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Research work has been carried out to address the factors governing laser drying process, during which thickness of
water thin film, lift-off velocities and water layer removal time on Si substrate surfaces were monitored. Monitoring of
both lift-off velocities and water thin film removal time was carried out using He-Ne laser of 632.8 nm wavelength.
Fourier Transform Infrared Spectroscopy (FTIR) was used to measure the water thin film thickness on the substrate
surfaces. 1D simulation was used to estimate the temperature increase on the material surface upon laser irradiation.

With the increase in nitrogen flow rate, the time taken to remove the water thin film from the Si surface increases.
The average thickness of the water thin film on the Si surface was found to be 800 nm using FTIR technique. Water thin
film removal time was found to be a few hundreds of microseconds using the optical probe techniques. Lift-off velocities
as high as 10 m/s were observed above the substrate surface. It was found that it takes 400 ps to remove the steam layer
from the Si surface at 200 mJ/cm®. Temperature rise of 145 — 180 °C at a fluence of 150 mJ/cm2 was obtained using both
the 1D simulation and SLIM calculations.

In this work, molecular dynamics (MD) programs have been developed to study the behavior of water molecules in
laser-assisted surface drying. The widely-adapted TPI4P potential is used in the program to model the Van der Waals
interaction and electric force among H and O atoms. In addition, the 9-3 potential is used in the program to simulate the
interaction between water molecules and the to-be-dried substrate surface. Detailed and systematic tests showed that the
developed MD programs worked well in terms of reserving the liquid structure of water on the substrate surface and
predicting the water interaction with the surface. Different cases for heating of the water films from the substrate surface
have been explored using the newly developed MD programs. The simulation showed that upon fast laser heating of the
substrate surface (~picoseconds), the water film was quickly vaporized and ejected from the substrate surface. The moving
speed of the ejected water liquid was in the order of tens of m/s. After drying, there were few water molecules remained
on the substrate surface, indicating the very high effectiveness of laser-assisted surface drying.




