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Abstract — The primary objective of this study is to treat a monocrystalline silicon (Si) wafer having a thickness
of 279 pm by employing the ultrasonic nanocrystal surface modification (UNSM) technology for improving the
efficiency and service life of nano-electromechanical systems (NEMSs) and micro-electromechanical systems
(MEMSs) by enhancing of wear and corrosion resistances. The wear and corrosion resistances of the Si wafer
were systematically investigated before and after UNSM treatment, wherein abrasive, oxidative and spalling wear
mechanisms were applied to the as-received and subsequently UNSM-treated Si wafer. Compared to the as-
received state, the wear and corrosion resistances of the UNSM-treated Si wafer are found to be enhanced by
about 23% and 14%, respectively. The enhancement in wear and corrosion resistances after UNSM treatment
may be attributed to grain size refinement (confirmed by Raman spectroscopy) and modified surface integrity.
Furthermore, it is observed that the Raman intensity reduced significantly after UNSM treatment, whereas neither
the Raman shift nor new phases were found on the surface of the UNSM-treated Si wafer. In addition, the friction
coefficient values of the as-received and UNSM-treated Si wafers are found to be about 0.54 and 0.39, respec-
tively. Hence, UNSM technology can be effectively incorporated as an alternative mechanical surface treatment
for NEMSs and MEMSs comprising Si wafers.

Keywords —silicon wafer (22| ¢l|0]3), friction and wear behavior (FF2PE 7%, corrosion ((-2]), ultrasonic
nanocrystal surface modification technology ESIdd=zundrle)
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Table 1. UNSM treatment parameters

Freq., Ampl., Load, Speed, Feed,
kHz pum N mm/min mm
20 10 24 1000 0.03
r——< il g | = 2D um:.:: i
R0 v pran T .
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Fig. 1. Schematic view of a UNSM technology.
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Fig. 2. A photography of the UNSM-treated Si wafer
(a) and its cross-sectional OM image (b).
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Table 2. Friction and wear test conditions

Normal load, N |Speed, cm/s|Stroke, mm | Time, min
10 2.51 2 60
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Table 3. Potentiodynamic polarization test conditions.
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3.5% NaCl 12 -1 to +1 23~25
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Fig. 3. Schematic view of a corrosion test configuration.
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Fig. 4. 3D LSM images of the as-received (a) and UNSM-
treated (b) Si wafers.
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Fig. 5. 3D LSM images along with cross-sectional
profiles showing the indent generated on the surface of
the as-received (a) and UNSM-treated (b) Si wafers.
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Fig. 6. Raman spectroscopy results of the as-received
(a) and UNSM-treated (b) Si wafers.
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Fig. 7. Friction coefficient with respect to sliding distance
of the as-received and UNSM-treated Si wafers.
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Fig. 8. 3D LSM images along with cross-sectional
profiles (a and b) of the wear tracks on the surface and
wear rate (c) of the as-received and UNSM-treated Si

wafers, respectively.
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Fig. 10. Corrosion resistance of the as-received and
UNSM-treated Si wafers.
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