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Studies on Photo-Chemical Reactions of SFs Molecule and Semiconductor
Surfaces using Synchrotron Radiation

Kozo MOCHIJI
Central Research Laboratory, Hitachi Ltd.

Photo-dissociation of SF¢ and: photon-stimulated ion desorption from chemically and
physically modified Si and GaAs surfaces are investigated by using synchrotron radiation.
Excitation of fluorine K and sulfur L levels of SF, yields highly dissociated and multiply
charged ions such as SF”, S”, and S™ that are not seen with valence level excitation.
Excitation of sulfur L levels is found to be more dissociative than that of fluorine K levels
in the sense that more atomic ions and more multiply charged ions are produced. The
generation mechanism for S™ is discussed by considering the two-step Auger cascade
decay of sulfur L holes.

Photon-stimulated desorption of H', O, and F* ions was observed from hydrofluoric
(HF) acid treated Si surfaces. The yield of O" ions was increased more than 30-fold by
exposure to atomic hydrogen before irradiation of synchrotron radiation. Low kinetic
energy H' ions are observed only from HF treated Si surface presumably arising from
scission of Si-H bonds while higher kinetic energy H® ions attributed to adsorbed
hydrocarbon dissociation are observed both for the HF treated and as-received Si surfaces.
By irradiation of synchrotron radiation on SF.-adsorbed SiO, and Si surfaces, ionic
products such as SiF" and SO are obtained only from SiO, which corresponds to selective
etching of SiO,. Photon-stimulated desorption of Ga' ions is observed only from chlorine
(Cl)-adsorbed GaAs (100) surface while C1® desorption was observed both from
Cl-adsorbed GaAs (100) and GaAs (111) B surfaces. The photon energy dependence of
C1" desorption yield suggests that the photo-ionization of Cl-core levels is much more
effective for C1" desorption than that of As core levels.

The mechanisms for the above results are discussed from the viewpoint of localization
of multiple holes which are produced through core-level excitation by synchrotron
radiation and Auger relaxation. Additionally, the possibilities of using synchrotron
radiation-induced reactions for controlling surface structure on the atomic scale are
discussed.
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Fig.1 Experimental setup for time-of flight mass spectroscopy of fragment
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Fig.13 Photoelectron and Auger electron spectra for
(a) as-received, (b) HF treated Si(100) sur-
faces excited at a photon energy of 700eV.
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Fig.16 Photoelectron core-level spectra for clean (a), (b), and chlorine-adsorbed
(c), (d) GaAs(111) B surfaces. Incident photon energy was 125eV for all

spectra.
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