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The fundamental characteristics of the resist removal-cleaning system using cryogenic micro-nano solid nitrogen spray
flow are investigated by a new type of integrated measurement and numerical technique. The obtained results are
summarized as follows.

[1] It was numerically and experimentally found that the thermomechanical effect of cryogenic micro-solid particulate spray
play an important role to the physical force type resist removal-cleaning method. The hybrid interactive effects of fluid
mechanical force by impingement of micro solid particle and thermomechanical force due to ultra-high heat transfer
characteristics contribute to the resist removal-cleaning process.

[2] By using both technique of the heat addition to the wafer and ultrasonic atomization, the solid-phase nucleation was
enhanced and the particle number density becomes large, also the micro-nano solid nitrogen particles ware extensively
atomized and minimized until 40% diameter size of without ultrasonic case. As a result, the 90% of resist can be removed
and the ashing-less wafer surface cleaning has been achieved. The multiplier effects both thermomechanical and ultrasonic
atomization contribute to improve the resist removal-cleaning process.

[3] The effect of cryogenic spray heat transfer mechanism on wafer surface was numerically investigated. It is found that the
ultimate high-heat flux cooling has been attained by micro-nano solid nitrogen spray cooling. The satisfactory temperature
decreasing effect is obtained at the wafer surface region where the residual number density of impinging solid nitrogen
particle on the wafer becomes large.

[4] The integrated parallel computation for impingement dynamics between solid nitrogen particle and wafer resist has been
performed. It can be predicted that resist removal performance is improved by the scraping effect of impinging solid
nitrogen particle fragment in the narrow section between the resist.




