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Previous studies (at POSTECH)
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Previous studies (at ORNL)

J OOR in perovskite QMs [ High electron mobility in perovskite QMs
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Pathway for the energy efficient system

d Energy consumption  Energy generation
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Opportunities in transition metal oxides
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Designing of oxide thin films & heterostructures
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(3 Strain synthesis of new multifunctional materials
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Vanadium dioxide (VO,)
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Possible applications of VO,
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d Neuromorphic applications
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Origin of the metal-insulator transition
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VO,: Peierls or Mott-Hubbard? A View from Band Theory
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The electronic and structural properties of VO3 across its metal-insulator transition are studied using
the local-density approximation. Band theory finds a monoclinic distorted ground state in good agree-
ment with experiment, and an almost open gap to charge excitations. Although rigid criteria for distin-
guishing correlated from band insulators are not available, these findings suggest that VO; may be more
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Limitation of the structural transition

HAADF-STEM V-V-V Angle

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
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Limitation of the structural transition

HAADF-STEM

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
esveet [[a " !"'7

......
......

v S0 0 Mo o
‘‘‘‘‘‘‘

--------
.............

9 — 180 []

..............

e o S <. 2 .10
d Hankuk UNIVERSITY o 2 1 p 8 0 2 :

4 é 8 10
oF FOREIGN STUDIES um ACS Appl. Electron. Mater. 2, 1433-1439 (2020)




Emergence of a metastable phase
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Hypothesis for zero-strain metal insulator transition

g
e — :: ‘.ajb#_

Long range order
V-V dimer

LowT

Monoclinic
Insulator

Peierls distortion

—
—

MIT wf structural
f ""--.. transition
=t |
= |
ke
(]
1]
o
TMI
x>, Temperature
& Hankuk UNIVERSITY

OF FOREIGN STUDIES

Yolume

o
s
x

.
ot
o
....
e

Short range order

V-V dimer
LowT

Rutile
metal

Monoclinic like Ty,  Monoclinic like
insulator metal

Mott like transition

o) ¥-&
@ (X)) o0 ® @ W oy W
vo™ e
2a \ S E y E,
E atom L Isovolumetric MIT 1 DOS
A ] WI
' ' = J E 4 metallic
- 1] -
: : : : 2 1E f DOS
: | | | = 5 1 £
' Toa ¢ E
|
i 324 = 1 %
: I I : ] Mott insulator
' ! : L, DOS
—kg kp ik [ T~ 1
Temperature metallic

Adv. Mater. 37, 2413546 (2025)

Chines Phys. B 28, 058504 (2019) Proceeding of IEEE 103, 1289-1310 (2015)



Exploring potential candidates for doping
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Exploring potential candidates for doping
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Synthesis of Ti-doped VO,

DFT calculation courtesy from Prof. J. K. Lee (PNU)
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Synthesis of Ti-doped VO,

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
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|Iso-volumetric phase transition
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Persistent V-V dimerization

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
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Persistent V-V dimerization

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
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» Tidopants in the VO, lattice locally alter the configuration of V-V pairs, where the
long-range ordering in V-V pairs is disrupted.
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Polarization-dependent XAS
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Polarization-dependent XAS
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Polarization-dependent XAS
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Polarization-dependent XAS
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Evidence of zero-strain metal insulator transition
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» Both measurements confirm that local atomic fluctuation by Ti incorporation results in
zero-strain metal insulator transition.
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Switching dynamics using voltage pulses
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Switching dynamics using voltage pulses
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» Nanoscale structural heterogeneity enhances electrical switching dynamics due to
geometrical compatibility at the interface.
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Switching dynamics probed by THz spectroscopy

THz spectroscopy courtesy from Prof. O.-H. Kwon (UNIST)
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» Compared with the slow recovery dynamics of undoped VO,
Ti:VO, displays much faster relaxation.
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Summary 1
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The role of oxygen vacancies at hetero-interfaces
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lonic transfer by heterogeneous interfaces

Jpe-= k x F[Asg)

» Oxygen chemical potential mismatch between two different materials accelerates ionic

migration.

Nat. Commun. 11, 1401 (2020)
Nat. Mater. 17, 210-220 (2018)
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Directional oxygen transport for low-temp. epitaxy

U Low-temperature epitaxy 1) Oxygen chemical potential mismatch
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Directional oxygen transport for low-temp. epitaxy

 Low-temperature epitaxy
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2) Chemical free energy change

surface free energy geometrical factor
167>y3 /
* 1%
2 JAG = ' 73(6)
3(§’Gv — AG§)\1(1)
Chemical free energy change for Interfacial strain
formation of solid rutile TiO, energy

1 AG* ) @)

= A - exp (- )

(4) l Teryst kpTy

s Greater AG,, induced by J, significantly reduced AG™ in hetero
structure enables large reduction of 7..,5; and unprecedented
epitaxy.

Nat. Commun. 11, 1401 (2020)



Crystallographic pathway-dependent ionic transport
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Formation of interfacial V, in arbitrary thin films

L TiO,-based photocatalyst

1) Oxygen chemical potential mismatch

2) Chemical free energy change

H,0
O,

Nanomaterials 10, 1790 (2020)
Chemical Review 114, 9919-9986 (2014)

- suitable band gap
3) Crystallographic orientation _ N
- high stability
- non-toxic and
environmentally friendly

- Abundance and low cost
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Synthesis of TiO, homo structure

STEM i |mages courtesy from Prof. S.-Y. Choi (POSTECH)
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Revealing interfacial oxygen vacancies

STEM images courtesy from Prof. S.-Y. Choi (POSTECH)
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Long-lived photocarrier dynamics
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Promotion of PEC activities

PEC measurement courtesy from Prof. H. W. Jang (SNU)
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Potential [V vs. RHE]

» The conductive interface with high carrier density in the L-TiO,/H-TiO, bilayer accelerates
the electron transfer process to generate a photocatalytic reaction.
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Summary 2
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