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Electronic Band Structure of Transparent Conductor:
Nb-doped Anatase TiO,
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We have investigated electronic band
structure of a transparent conducting oxide,
Nb-doped anatase TiO, (TNO), by means of
first principles band calculations and
photoemission measurements.

The band calculations revealed that Nb 4d
orbitals are strongly hybridized with Ti 3d
ones to form d-nature conduction band,
without impurity states in the in-gap region,
resultlng in high carrier density exceeding
10?! cm™ and excellent optical transparency
in the visible region.

Furthermore, we confirmed that the results
of valence band and  core-level
photoemission measurements are consistent
with prediction by the present band
calculations.

7 FH—FH Nb K—7 TiOy(Tiy
«NbO,, LLT TNO)ER I IEHET=(~2
10" Qcm at 300 K)& WA
(>80%) & ¥ & b, BN TZEHEEN
9L, 2],

?EEE@@%%$1$(|N203 F#. ZnO %,
SnO, X)X s EF s EEFE LTS
235, TNO Tl d EFEZEELTVWDH R
WIRO TREMBTH D, I HITH LW

ITRE <, d B R R EER O
DI=DITH ., P foe{z:%&&%% % fiAt Y]
L., 7 :1:/1/ L ENL(ER) IR IR DN
NEELZRS BT L2 ERNEL R
o

F ZCARMZETIX, 72— Nb
R —7" TiOx(TNO) D % — JF #3158 & Y,
BT IHIE 21TV, Bliy - EROM
H225 TNO OF v U 7 EA DR & N
v MEEBE LT,

EIRRE E IS IR E LB SE =
W, 7THZ—ER Tio, Eard 16 HD
TiJfif-d 1 2% Nb Jfl - CiE# Li=(x =
0.0625 #H4)[3].

Tig9aNbgosO, — B4 ﬂ?“/ﬂ?/l/%ﬂ%(p"
4.4 x 10" Qem, F ¥ U T iEE~15 x10%
cm®, A ABEE 9.2 cm?V s
A L —H — K EPLD)E I LV
LaAIO3(100) # Al FIC/ERL L 7=, 7835 F
D IEMIRSE L 650°C, BEHESYEIL 1x10°
Torr & L. 5% 100 nm Th 5, {EH
L72 TNO I X fREdric L e s
FUXAMELTND Z EE2MRLE,

B EERICH T HEER N OEY B SEEE 143 Y6 E 1L, Photon Factory
150 — T 150 T e s e e e
cB CB
8 Ve % VB $ ol
100 1 @100 1 & Nbd states
% % - . . ’ 2‘ 4l Tid states H i
£ 50 | & 50F '1 1 £
= h E: ‘ e h ‘ 8 2 [
R B VA TR R U LA B A o M, J|
6 4 2 0 2 4 6 4 2 0 2 4 6 4 2 0 2 4
Energy (eV) Energy (eV) Energy[e\-’}
ia,
Fig. 1 Total DOS of (a) stoichiometric pure anatase T|02 and (b) stoichiometric Nb- doped anatase TiO2 (doping
amount correspond to x~0.625). (c) Partial DOS of Ti d (blue line), Nb d (red line) in stoichiometric Nb-doped anatase
TiO,.
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Fig. 2 (a) Valence band spectra of highly-conductive
anatase TipgaNbgosO, thin film measured with hyv =
461.2 eV (on resonance: red curve) and 600 eV (off
resonance: blue curve). (b) Close up view of the spectra
near Fermi energy of (a).

IFEE LW & BRER T, Nb 13%)h
Ry R—X b LTEHANTWE Z
LB S k25723,

DL b, F— R BEE &S 1 el
ExHWT, 7% —EH Nb F—7
TiO, L 7% —EAR ) F—7 TiO, @
N RHEEEER LT, TO/RRE.
Ti3d-Nb4d #LE TR L L T, d #uE
HRDOEEHREZERT 52 RN bho
77o Nb R—=Y o 73 FiEEE2E 2
9. rigid-band fiGIZEAET H Z LA T
X5, mXXVTIRE, aB#E, &
WA Dt E A b 0T 2 — 8
M Nb R—7 TiO, O/ RHE % PR
THZENTET,

#Ee LR E oI ONTIE, B
WK RISIEIREEE, HHEA L EHERRR
WCBHEEIC R F L, £, FR
BREFRII AR U N5 —#d0% & ik
B L OILFEME L 720 £,

References (% 3Cik)

[1] Y. Furubayashi et al.: Appl. Phys. Lett. 86,
252101 (2005).

[2] —#ZKEB, “ZER(bTF & B BIREEME D
Tuar7 477 JISHYE 11 A5 (2008) 1319.

[3] T. Hitosugi et al.: Appl. Phys. Express 1, 111203
(2008).




