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transparent conducting oxide?
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TigeaNbo O, £~ 2 X 104 Qcm@300K, p ~ 6x10-° Qcm@10K
ReO, L£<1X%X10° Qcm@300K

Na, WO, 0 ~10% Qcm

SrRuO; p~2.8%X10%Qcm @300K

SrTiO, 0~ 10% Qcm @300K

(reduced, La-doped, Nb-doped)
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Anatase and rutile TiO,

Anatase

* Band gap 3.2 eV
® Famous for photocatalyst

Rutile
®* Band gap 3 eV
® Most stable structure




Resistivity (2cm)

Effect of Nb doping to anatase TiO,,
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Nb-doped anatase TiO, as
Transparent Conducting Oxide (TCO)

|
3 TiO2 (undoped)
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Carrier density of Ti,_Nb O,
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Density of States

Density of States
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inciples calculations

DFT, USPP, VASP

Pure anatase TiO,

(stoichiometric)

Univ. of Tokyo

------------ K. Yamashita, H. Kamisaka
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Band structure of Ti, _,Nb,O,(TNO)
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high activation

Nb5* efficiency

Ti 3d, Nb 4d
hybridized
conductlon band

"'3.2 eV

> O-2p band
valence band

é impurity
] band

In 55
conduction band

E ~3.5eV

O-2p
valence band



Valence band spectrum

(Resonant PES: Ti

Intensity (arb. units)
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Epitaxial film
(Po,=1x10" Torr, T, = 650°C)

Hitosugi et al.,

Appl. Phys. Express 1, 111203 (2008).
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Ti 3d band is
clearly observed
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