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As the minimum feature size decreases, it is more difficult to control critical contaminant
particles. For 16GB flash memory introduced by Samsung a few months ago, 50nm process was used and
in this case, contaminant particles as small as 25nm should be controlled. The particle beam mass
spectrometer (PBMS) was developed to directly sample particles at pressures down to 100 mtorr. This
instrument is sensitive to small particles (>5mm) produced in low concentrations (>20cm™). The PBMS
has proved to be effective in measuring particles generated during semi-conductor fabrication
processes, such as low-pressure chemical vapor deposition (LPCVD) of thin films. The operating

principle of the PBMS and some measurement results are reviewed in this paper.
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Figure 1.Schematic of PBMS and CVD reactor for Si0O, deposition.
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Figure 2.PBMS size distributions measured in the process exhaust and reactor at the base

case conditions.
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Figure 3.Critical pressure (a) and temperature (b) of particle formation.
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Figure 4.Pressure-temperature reaction diagram of the LPCVD of SiOy from SiHs and O,
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Figure 5. (a) Particle size distribution during CVD of Si0O, from SiHs and O, at 1.5torr and

a substrate temperature of 800°C. (b) TEM micrograph of SiO, particles generated at
800 ° C, 1.5torr. (Scale bar: 50 nm)

4. 4B

PBMS = A <H(>100mtorr)ollAl 4=te] A7}(>5mm) 9 F=(>20cm™) S ZAst=d vl a3
dujddel lFHAT. o JEs Fold JAES AGEAECAA w2 F£3E F dx
F7198d=2E 3 RolAn, XIJHE stAE AV AFHANE olfdtd EFHE F
ATk, B =Fojr= PBMS & 53 poly-Si, Si0, BFutel LPCVD ¥A 5 2Asts Uxte] Azt
F5A3L AAsged, 1 Ade o#d HAH U YARA L oHEi=d K& ARE
A& ok

B =F2 Peter H. McMurry 259 A Edlo] v|=9] vjyl4ier tdtwolA 3P AT E

[1] SIA, 2003 International Technology Roadmap for Semiconductors, 2003.

[2] Ziemann, P.J., et al., J. Aerosol. Sci., 26(5), pp. 745756, 1995.

[3] Nijhawan, S., "Experimental and computational study of particle nucleation, growth, and
transport during low-pressure thermal decomposition of silane”, Mechanical Engineering in
University of Minnesota, 1999.

[4] Ziemann, P.J., et al., "Particle beam mass spectrometry of submicron particles formed during
LPCVD of polysilicon films.", On-Line Monitoring Institute of Environmental Sciences - Proceedings
Annual Technical Meeting, 1995. .

[5] McMurry, P.H., et al., J. Vac. Sci. Technol. A, 14(2), pp. 582-587, 1996.

[6] Rao, N.P., et al., Journal of the Electrochemical Society, 145(6), pp. 2051-2057, 1998.

[7] Nijhawan, S., et al. "Particle measurements and transport in silane LPCVD", Contamination
Control Institute of Environmental Sciences - Proceedings Annual Technical Meeting, 1998.

(8] Kim, T., et al., J. Vac. Sci. Technol. A, 20(2), pp. 413-423, 2002.

- 149 -



