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It is important to determine atomic structures of impurity defects in semiconductors from scientific
as well as technological view points. Recently, powerful synchrotron radiation facilities like SPring8
have enabled the X-ray photoelectron spectroscopy (XPS) measurements for atomic structure
determination in high accuracy. Since there is no one-to-one correspondence between XPS
spectra and atomic structures, highly accurate theoretical analysis is required to interpret
experimental results. There are, however, few reliable calculations. This is mainly due to the
difficult evaluation of model boundaries. In this study, we carefully evaluate the boundary condition
and obtain reliable XPS values using the density functional theory.

We investigated the X-ray photoelectron spectroscopy (XPS) binding and formation energies of
arsenic and phosphorous defects in silicon crystal using a first-principles calculation. Arsenic and
phosphorous are the most important n-type dopant elements in silicon industries.

The convergence of the XPS binding energy is carefully checked and we adopted the cubic
supercell corresponding to 1000 Si atoms.

The charged states possible in n-type condition and spin states are also considered. In terms of
arsenic, the models, which are comprised of one vacancy and a few nearest neighbor
substitutional arsenic atoms, explain the experimental XPS binding energy peaks. Among the
models, considering the number of included arsenic atoms, the negatively ionized defect of
vacancy and one arsenic atom is probable to explain the experimental peak. In the case of
phosphorus defects in silicon, the similar results are obtained except for the point that a few defect
models without vacancies reveal the XPS binding energy close to the defects including a vacancy.
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First principles X—ray photoelectron spectroscopy calculation of n—type dopants in silicon crystal

1. HIREBRFROBE

FEARERPICEBTE2TMEYTEORFREFREBERZEXILAAGAENSELEETHY . Hifi TIE SPringd 12E O B 1EE st
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2. MIREBREAEEOBE R

It is important to determine atomic structures of impurity defects in semiconductors from scientific as well as technological view
points. Recently, powerful synchrotron radiation facilities like SPring8 have enabled the X-ray photoelectron spectroscopy (XPS)
measurements for atomic structure determination in high accuracy. Since there is no one—to—one correspondence between XPS
spectra and atomic structures, highly accurate theoretical analysis is required to interpret experimental results. There are, however,
few reliable calculations. This is mainly due to the difficult evaluation of model boundaries. In this study, we carefully evaluate the
boundary condition and obtain reliable XPS values using the density functional theory.

We investigated the X-ray photoelectron spectroscopy (XPS) binding and formation energies of arsenic and phosphorous defects in
silicon crystal using a first—principles calculation. Arsenic and phosphorous are the most important n—type dopant elements in silicon
industries.

The convergence of the XPS binding energy is carefully checked and we adopted the cubic supercell corresponding to 1000 Si atoms.
The charged states possible in n—type condition and spin states are also considered. In terms of arsenic, the models, which are
comprised of one vacancy and a few nearest neighbor substitutional arsenic atoms, explain the experimental XPS binding energy
peaks. Among the models, considering the number of included arsenic atoms, the negatively ionized defect of vacancy and one
arsenic atom is probable to explain the experimental peak. In the case of phosphorus defects in silicon, the similar results are
obtained except for the point that a few defect models without vacancies reveal the XPS binding energy close to the defects
including a vacancy.
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