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Studies on the generation Kinetics of interfacial defects during

layer-by-layer oxidation on Si surfaces
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To clarify the point defect generation kinetics at Si0./Si interfaces accompanied with oxide growth on Si
surfaces, layer-by-layer oxidation reactions on a n-type Si(001) surface was investigated by real-time
photoelectron spectroscopy. O 1s photoelectron spectra were used to obtain the information on the oxygen
uptake, oxygen adsorption state and band bending, and furthermore the silicon oxidation state was monitored
in real time from Si 2p photoelectron spectra. When the second oxide layer growth was caused by increasing
the substrate temperature and O: pressure at the same time following the first oxide layer growth by
Langmuir-type adsorption, the band bending showed a significant change associated with the changes of the
oxidation state (Si'*, Si**, Si**) and the changes in the amount of strained Si at the interface (Si “ , Si # ), and
then they hardly changed while the oxidation state of Si* increased preferentially. Such a promotion of
oxide growth accompanied with the changes of the oxidation state, strained Si and defect state, which are
closely concerned with each other, suggests that the point defect generation (emitted Si atoms + vacancies)

plays an important role in the oxidation reaction at the SiO/Si interface.
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Fig. 1

spectra taken in situ during oxidation on a Si(001)2 X

Time evolution of (a) O 1s and (b) Si 2psp

1 surface. The substrate temperature was raised from
300 C to 550 Cat an oxidation time of 1887 s ( as
indicated with arrows) at the same time that the O

pressure was increased from 5 X 10° Pato 1 X 107 Pa.
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least squares fitting analysis to the data with two and

(a) O 1s and (b) Si 2ps. spectrum obtained by a

seven components, respectively.
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Fig. 3 Time evolutions of (a) oxygen uptake, (b)
changes of band bending and (c) Si 2psp intensity for
Si'*, Si*, Si* and Si** taken in situ during first and

second oxide layer growth on a Si(001) surface.
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Fig. 4  Schematic illustration of the SiO./Si interface
model with point defects generated due to the volume

expansion of oxidation.
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