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Initial Oxidation of Ti(0001) Surfaces Induced by Supersonic
Oxygen Molecular Beams
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We investigated the correlation between initial sticking coefficient and O, transitional kinetic energy to
understand O, adsorption processes at the Ti(0001) surface via photoemission spectroscopy for O-1s and
Ti-2p core levels using the surface reaction analysis apparatus, installed at the JAERI soft x-ray beamline
BL23SU in the SPring-8. We observed the decrease of initial sticking coefficient of O, molecules at the
Ti(0001) surface with increasing O, transitional kinetic energy. From comparison with surface oxidation
mechanisms of Si(001) by supersonic O, molecular beams, we concluded that the 0O, adsorption at the
Ti(0001) surface proceeded by a trapping-mediated dissociative adsofption ‘mechanism. The constant
dependence of the initial sticking coefficient on incident angle of O, beams also suggested the propriety of

the trapping-mediated surface reaction mechanism.

Keywords : Ti(0001), Oxygen Molecule, Oxidation, Supersonic Molecular Beam, Photoemission

Spectroscopy, Initial Sticking Coefficient
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A top view of the surface reaction analysis apparatus

(SUREAC2000) used in this study
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A side view of the surface reaction analysis apparatus
(SUREAC2000) used in this study
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Flg 4

A low-energy electron diffraction (LEED) pattern of the clean
Ti(0001) surface. It was cleaned by Ar-ion sputtering (1 keV,
~1.5 £ A, 20 min) and annealing (873K, 30min). A hexagonal
LEED pattern with 1 X 1 spots is observed.
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Fig.5

A wide scan of x-ray photoelectron spectrum, taken by using

- Synchrotron Radiation (hv = 662.2 eV) on the clean Ti(0001)

surface. Although the O-1s peaks were slightly observed, any

oother peaks for Cl and S were not observed.
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Fig.6

Time evolutions of O- 1s and Ti-2p photoelectron spectra. These
spectra were obtained by using Mg-Ka. x-ray (hv = 1253.6 eV) in
the O, transitional kinetic energy of 1.8 eV at room temperature.

- Incident angle of the O, molecular beams was surface normal.
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Time evolutions of O-1s and Ti-2p photoelectron spectra. These
spectra were obtained by using monochromatic synchrotron
radiation (v = 662.2 eV) during oxidation on the Ti(0001)
surface in the O, transitional kinetic energy of 2.25 eV at room
temperature. Incident angle of the O, molecular beams was

surface normal.
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Fig.8

Time evolution of O-1s photoelectron peak intensity. The O-1s
photoelectron peaks were observed by using Mg-Ka x-ray (hv
= 1253.6 ¢V) in the O, transitional kinetic energy of 1.8 eV at
room temperature. Incident angle of the O, molecular beams
was surface normal.

— 15—



JAERI—Tech 2004—046

SOR (662.2 eV)

E =225¢eV ~
T,=RT

| I 1 | l 1 1 i 1 I 1 i | 1 l 1 1 I —i

0 5000 10000 15000
0, Dose (L)

O 1s Intensity (arb. units)

Fig.9

Time evolution of O-1s photoelectron peak intensity. The O-
1s photoelectron peaks were observed by using
monochromatic synchrotron radiation (kv = 662.2 eV) durmg
oxidation on the Ti(0001) surface in the O, transitional kinetic
energy of 2.25 eV at room temperature. Incident angle of the
O, molecular beams was surface normal. |
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Fig.10

- Time evolutions of O-1s photoelectron peak intensity. The O-

1s photoelectron peaks were observed by using monochromatic
synchrotron radiation (kv = 662.2 V) during oxidation on the
Ti(0001) surface at room temperature in the O, transitional
kinetic energy of 2.25 ¢V (@) and 0.03 eV(O), respectively.
Incident angle of the O, molecular beams was surface normal.
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Fig.11

‘A low-energy electron diffraction (LEED) pattern observed
after oxidation on the Ti(0001) surface at room temperature in
the O, transitional kinetic energy of 2.25 eV and the O, dose of
10000 L. Although background is higher than that of clean
surface, 1 X 1 spots are clearly observed. It reveals that epitaxial
growth of the oxide film takes place on the Ti (0001) surface.
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Fig.12

Correlation between initial sticking coefficient of O, molecules
on the Ti(0001) surface and the O, transitional kinetic energy.
The initial sticking coefficient decreases with increasing the
translational kinetic energy. This fact reveals that the dissociative
adsorption of O, molecules takes place on the Ti(0001) surface
via a trapping-mediated adsorption mechanism.
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Fig.13

A schematic of the trapping-mediated dissociative adsorption
model
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Fig.14

Correlation between initial sticking coefficient of O, molecules
on the Ti(0001) surface and incident angle of the O, molecules
in the incident energy of 2.25 eV. In spite of increase of
incident angle, the initial sticking coefficient was independent
of the incident angle. This fact also suggest the trapping-
mediated adsorption mechanism. -
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