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Fig. 1. Optical microscope images and average lengths of the OSF which was formed on the
nucleation centers of Cu precipitates and scratches, respectively, by the oxidation at 1100 °C

for 4 h for heavily Sb-doped Cz silicon specimens.
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Fig. 2. Optical microscope images and average lengths of the OSF which was formed on the

nucleation centers of Cu precipitates and scratches, respectively, by the oxidation at 1100 °C

for 4 h for heavily P-doped Cz silicon specimens.
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Fig. 3. OSF length versus oxidation time at different
temperatures for heavily Sb-doped and P-doped Cz

silicon wafers.
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Fig. 4. Binding energy of a vacancy and a P or Sb atom

under different configurations. 1NN, 2NN, 3NN, 4NN
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Fig. 5. Binding energy of a vacancy and a self-
interstitial under different configurations. ’NN,
2’NN, 3’NN, 4’NN represent that a vacancy locates
at the 1st, 2nd, 3rd, and 4th nearest neighboring sites
of a dopant atom, respectively, and NNN represents
that a vacancy is infinitely separated from a dopant

atom. NULL represents no dopants.
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Effects of dopants on the growth of oxidation-induced
stacking faults in heavily doped n-type Czochralski
silicon
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Abstract

Through comparative investigation on the growth of oxidation-induced stacking faults (OSFs) in heavily antimony
(Sb)-doped and phosphorus (P)-doped Czochralski (Cz) silicon wafers with almost the same resistivity, effects of dopants
on the growth of OSF in heavily doped n-type Cz silicon are studied experimentally. Moreover, the influences of Sb
and P atoms on the recombination of self-interstitials and vacancies are also explored on the basis of the first-principles
calculations. It is shown experimentally that all the OSF lengths are almost identical regardless of the type and density
of OSF nucleation centers, such as copper precipitates and mechanical scratches etc.. However, it is found that the
OSF length of heavily Sb-doped Cz silicon wafer is larger than that of heavily P-doped Cz silicon wafer under the
same oxidation condition. Essentially, the OSFs are formed by the aggregation of silicon self-interstitials released at the
Si/SiOzinterface during the oxidation. Therefore, a longer OSF implies that a higher quantity of silicon self-interstitials
remains after the recombination of vacancies and silicon self-interstitials in the heavily Sb-doped Cz silicon wafer. The
first-principles calculations based on density functional theory (DFT) indicate that Sb atoms combine with vacancies more
readily than P atoms. This is actually due to the fact that Sb has a much larger atomic size than P. In other words, as
compared with P atoms, the Sb atoms are the more efficient vacancy-trapping centers, thus retarding the recombination
of vacancies and silicon self-interstitials. Consequently, the silicon self-interstitials remain after recombination with the
vacancies that are much more in heavily Sb-doped Cz silicon wafer than in heavily P-doped counterpart when undergoing

the same oxidation. In turn, the OSFs in heavily Sb-doped silicon wafers are relatively longer.

Keywords: dopants, point defects, OSF, Czochralski silicon
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