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Previous studies (at POSTECH)
❑Low-temperature epitaxy

KrF laser
(248 nm)

V2O5 target

❑M3D using freestanding NM❑ Ionic flow valve

Nat. Commun. 11, 1401 (2020) Nat. Commun. 12, 5019 (2021)Nano. Lett. 22, 9306-9312 (2022)
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Previous studies (at ORNL)
❑OOR in perovskite QMs ❑High electron mobility in perovskite QMs
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Adv. Mater. Interface 13, 2400697 (2020)

(In preparation)
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Development of AI

(Image credit: BlackJack3D via Getty Images)

(Image credit: IBM)
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Pathway for the energy efficient system

Nat. Phys. 13, 1056-1068(2017)

Nat. Comp. Sci. 2, 10-19 (2022)

❑Energy consumption ❑Energy generation

Adv. Funct. Mater. 33, 2300625 (2023)

Appl. Surf. Sci. Adv. 9 100233 (2022)
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Opportunities in transition metal oxides

“Structural Perspective on Multifunctional Oxide Materials” Harshit Agarwal (2024)
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Designing of oxide thin films & heterostructures

Sci. Adv. 7 eabd7394 (2021)
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❑Topic 1 – Zero-strain metal-insulator transition for ultrafast and energy-
efficient threshold switches 
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Vanadium dioxide (VO2)

Science 318, 1750 (2007)

Phys. Rev. Lett. 3, 1 (1959)
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Possible applications of VO2

❑Overcoming Boltzmann limit ❑Neuromorphic applications

Nat. Commun. 13, 3973 (2022)

Nat. Commun. 15, 3334 (2024)Nat. Commun. 6, 7812 (2015)



12

Origin of the metal-insulator transition

Science 318, 1750 (2007)

Phys. Rev. Lett. 3, 1 (1959)
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Limitation of the structural transition

Science 318, 788-192 (2017) 

1. Atomic displacement on the sub-ns time scale

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

2. Microstructural crack generation

ACS Appl. Electron. Mater. 2, 1433-1439 (2020) 

STEM images courtesy from Prof. S.-Y. Choi (POSTECH) 
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Emergence of a metastable phase 
❑Light-induced metastable phase ❑Heterostructure

Science 362, 1037-1040 (2018)

Nat. Commun 14, 1265 (2023)

Nat. Commun 14, 1265 (2023)
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Peierls distortion

Adv. Mater. 37, 2413546 (2025)
Proceeding of IEEE 103, 1289-1310 (2015)

Mott like transition

Chines Phys. B 28, 058504 (2019)

Hypothesis for zero-strain metal insulator transition
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Exploring potential candidates for doping

3d

4d

5d

Nat. Commun. 11, 3539 (2020)

AIP advances 6, 055012 (2016)
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Exploring potential candidates for doping

3d

4d

5d
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Synthesis of Ti-doped VO2
DFT calculation courtesy from Prof. J. K. Lee (PNU) 
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Synthesis of Ti-doped VO2
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
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➢ Ti dopants in the VO2 lattice locally alter the configuration of V-V pairs, where the 

long-range ordering in V-V pairs is disrupted.

STEM images courtesy from Prof. S.-Y. Choi (POSTECH) 
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Polarization-dependent XAS 

Nat. Phys 9, 661-666 (2013)
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Polarization-dependent XAS 
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Polarization-dependent XAS 
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Polarization-dependent XAS 

➢ localized V-V dimerization causes the persist orbital splitting above TMI.  
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Evidence of zero-strain metal insulator transition 

➢ Both measurements confirm that local atomic fluctuation by Ti incorporation results in 

zero-strain metal insulator transition. 



29

Switching dynamics using voltage pulses 
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Switching dynamics using voltage pulses 

➢ Nanoscale structural heterogeneity enhances electrical switching dynamics due to 

geometrical compatibility at the interface.
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Switching dynamics probed by THz spectroscopy 

➢ Compared with the slow recovery dynamics of undoped VO2, the transient reflectivity of 

Ti:VO2 displays much faster relaxation.

THz spectroscopy courtesy from Prof. O.-H. Kwon (UNIST) 
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Summary 1

“Zero-strain metal-insulator transition by the local fluctuation of cation dimerization” Adv. Mater. 37, 2413546 (2025)
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The role of oxygen vacancies at hetero-interfaces
❑ Ionic conductor

Nat. Commun. 11, 1371 (2020)

Nano Lett. 12, 4775-4783 (2012)

❑High mobility ❑XMR

Nat. Commun. 15, 4249 (2024)
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Ionic transfer by heterogeneous interfaces
Ionic transfer

Nat. Mater. 17, 210-220 (2018)
Annu. Rev. Mater. Res. 48, 137-165 (2018)

➢ Oxygen chemical potential mismatch between two different materials accelerates ionic 

migration.
Nat. Commun. 11, 1401 (2020)
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Directional oxygen transport for low-temp. epitaxy
❑Low-temperature epitaxy

Nat. Commun. 11, 1401 (2020)

1) Oxygen chemical potential mismatch

DFT calculation courtesy from Prof. D. Lee (POSTECH) 
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Directional oxygen transport for low-temp. epitaxy
❑Low-temperature epitaxy

(3)

(2)

(4)

❖ Greater ∆𝐺𝑣 induced by 𝐽𝑂 significantly reduced ∆𝐺∗ in hetero

structure enables large reduction of 𝜏𝑐𝑟𝑦𝑠𝑡 and unprecedented 

epitaxy.

Chemical free energy change for 

formation of solid rutile TiO2

Interfacial strain 
energy

surface free energy geometrical factor

1

𝜏𝑐𝑟𝑦𝑠𝑡
= A · exp (-

∆𝐺∗

𝑘𝐵𝑇𝑔
)  

(1)

Nat. Commun. 11, 1401 (2020)

2) Chemical free energy change
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Crystallographic pathway-dependent ionic transport

Small. 20, 2402260 (2024)
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Formation of interfacial VO in arbitrary thin films

1) Oxygen chemical potential mismatch

2) Chemical free energy change

3) Crystallographic orientation
- suitable band gap

- high stability

- non-toxic and 

environmentally friendly

- Abundance and low cost

Nanomaterials 10, 1790 (2020)

Chemical Review 114, 9919-9986 (2014)

❑TiO2-based photocatalyst



40

Synthesis of TiO2 homo structure

Adv. Mater. 2413062 (2025)

VO layer

HgT-TiO2

LgT-TiO2

Defective
surface

Lattice expansion

LgT-TiO2/HgT-TiO2

Defective layer

Adv. Mater. 37, 2413062 (2025)

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

LAO 

Crystalline TiO2

Defective TiO2
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Amorphous TiO2

LAO 

Crystalline TiO2

Adv. Mater. 37, 2413062 (2025)
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Long-lived photocarrier dynamics

Adv. Mater. 37, 2413062 (2025)
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Promotion of PEC activities

➢ The conductive interface with high carrier density in the L-TiO2/H-TiO2 bilayer accelerates 

the electron transfer process to generate a photocatalytic reaction.

Adv. Mater. 37, 2413062 (2025)

PEC measurement courtesy from Prof. H. W. Jang (SNU) 
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Summary 2

“2D vacancy confinement in anatase TiO2 for enhanced photocatalytic activities” Adv. Mater. 37, 2413062 (2025)
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