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Study on Re-Adhesion Mechanism of Detached Nanoparticles to Wafer Surface

during Spin Rinse Process in Post CMP Cleaning Process
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Study on Re-Adhesion Mechanism of Detached Nanoparticles to Wafer Surface

during Spin Rinse Process in Post CMP Cleaning Process
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In this study, re-adhesion mechanism of detached nanoparticle to wafer surface during spin rinse
process in post Chemical Mechanical Polishing (CMP) cleaning process was fundamentally
investigated. The number of residue particles on a wafer was experimentally counted using a defect
inspection tool after de-ionized water (DIW) rinse for particle removal. To discuss the re-adhesion
mechanism, a model was constructed and compared with experimental results. The model is based
on boundary layer theory of fluid dynamics and advection diffusion theory of transport phenomena.

In Chapter 1, the background and purpose of this study is introduced. CMP is one of the
semiconductor manufacturing processes, and consists of polishing, cleaning, and spin-drying
processes. Many abrasive and other material particles adhere to the wafer surface after polishing, and
it is necessary to remove these particles from the wafer since any residual particles will adversely
affect the device’s properties. First, the adhesive particles on the wafer are detached using physical
and chemical cleaning method. The detached particles near the wafer surface are removed via liquid
flow from the wafer. Here it is necessary to prevent the detached particles from re-adhering to the
wafer surface. In this study, the mechanism of re-adhesion of detached nanoparticles to the wafer
surface was investigated by comparing the experimental and modeling results.

In Chapter 2, the liquid flow symmetrical with respect to the rotation axis when the liquid jets
collide vertically at the center of the rotating wafer are analyzed and shown. It is confirmed that liquid
film thickness on the rotating wafer is about 200 um and the liquid flow velocity near the wafer
surface at z= 1 um was several mm/s. Therefore, when detached particles move to the wafer surface
vicinity, particles cannot be removed. To discuss the effect of liquid flow on the re-adhesion,
turbulence analysis was performed on the liquid flow on the wafer. Even if forced turbulence was
applied to the entrance boundary in the turbulence analysis of liquid flow, the turbulence did not
develop. The liquid jet vertically collides with the center of the wafer surface, and the liquid flow
flowing in the downstream direction due to centrifugal force would be close to laminar flow.

In Chapter 3, it describes that Derjaguin—Landau—Verwey—Overbeek theory (DLVO) is utilized to



consider the particle removal characteristics. Counter ions are distributed on the solid surface in the
liquid, and ion diffusion layer called an electric double layer is formed. The repulsive force is
generated by the effect of osmotic pressure when an electrical double layer around the objects
overlaps. Generally, when the potentials of solid surfaces have the same sign and the absolute value
is large, adhesion between solid surfaces is unlikely to occur. The relationship between the potential
and pH of silica particles and wafer used in this study was investigated. As a result, detached silica
particle will be removed easier via liquid flow when pH is larger.

In Chapter 4, to investigate the re-adhesion mechanism of detached nanoparticle to wafer surface,
the experimental result was compared with the model. The number of residue particles on a wafer
was counted using a defect inspection tool after de-ionized water (DIW) rinse for particle removal.
To discuss the effect of the diffusion on the re-adhesion to the wafer surface during spin rinse process,
a physical model was constructed and compared with the experimental results. This model is based
on the boundary layer theory of fluid dynamics and the advection diffusion theory of transport
phenomena. Consequently, the model significantly corresponded with the experiment. Therefore, it
was confirmed that detached particles in liquid flow move into the sublayer and re-adhere to the wafer
surface by diffusion. Moreover, re-adhesion of particles to the wafer surface cannot be moved out of
the sublayer and removed from the wafer.

In chapter 5, With reference to the DLVO theory and the theory of Brownian motion near the wall,
the effect of the zeta potential on the interaction between the particles and the wafer was incorporated
into the advection diffusion model. In the model, the ratio of particles that approach the wafer surface
and stay near the wafer surface was determined by zeta potential. The model results were in line with
those of the experiment. It was concluded that more particles on the wafer will be removed via liquid
flow since those approaching the wafer receive a greater repulsion force and thus move farther away
from the wafer at higher pH values. It was considered that detached particles are removed from the
wafer not only during the spin-rinse process but also during the spin-drying process.

Finally, the conclusions of the study were presented in Chapter 6.



