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The surface of BaTiOs single crystal was cleaned by Ar gas cluster ion beam (Ar-GCIB) etching. We
carried out XPS measurement on the cleaned surface and clarified chemical state’s changes of Ti and Ba
element.

Surface cleaning was also carried out by the conventional Ar monoatomic ion beam etching to compare
the damage on the chemical state of BaTiO; single crystal. Ti was reduced and changed its valence from
Ti** to Ti** by Ar monoatomic ion beam etching at 2 keV energy. Moreover, Ba 3d XPS spectrum showed a
large peak shift of 2 eV toward higher binding energy. On the other hand, we found that Ar-GCIB is useful
to clean the surface without any chemical state’s change of Ti and Ba in BaTiOj single crystal.
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Fig. 1. XPS wide spectrum taken from surface of as-grown BaTiO;single crystal. Inset (b) shows narrow XPS spectrum of C 1s.
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Fig. 2. C 1s XPS spectra taken from surface of BaTiO;sin-
gle crystal. Peak intensities were normalized by the C 1s
spectrum’s area intensity of as-grown BaTiOj; single crystal
[(a) as-grown, (b) etched by Ar* monoatomic ion beam at 2
keV energy for 15 sec, (c) etched by Aryg" cluster ions at
2.5 keV energy for 240 sec].
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Fig. 3. Effect of etching time T on the area intensity of C 1s
XPS spectra. The area intensity was normalized by the one
of as-grown BaTiO; single crystal. The normalized area
intensity was expressed by the fraction of C1s(T) / C1s (0)
[(a) etched by Ar* monoatomic ion beam at 2 keV energy,
(b) etched by Aryq" cluster ions at 2.5 keV energy]. Inset
(c) shows that Ar is absent from the surface etched by
Ar00” cluster ions at 2.5 keV energy for 240 sec.
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Fig. 4. Ti 2ps, XPS spectra taken from surface of BaTiO3
single crystal [(a) as-grown, (b) etched by Ar" monoatomic ion
beam at 2 keV energy for 15 sec, (c) etched by Aryg" cluster
ions at 2.5 keV energy for 240 sec, (d) BTO crystal structure].
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Fig. 5. Ba 3ds;, XPS spectra taken from surface of BaTiO;
single crystal [(a) as-grown, (b) etched by Ar" monoatomic ion
beam at 2 keV energy for 15 sec, (c) etched by Aryg" cluster
ions at 2.5 keV energy for 240 sec].
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Fig. 6. O 1s XPS spectra taken from surface of BaTiO;single
crystal [(a) as-grown, (b) etched by Ar" monoatomic ion beam
at 2 keV energy for 15 sec, (c) etched by Ar,g" Cluster ions at
2.5 keV energy for 240 sec].
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