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Metamodel (HIEHZ22!), Edge effect (0| X| &)

This study introduces a novel retainer ring design aimed at mitigating the edge effect during chemical mechanical
planarization. The innovative design features an arch-shaped geometry that creates a bending effect, thereby reducing
excessive pressure on the wafer's edge. A two-dimensional axisymmetric finite element model was developed, and
simulation data were utilized to create a metamodel. Multi-objective optimization was conducted using an evolutionary
algorithm, focusing on the normal contact stress on the wafer surface. Representative Pareto-optimal designs were
analyzed to assess the distribution of normal contact stresses. The results demonstrated that the proposed design
significantly reduced peak normal stresses and enhanced stress uniformity, especially at the wafer edge. This optimized
retainer ring is anticipated to improve wafer edge quality and increase semiconductor yield.
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Fig. 3 von-Mises stress distribution at wafer interface

Table 1 Material properties of retainer ring, pad, and wafer

Young’s Modulus Poisson’ratio
[MPa]
Retainer ring 3,600 04
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Table 2 Parameters of NR

Parameters Type Rej:iszce Range
D1 [mm] Optimization 0.1 0.1-3.0
D2 [mm] Optimization 0.1 0.1-5.0
D3 [mm] Optimization 15 15-20
P2 [kPa] Optimization 31 31-69

Table 3 Criteria of optimization
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Stress 2 Objective N2 -N3 Min
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Fig. 4 Comparison between predicted and simulated results

Table 4 CoP matrix and R? of LC and SC [%]
LC SC

N1 N2 N3 N1 N2 N3

D1 35.1 4.5 6.0 66.8 11.0 13.3
D2 0.9 26.1 27.8 8.6 43.0 40.9
D3 48.5 322 33.7 61.6 34.1 36.8

P2 65.6 46.3 46.8 48.9 24.8 234
Total 95.3 97.8 99.3 94 .4 98.5 98.7
R? 99.5 99.2 99.9 99.9 99.6 99.7
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Table 5 Optimization result

Short Thickness Long P2

[mm] [mm] [mm] [kPa]
Design 1-1 1.93 0.12 15.0 41
Design 1-2 1.76 0.12 15.0 43
Design 1-3 0.12 0.47 15.3 40
Design 2-1 1.75 0.64 153 60
Design 2-2 235 0.12 15.0 62
Design 2-3 1.49 0.65 15.2 60
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