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In Situ Photoemission Spectroscopy Using Synchrotron Radiation for O, Trandlational
Kinetic Energy Induced Oxidation Processes of Partially-oxidized Si(001) Surfaces
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The influence of trandational kinetic energy of incident O. molecules for the passive oxidation process of partially-
oxidized Si(001) surfaces has been studied by photoemission spectroscopy. The translational kinetic energy of O, mole-
cules was controlled up to 3 eV by a supersonic seed beam technique using a high temperature nozzle. Two translationa
kinetic energy thresholds (1.0 eV and 2.6 eV) were found out in accordance with the first-principles calculation for the
oxidation of clean surfaces. Si-2p photoemission spectra measured in representative translational kinetic energies re-
vealed that the translational kinetic energy dependent oxidation of dimers and the second layer (subsurface) backbonds
were caused by the direct dissociative chemisorption of O, molecules. Moreover, the difference in chemical bonds for
oxygen atoms was found out to be as low and high binding energy components in O-1s photoemission spectra. Espe-
cialy, the low binding energy component increased with increasing the trandational kinetic energy that indicates the
translational kinetic energy induced oxidation in backbonds.
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Fig. 1 The saturated oxygen amount on Si(001) surfaces as a
function of translational kinetic energy of incident O,
molecules. The amount of oxygen on the surface was
measured as O-1s photoemission peak area intensity
by using Mg-K o line with the take-off angle of zero
degree with respect to the surface normal. The symbol
m  represents the results obtained by a variation
method of translational kinetic energy with constant
nozzle temperature of 1400 K and varied mixing ratio
of OJHeJAr. Thesymbol e and A represent the re-
sults obtained by variation methods of trandational
kinetic energy with varied mixing ratio of O.0 He and
constant nozzle temperature of 940 K and 1160 K, re-
spectively.
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Si-2p photoemission spectra for Si(001) surfaces oxi-
dized up to saturation coverage at room temperature
by O. molecules with various trandational kinetic en-
ergies (E): (a) for B0 0.04 eV, (b) for EE0 2.0 eV
and (c) for E:J 3.0 eV, respectively. The take-off an-
gle for photoelectrons is 70 degrees and the photon
energy is 403.5 eV. The escape depth of photoelec-
trons is estimated to be 0.3 nm. The photoemission
intensity is normalized by relative photon flux.

Fig. 2
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Fig. 3 O-1s photoemission spectra for Si(001) surfaces oxi-

dized up to saturation coverage at room temperature
by O. molecules with various trandational kinetic en-
ergies (E): (a) for B0 0.04 eV, (b) for E00 2.0 eV
and (c) for B0 3.0 eV, respectively. The take-off an-
gle for photoelectrons is 70 degrees and the photon
energy is 951.7 eV. The photoemission intensity is
normalized by relative photon flux.
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Fig. 4 Schematic views of an initially-oxidized Si(001) surface: (a) for partial oxida-
tion by residual H-0O molecules during cooling down of surface temperature,
(b) for dimer bridge site oxidation by O, molecules with 0.04 eV trand ational
kinetic energy without any potential energy barrier, (c) for backbond oxida
tion of dimer bridge sites by O. molecules with 2.0 eV translational kinetic
energy and (d) for backbond oxidation of the second layer (subsurface) S at-
oms by O, molecules with 3.0 eV trandationa kinetic energy.
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