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Abstract

In a single wafer spin cleaner, the wafer is rotated at high speed to spin off ultrapure water and clean air is blown
perpendicular onto the surface to dry the wafer. Interaction between the rotating wafer and blown air generates vortices and
the recirculation flow due to the vortices may cause reattachment of contaminants on the wafer surface. Therefore, we
experimentally investigated vortical structures and the conditions of their formation in a modeled cleaner by using particle
image velocimetry (PIV). The model was a 330 mm diameter rotating disk in a 520 mm diameter cylindrical stationary
housing. Laminar blown air was from the housing inlet onto the rotating disk. The rotating speed of the disk was changed up
to 2000 rpm and the blown air rate was up to 3.0 m*/min. Our PIV data show that vortices were generated on the upper and
lower sides of the disk near the outer edge and collided with each other to form a large one. Additional large scale vortices
were observed on the housing wall for the rotating speed of the disk above 200 rpm. The scale of the vortices increased and
their generation frequency increased as the rotating speed increased. This work also investigated the optimum blown air flow
rate against the rotating speed of the disk to prevent from generating the vortices.
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Fig. 1 Single wafer spin cleaner of industrial use.
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Fig.2 Schematic diagram of the experimental apparatus. Fig. 3 Positions of exhaust ports and laser light sheet.
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Fig. 4 Setup of light source and camera.
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Fig. 5 PIV measurement regions.
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Fig. 6 Instantaneous velocity field at U, = 0.039 m/s and o d/2 = 3.46 m/s. In OR1,
large scale counterclockwise vortices appeared near the outer edge of the disk.
In OR3 and ORA4, recirculation flows appeared near the housing wall.
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Fig. 7 Time averaged velocity field and stream lines for various @ d/2 with U, = 0.039 m/s. a) @ d/2 =0 m/s, b) @d/2 =1.73 m/s,
¢) d/2=3.46 m/s and d) wd/2 =5.18 m/s. At wd/2 > 3.46 m/s, a recirculation flow appeared near the housing wall. This
vortex moved upstream and its scale increased as the rotating speed increased. Note that O shows the stagnation point
where the blown air down to the disk branches toward the axis of the rotating disk and the housing wall.
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Fig. 8 Time history of U, for U, = 0.078 m/s and wd/2 = 8.64 m/s. Though U_Z is -0.08,
the recirculation flow of U, > 0 occurs intermittently.
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Fig. 9 U_Z is plotted as a function of @ d/2 for various U,.

This figure shows the tendency that the blown air
down to the disk suppresses the recirculation flow
due to the rotation of the disk.
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