° . ECOLE DOCTORALE
universite - Ondes et matiére ‘
PARIS-SACLAY | (EDOM) | | lo

Electronic structure of the metal-to-

transition in VO2: the chicken-and-=ec
condensed matter

Emma David, Daisuke Shiga, Amitayush Jha-Thakur, Maximilian Thees, Pedro Henrique Rezende Gongalves, Alexandre Antezak, Xianglin Cheng,
Tatsuhiko Kanda, Taehyun Kim, Emmanouil Frantzeskakis, Franck Fortuna, Hiroshi Kumigashira, Andres Santander-Syro

Peierls

Mott
Emma David, RJP 2022



nice research team=n

Andres Santander

. M uil
L ( Paris S

Boulogne-Billancourt - B
< 5,
; .
Versailles
sin e o Créteil
leBretonnetc A
> oo
orly
Cnaturel Institute of Molécular
onal dela Sciences of-Orsay.
ite Vallee ] |
thevreuse [t
Les Ulis oret

e £ e

Emma David Alexandre Antezak

Emma David, RJP 2022



Introducing: VO,

Rutile metal Monoclinic insulator
T>TMrI’ T<TMI'I’ /E\ 100 T T T T T T T _|
2 4
C 10 rInsulator .
E 2| i According to theory: correlation-
= 10 asissted Peierls transition
:g 1 3L —
K7 0 Metal « V02 is not a conventional Mott insulator,
D . . .
I 10-4 - | - [..] the formation of dynamical V-V singlet
s — pairs due to strong Coulomb correlations is
250 300 350 necessary to trigger the opening of a
Temperature (K) Peierls gap »
S. Biermann et &/, PRL (2005)
Peierls
400
o 350
()]
5 300
©
g
g 250
@

200

Mott

Pressure mmmp

Emma David, RJP 2022



Introducing: VO,

Rutile metal Monoclinic insulator
T>TMrI’ T<TMI'I’ /E\ 100 T T T T T T T _|
2 4
C 10 rInsulator .
E 2| i According to theory: correlation-
= 10 asissted Peierls transition
:g 1 3L —
K7 0 Metal « V02 is not a conventional Mott insulator,
D . . .
I 10-4 - | - [..] the formation of dynamical V-V singlet
s — pairs due to strong Coulomb correlations is
250 300 350 necessary to trigger the opening of a
Temperature (K) Peierls gap »
S. Biermann et &/, PRL (2005)
Peierls
400
o 350
()]
5 300
©
g
g 250
@

200

Mott

Pressure mmmp

Emma David, RJP 2022



Metals, insulators and energy ba

a Emma David, RJP 2022



Metals, insulators and energy ba

a Emma David, RJP 2022



Metals, insulators and energy ba

/\
27 \>k

a Emma David, RJP 2022

Momentum




(1°]
i o
=
(=7
p S
D
—
D
=
| e
(1°]
N
p S
=)
mjd
(1°)
b
—
(7p)
=
(Tp)
b
(1°)
mjnd
D
=

Emma David, RJP 2022

Momentum

\‘> k
(a) Lattice parameter

21

||||||||||||||||||||||||||||||||| SRS




Metals, insulators and e

Ener
c ( k) gy
i 4 I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| | -
: : . - -5
| | Real Space
| | Scanning Tunneling
: : Microscopy (STM)
i i Guohong Li e aL, PRL (2009)
| |
| |
| |
| |
: |
' ' =k ) Momentum
2 T 0 T 21
a a a a) Lattice parameter

Real vs. Reciprocal Space

Reciprocal Space

Electron diffraction

Wei Zhaoet 4/, Science Advances (2017)

Emma David, RJP 2022



o
==
(=7
p S
D
—
D

L=
—
(42
(72
p S
(=

il
(4%

)
—
(7p)

=
(7p)

el
(1)
el
D
=

Energy bands
k

Emma David, RJP 2022



p S
D
—
(« b
=
—
(12
(72
p S
(=
il
(4
)
—
72,
=
72
el
(1)
el
D
=

Emma David, RJP 2022



Metals, insulators and ene

Emma David, RJP 2022



Metals, insulators and ene

Last band fully fill

} Insulator

Emma David, RJP 2022



Metals, insulators and ene

Emma David, RJP 2022



Metals, insulators and ene

Emma David, RJP 2022



Metals, insulators and ene

T e
N\ B

., I

a Emma David, RJP 2022



Metals, insulators and ener¢

a Emma David, RJP 2022



Metals, insulators and ene

T S What went wrong?

lllllllllll

m

=

. O
o

11111111111

Temperature (K)

&
£S
I
/I
‘\I
A B
I
\:
@
________I____
/:
\:
|
Resistivity (Q ¢
SL S o o
) L
2
)
]
g %
=
8 <
3 N
3

a Emma David, RJP 2022



What went wrong?

0 |

1 I
250

300
Temperature (K)

1 l
350

— Correlations: This band picture forgets about
electron-electron interactions
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Summary
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Different polarizations show the multiple orbital
character of the conduction band:
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— In the metallic state, we find that the d” and T*

orbitals coexist in the conduction band

— The temperature-dependent data shows different
states between the metallic and insulating phases, as
well as a gradual transfer of spectral weight between
those states during the transition, in accordance with
the electronic hysteresis
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— We worked with thin films of (007) oriented 10 nm thick VO, deposited on a Nb:Ti0,, substrate
— Samples were made by PLD (Pulsed Laser Deposition) by Hiroshi Kumigashira’s group
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Electronic structure in the

Energy (eV)

310 K — Two electron-like pockets around [, the flower-like shape
258 K matches with calculations
— Matrix elements play a great role
— The electronic structure is in accordance with published data
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