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Coupled computing of cryogenic fine solid nitrogen particle production
and its impingement with deformable behavior
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Abstract In semiconductor manufacturing, the efficient physical wafer cleaning technology without using water is desired.
Cryogenic fine solid nitrogen (SN ) particulate spray cleaning method has been thought to be effective technique for non-aqueuous
physical cleaning. In the present study, numerical analysis of the effect of impingement characteristics of SN, particles on the resist,
especially the effect of impingement angle for substrate were conducted using Fluid Structure Interaction (FSI) model.The results
show that in the case that, the impingement angle 6 is close to vertical to the resist surface, it was confirmed that the influence
range of a large von Mises stress (ov) appears in a minute region in a short time. On the other hand, in the case of small oy, the
maximum value of o exhibited small value, however, a slightly lower o generation region was found to cover a wide range of

resist portion.
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Fig. 1: Computational
geometry of particle and
resist

Fig. 2: Definition of im-
pact angle

Tab. 1: Physical properties for numerical analysis

PSN, 1026.5 kg/m?
ve  1.48x107° m?/s

SN, particle density
Ambient gas phase viscosity

Ambient gas phase density Pg 1 kg/m?
Young’s modulus of resist E 20 GPa
Resist density Dres 1190 kg/m3
Poisson’s ratio of resist B 0.3
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(a) 0.175us (b) 0.225us (c) 0.275us

Fig. 3: Time evolution for iso-contour of volume fraction
(@ = 0.5) during the impingement process of SN, particle
(@ =90°)
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Fig. 4: Relation between impingement angle and maximum
mises stress
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Fig. 5: Relation between initial velocity and maximum
mises stress
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Fig. 6: Relation between particle diameter and maximum
mises stress
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