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AFM analysisindicates that gas cluster ion beam (GCIB) technology could change the way substrate
surfaces are processed today. The present commercial application for GCIB is atomic level
smoothing of substrate surfaces of avariety of materials, including semiconductors, metals, and
photonics materials. Thisis done with long exposures to the cluster beam in @ntrolled patterns.

Smoothing application exposures were done on a variety of materials. Low dose exposures were
done on pristine oxide (S O;) films on silicon wafer surfaces. All AFM datais from aDigital
Instruments Dimension 3100 AFM using TappingMode, using the highest quality Si AFM probes.

Figure 1 showstwo AFM scans of individual cluster impact craters on SIQ, films, which are
produced with only avery brief exposure of ionized argon clusters. The craters indicate the removal
of material [1]. These cratersrange in size from 5nm to 25 nm in diameter and 1nm to 5 nm deep.

Figure 2 shows AFM data for lead zirconium titanate (PZT) processed for a smoothing application.
Figure 2a shows a 1 scan of PZT unprocessed, 2b shows the PZT after GCIB processing, and 2c
shows the power spectral density (PSD) comparison of 2aand 2b. Analysis of the PSD indicates
that the long wavelength roughness (sub-micron features) is significantly reduced by GCIB
processing. After GCIB exposure, the surface roughress is dominated by a homogeneous short
wavelength roughness, which isthe result of multiple overlapping craters. This short wavelength
roughness is made up of nanometer scale features, as indicated in Figure 2c by the “knee” of the
PSD of the GCIB processed sample. The dimensions here are consistent with those of individual
cratersseen in Fig.1. Analysisof this data shows GCIB’ s effective smoothing window on the PSD
as being between approximately 1y and 5nm. This trend is maintained on features near 1 as seen
on larger scans[2]. The dataindicate that GCIB can modify arough surface with large (1) features
to a smooth surface with small (1-5nm) features [3].

GCIB exposure on SiO, produces impact craters that have a particular morphology. Through atomic
force microscopy and analysis, the morphology of the cratersis shown to determine the minimum
wavel ength roughness of a surface in the smoothing application. The range of crater size is shownto
be a dominant wavelength band in the PSD of the fully processed material. GCIB achieves its goal
of material removal and surface smoothing by the repeated and combined effects of multiple
overlapping cluster impact craters[4].
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Fig.2a. Unprocessed PZT Fig.2b. GCIB Processed PZT
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Fig.2c. Power Spectral Density comparison for PZT samples
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