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Experimental and theoretical study on laser cleaning Al,O;
particle on silicon wafer surface
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Abstract: The laser cleaning of Al,O; particles which are the main component of the silicon wafer lap-
polishing solution commonly used in industry nowadays was studied by experiments combined with
theoretical analysis. The simple heat-conduction model was built and the temperature field on silicon
wafer surface during laser cleaning was simulated using the finite element method. The adhesion force
between the particle and the substrate and cleaning force acting on the particles were calculated, and
the theoretical threshold of laser cleaning 1 pm AL O, is 60m]J * cm *. Under the guidance of the
mechanism analysis, a serial of laser dry cleaning experiments were carried out to study the depend-
ence of laser cleaning efficiency on laser fluence, numbers of pulse, and laser beam incidence angle on
silicon wafer surface using 248 nm, 30 ns, KrF excimer laser, Which confirmed the clean model as

well as the effect of the field enhancement on laser cleaning.
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Tab. 1 Thermal parameters of silicon at different temperatures
W C 57.3 74.7 88. 39 102. 06 115.74 129.42 143.10
s C
735.23 750. 98 762.51 773.28 783. 31 792.59 801. 11
[J/(kg + C)]
) 131. 59 122.18 115. 37 109. 10 103. 34 98. 11 93.41
[W/(m+ C)]
Y WK o . .
) 7.705 7.004 6.513 6.073 5.679 5.329 5.019
[107°m?*/s]
WHEC 156. 77 170. 45 184.13 197. 82 211.48 225.16 327
s C
808. 88 815.91 822.19 827.72 832. 49 836.52 867
[J/(kg » C)]
SRR R -
. 89. 23 85.57 82.43 79. 82 77.73 76.17 62
[W/(m+ C)]
o 4,748 4,515 4,316 4. 151 4.02 3.92 3.078
[107°m*/s]
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Fig. 1 Distribution of temperature field of silicon

wafer surface with time and energy density
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Tab. 2 Physical parameters of particle and substrate
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Tab. 3 Basic parameters of silicon wafer
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Fig. 2 Results of theoretical calculation
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Fig. 3 Dependence of laser fluence on cleaning efficiency
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