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Abstract — In this study, we investigate the behavior of abrasive particles and change of the stick-slip pattern
according to chemical mechanical polishing (CMP) process parameters when a large number of abrasive particles
are fixed on a pad. The CMP process is simulated using the finite element method. In the simulation, the abrasive
grains are composed of those used in the actual CMP process. Considering the cohesion of the abrasive grains
with the start of the CMP process, abrasive particles with various sizes are fixed onto the pad at different intervals
so that stick-slip could occur. In this analysis, we determine that when the abrasive particle size is relatively large,
the stick-slip period does not change as the pressure increases while the moving speed is constant. However, if
the size of the abrasive grains is relatively small, the amount of deformation of the grains increases due to the
elasticity of the pad. Therefore, the stick-slip pattern may not be observed. As the number of abrasive particles
increases, the stick-slip period and displacement decrease. This is consistent with the decrease in the von Mises
yield stress value on the surface of the wafer as the number of abrasive grains increases. We determine that when
the number of the abrasive grains increases, the polishing rate, and characteristics are improved, and scratches
are reduced. Moreover, we establish that the period of stick-slip increases and the change of the stick-slip size
was not large when the abrasive particle size was relatively small.
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Fig. 1. Finite element models used for FEM.
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Table 1. Simulation conditions for FEM

Pressure applied to wafer: 1, 3, 5 psi

Conditions Sliding velocity of wafer: 1, 2 m/s
Particle shape: Sphere
Wafer: SiO,
Material Particles: Ceria

Pad: Poly-Urethane
Elastic-Isotropic materials

Table 2. Mechanical properties of the materials used
in the simulation

Material properties SiO, Ceria  Polyurethane
Young’s modulus (GPa) 70 181 0.0023
Poisson’s ratio 0.2 0.31 0.49
Yield strength (MPa) 8400 400~430 9.1
Density (g/cm”®) 2.0 7.65 0.75

Specific heat capacity
(J/g-K@20°C)

0.70  0.18 -
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Fig. 2. Effect of number of particles on stick-slip.
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Table 3. Stress values obtained from FE analysis

No. of Von-Mises Stress Max. Shear Stress
Particles (MPa) (MPa)

1 83 45

2 38 38

3 26 16
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Fig. 3. Effect of applied pressure on stick-slip (1).
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Fig. 4. Effect of applied pressure on stick-slip (2).
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