Journal of the KSTLE Vol. 28, No. 6, December 2012, pp. 272~277
The Korean Society of Tribologists & Lubrication Engineers

ISSN 1229-4845

DOI http://dx.doi.org/10.9725/kstle-2012.28.6.272

CMPp SEO0[Me| Hojm 2ot =m0
st feteadisd o1

Study on Within-Wafer Non-uniformity Using
Finite Element Method

Woo Yul Yang and In-Ha Sung*’

Dept. of Mechanical Engineering, Graduate School of Hannam University
*Dept. of Mechanical Engineering, Hannam University
(Received August 7, 2012; Revised September 1, 2012; Accepted September 2, 2012)

Abstract — Finite element analysis was carried out using wafer-scale and particle-scale models to understand the
mechanism of the fast removal rate(edge effect) at wafer edges in the chemical-mechanical polishing process.
This is the first to report that a particle-scale model can explain the edge effect well in terms of stress distribution
and magnitude. The results also revealed that the mechanism could not be fully understood by using the wafer-
scale model, which has been used in many previous studies. The wafer-scale model neither gives the stress mag-
nitude that is sufficient to remove material nor indicates the coincidence between the stress distribution and the
removal rate along a wafer surface.
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material removal rate(%1 7}-&), normal stress(+2]-3-2), von-mises stress(von-mises -8-2), within-wafer non-
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Fig. 1. Wafer-scale axisymmetric FE model used in this
study.

(b)

Fig. 2. Particle-scale FE models used in this study
(system length — 1.4 pm) ; (a) model 1(with the particles
that are put inside asperity pores and can move freely),
and (b) model 2 (with the particles trapped inside

aperity pores).
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Table 1. Material properties of the particle and wafer
used in the simulation

Material Elastic ~ Poisson’s  Density
Modulus(G  Ratio (g/cm’)
Particle Silica 70 0.2 2.0
Al 70 0.35 2.7
Wafer Cu 135 0.33 8.95
SiO: 70 0.2 2.0
Pad  polyurethan 2.29 0.49 0.75
Retainer PEEK 22 04 14

Applied pressure
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Fig. 3. The von-Mises stress distribution on a SiO,
wafer surface with respect to the applied pressure.
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Fig. 4. Variation of material removal rate on SiO,
wafer surfaces with different carrier films [5].
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Fig. 5. Variations of the von-Mises and contact stresses
along with a SiO, wafer surface (applied pressure —
0.04 MPa).
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Fig. 6. Variations of the von-Mises stresses generated
on the wafer surface from center to one edge obtained
by the particle-scale finite element models shown in
Fig. 2 (applied pressure — 0.03 MPa, Wafer material —
Cu).
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Fig. 7. Variations of the von-Mises and the normal
contact stresses generated on the wafer obtained by the
particle model 2 (applied pressure — 0.04 MPa)
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