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Formation and interfacial analysis of silicon oxynitride film using
combination of hyperthermal O-atom exposure and N-atom

implantation technology
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The oxynitride film formed by a combination of laser detonation-induced hyperthermal oxygen atom beam
and nitrogen molecule beam was analyzed by synchrotron radiation photoelectron spectroscopy (SR-PES). Two
fast nitrogen molecular beam sources were used in this study; laser-induced detonation source and low energy
ion beam source coupled with charge exchange neutralization. It was shown that the oxygen atom and nitrogen
molecule with kinetic energy of 5 eV react with Si(001):H and form chemical bonding of Si-N. A multilayered
structure of the oxynitride film was successfully formed depending upon the exposure sequence and impinging

energy of a nitrogen beam.
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Laser-induced hyperthermal atom beam
source at Kobe University
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Figure 2
apparatus at BL23SU used in this study

Low-energy molecular/atom/ion beam
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SR-PES Si 2p spectra of Si(001) exposed to nitrogen molecular beam. (a): Take-off angle of

photoelectron 90° , (b): Take-off angle of photoelectron 20°



Table 1
in oxynitride film formed by molecular nitrogen

Fraction of Si atoms forming Si-N bonding

beams with translational energies between 1.6 to

6.9 ¢eV.
Translational Take-off angle
energy of N
1 20deg. 90 deg.
1.6 eV 14.2% 14.7%
2.8 eV 11.1% 16.9%
4.4 eV 8.4% 17.9%
6.9 eV 5.8% 23.3%
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Figure 4 SR-PES spectra of Si(001) exposed to
molecular nitrogen beams (a): translational
energy 2 keV, (b): translational energy 6.9 eV
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