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It is widely recognized that, in comparison with conventional Ar® sputter etching, Argon gas cluster ion beam
(Ar-GCIB) sputtering provides mild etching of a sample surface because of its low energy per atom and lateral sputtering
effect. X-ray photoelectron spectroscopy (XPS) combined with Ar-GCIB has become established as an in-depth analysis
technique for organic materials. Considering such advantages, Ar-GCIB irradiation conditions were investigated for
removal of organic contaminations on inorganic material surfaces. The bonding state of the native oxide on the
Si-substrate surface was employed as an indicator of surface damage. It was found that the incident angle of Ar-GCIB
irradiation strongly affects the roughness and damage to the surface. It was also found that the surface contamination
layer can be removed without affecting the native oxide film on the Si-substrate when the incident angle is 85° for
Aryg0e" and 80° for Arygqo”, respectively.
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Fig. 1.1. Equipment layout for XPS measurement with
Ar-GCIB (Top view)
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Fig. 1.2. Equipment layout for XPS measurement with
Ar-GCIB (Side view)
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Fig. 2. XPS spectrum of O 1s, Si 2p, C 1s, Ar 2p of Si surface after irradiation of Ar-GCIB with different incident angles. (a) Aryo” ;
(b) Ary0o". The acceleration energy, the irradiation dose and the photoelectron take off angle for both cases were 10 keV, 2.5E15

ions/cm?and 45 degrees, respectively.
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Fig. 3. Correlation between incident angle of the Ar-GCIB and
the oxygen concentration at the Si surface.
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Fig. 4. AFM images of Si-substrate after irradiation of
Ar-GCIB with different incident angles. (a) Arigg"; (b)
Aryo'. The acceleration energy, the irradiation dose and the
photoelectron take off angle for both cases were 10 keV,
2.5E15 ions/cm?and 45 degrees, respectively. The AFM
images were taken in 2 um x 2 pm area.
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Fig. 5. Correlation between incident angle of the Ar-GCIB and
surface roughness of the Si surface.
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Fig. 6. HR-RBS spectrum of Si surface after irradiation of Ar-GCIB with different incident angles (5 and 85 degrees). HR-RBS
spectra measured with a scattering angle of 65 degrees and energy of 450 keV. He" ions were injected in <101> channeling direction.
The Ar-GCIB cluster size, the acceleration energy and the irradiation dose conditions were Aryg00",10 keV and 2.5E15 ions/cm?,

respectively.
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Fig. 7. Depth profile (derived from HR-RBS spectrum) for different incident angle of Ar-GCIB.
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Fig. 8. Correlation between incident angle of the Ar-GCIB and
ratio of FWHM of Si 2p before and after Ar-GCIB irradiation.
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