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Dose measurement of ion implanted silicon by RBS technique.
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Abstract: Surface modification can be achieved by ion implantation. This study used
a 1 mm thick silicon wafer as a target which was implanted with Ar+ at 80 keV. The
degree of the modification depends on both the ion energy and the implanted dose.
The distribution of argon in the silicon substrate and the absolute implanted dose can
be measured by using Rutherford Backscattering Spectrometry (RBS). These
investigations utilized a 1.7 MV Tandetron accelerator system at Chiang Mai
University. The dose determination by a direct calculation is in agreement with the
simulation by the SIMNRA code.

Methodology: The samples were 1 mm thick wafer grade silicon. The Ar+ ions at 80
keV were produced by the Varian ion implanter at Chiang Mai University. The RBS
experimental setup is situated at the end of one of the beam line of the 1.7 MV
Tandetron accelerator at Chiang Mai University. By using a terminal voltage of 700
kV, we can have a H e ^ beam of 2.13 MeV at the sample position. All RBS
experiments were carried out at normal incidence. The samples were amorphized to
eliminate channeling effects. The scattering angle was 170° and SSB detector solid
angle of 1.36 msr was used. We used two methods of data reduction. The direct
calculation uses well defined approximations to obtain results. The implanted dose is
determined from the area of the corresponding signal (in counts) of the energy
spectrum. The implanted dose is then given by D=(A-DTR)/(QQaR[a/oR])[1] where
A is the area under the peak, DTR is the dead-time-ratio, Q is the number of incident
particles, Q is solid angle and cjR[a/cTR] is the corrected cross-section at both high and
low energies for all projectile-target pairs. The results are then compared with the
second method using the SIMNRA code to simulate the RBS spectra.



Results, Discussion and Conclusion: Energy spectrum of the backscattered He^
ions from the implanted silicon target clearly shows that the silicon leading edge is
well separated from the gaussian argon peak. From this, we can estimate the range of
80 keV Ar+ in silicon as 160 nm . The evaluation from both methods show the
average of an implanted dose ratio as 1.017 which is very close to unity. In other
words, we can use either of these methods to determine a uniformity in the RBS
chamber of a broad ion beam generated from a low energy ion implanter and a
detector solid anglef3l

Acknowledgements: We are gratitude to the financial support from NECTEC and
MTEC. Also, T. Kamwanna and S. Intarasiri acknowledge the support from the PDST
scholarship and the RGJ scholarship, respectively.

References: [1] Tesmer, J.R., Nastasi, M., Handbook of Modern Ion Beam Materials
Analysis, Materials Research Society, Pittsburgh, Pennsylvania, 1995.

[2] Chu, W.K., Mayer, J.W., Nicolet, M.-A., Backscattering Spectrometry,
Academic Press.New York, 1978.

[3] Boudreault, G., Jeynes, C , Wendler, E., Nejim, A., Webb, R.P.,
Watjen, U., Surf. Interface Anal.478-486 (2002) 33.

Keywords: Rutherford Backscattering Spectrometry; ion implantation; SIMNRA code;
Tandetron accelerator; dose measurement.


