconventional quantized conductance

Strange attractive e-e effects without global superconductivity

Thanks for listening!!
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