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Abstract — In this paper, the results of finite element(FE) analysis of chemical mechanical polishing(CMP) pro-
cess using 2-dimensional elements were discussed. The objective of this study is to find the generation mech-
anism of microscratches on a wafer surface during the process. Especially, a FE model with a particle inside pad
pore was considered to observe how such a contact situation could contribute to microscratch generation. The
results of the finite element simulations revealed that during CMP process the pad-particle mixture could be
formed and this would be a major factor leading to microscratch generation.

Keywords —chemical mechanical polishing (717 8}8+% <Aw}7}3), finite element analysis (FEA, -
4231 A7), fluid-structure interaction (|- 3% Z}-8-), Post-CMP surface defects (CMP37d & 3™ A3
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Fig. 1. A finite element model used in this study for
analyzing the direct 3-body contact.

Table 1. FE simulation conditions and material
properties of slurry fluid
. Shape : Sphere
Particle Diameter : 100 nm
Slurry . Sylghtly compressive flow )
fuid Viscosity : 0.0015 Pa-sec (at 20°C)
Density : 1.5 g/em’
. . Pressure : 0.04 MPa
Simulation .
Conditions Wafer moving speed : 1 m/s
Temperature : 20°C
A2 HA| FgolA A== Z2]9-dl e (polyurethane)
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Table 2. Mechanical properties of the particle and
wafer surface used in the simulation

Young’s . , .
Material modulus Po;::i(;n s ]()gjgzt})]
(GPa)
Cu 135 0.33 8.95
Wafer w 411 0.28 19.2
surface
SiO, 70 0.2 2.0
Particle SiO, 70 02 2.0
Poly- 2.29
Pa urethane  (MPa) 0.49 0.748
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Fig. 2. Snapshots of the simulation results (silica
particle, Cu wafer, polyurethane pad) ; after the time
steps of (a) 340, (b) 1130, (c) 2910, and (d) 3320,
respectively.

(non-spherical shape) Aol WHE-29l HZ
U3l JAE 53 (agglomeration)o] A sl= A2
Ao, st 59 mAd o] FEs] 2T
e ]

o
P g
2

e
Zolgle oA wlg- & 9wt Qlt}. F, o= CMP
34T T = AnigiRlEe] a3 AR
oz A or Zpdw Hro ZAE 4o
Helsle], ¥AAF v o d=rr E8 At
(hardening)& th= A2 =3k}
olgjgh A} EFTEE T CMPEAL F8 9

G P2 Qe AT A6 s 597
=
=

fr

ol
B

5 3Pl PMI 2T A (micro-scratch)E BHYAIF]
T2 cle] € & Stk & dEXYE, CMPEAF
o] FEALY ol FHolME &gl 38HE 2t
8ol gJall 71A14 Adde] Ak A5t ¥ (softening)
o] Ak}, wiEbA], AskE fo|¥ FHe| YAt &
¥ Ashe si=e] HEL o g4 vAle=Zg A S
AN 7 S dST F AUk

CMP37g ol B8z ol2dh Anpizte] sj==

ul Z

SHA Y Tfsle] Ho] TH o)

Vol. 28, No. 1, February, 2012



10

Hojszn] - F9Y -

15t

Fig. 3. Snapshots of the simulation results (silica
particle, W wafer, polyurethane pad) ; after the time
steps of (a) 190, (b) 1030, (c) 1070, (d) 1080,
respectively.
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Fig. 4. Snapshots of the simulation results (silica
particle, silica wafer, polyurethane pad) ; after the time
steps of (a) 190, (b) 530, (c) 4830, (d) 7320, respectively.
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