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Abstract Mixed elastohydrodynamic lubrication (mixed
EHL) model has been successfully used to study phenomena
in chemical mechanical polishing (CMP) process. However,
in various mixed EHL simulation frameworks, a polishing
pad's deformation cannot correctly be described by adopted
models for pad deformation such as elastic half-space model
and Winkler elastic foundation model. Thus, a more accurate
model for pad deformation is needed, since this is the prereq-
uisite for an accurate prediction of contact pressure and mate-
rial removal rate, which is critical for improvement of
polishing quality. In this paper, a layered elastic theory, which
is frequently used to calculate flexible pavement response to
truck loading, is introduced into the mixed EHL model. It is
found that this theory has a similar accuracy to the traditional
3D finite element method for calculating the pad deformation.
However, its computational cost is much lower, which is
especially important for accurate and efficient simulation of
mechanical behavior and material removal rate (MRR) in
CMP. In order to highlight benefits of the proposed theory,
simulations are carried out based on three different pad defor-
mation models with the mixed EHL model. The pad defor-
mation behavior is found to have a significant influence on the
final simulation results, especially the MRR prediction. By
comparing the different simulation models, the proposed layer
elastic theory is found to be an optimal model for describing
the polishing pad deformation behavior in CMP and can
provide accurate simulation results on contact pressure distri-
bution and the material removal rate.
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1 Introduction

Chemical mechanical polishing (CMP) is extensively used to
obtain a flat and smooth surface [1] in the manufacturing of
integrated circuit (IC) chips, smart devices, and
MEMS/NEMS.With progressively decreasing IC feature size,
circuit wire is becoming much thinner and more fragile. For
fabrication of IC chips in a decreased feature size, the substrate
must have a flatter and smoother surface. Such a substrate is
also strongly needed in fabricating smart devices and
MEMS/NEMS components, in which an ultraflat surface with
a flatness of about 1 nm [2, 3] is the prerequisite for bonding
two separated substrates by intermolecular forces. Thus, as the
only local/global planarization technique accepted by the IC
industry, CMP's machining capability should be further im-
proved to meet the needs of the IC industry.

In a typical CMP setup, as shown in Fig. 1, a wafer rotating
around its axis is held by a carrier and pressed against a
polishing pad with supply of polishing slurry. Material remov-
al is realized by a combination of chemical reactions and
mechanical abrasion induced, respectively, by chemicals and
nanosized abrasive particles in the slurry. Moreover, the ma-
terial removal is greatly affected by processing parameters and
related physical parameters, like rotational speeds of the wafer
and table, total downward pressure on wafer, elastic modulus
of the pad, surface morphology of the pad, etc. These factors
also obviously affect final polishing quality and efficiency,
especially surface roughness, material removal rate, and
within-wafer nonuniformity (WIWNU). Over the last two
decades, in spite of great breakthroughs in CMP, many prob-
lems are still not clearly illustrated, such as slurry flow field,
contact pressure distribution, evolution of the wafer’s surface
profile in CMP process, etc. To achieve ultrasmooth and
ultraflat surface with high efficiency, there is a need for a
better understanding of the physical and chemical phenomena
in CMP, and an accurate simulation method will be greatly
helpful in optimizing the CMP process.
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From the physical perspective, the slurry flow and contact
pressure distribution at the pad/wafer interface is highly
related with the edge roll-off effect, which significantly
affects lithography focus control at the peripheral region of
the wafer. In order to increase the number of dies on a wafer,
shrinkage at the edge induced by edge roll-off should be
reduced [4]. Contact pressure at pad/wafer interface is very
useful for analyzing the wafer edge roll-off [5]. Numerous
researches have been focused on this topic, and most of them
are based on the axisymmetric elastic solid model with finite
element method (FEM) [5–7]. Although the length of wafer
edge roll-off can be qualitatively explained by these models,
a basic assumption in these models is that the deformation is
axisymmetric, which is inconsistent with the actual situation
due to the oblique orientation of the wafer in CMP process.
Another shortcoming of these axisymmetric elastic solid
models is that it cannot simulate the interaction between
lubrication and wear that is, respectively, caused by the
slurry and solid contact. Thus, it is impossible to correctly
predict the maximum contact pressure, which is very impor-
tant to predict the failure of Cu/ultralow k interconnections
during polishing of the IC chip substrate. Also, a correct
simulation of contact pressure is of critical importance for
predicting the material removal rate.

Compared with the axisymmetric FEM CMP model, a
more reasonable and practical simulation framework of CMP
process is generally based on the tribology theory. Different
from common tribological applications in which friction and
wear needs to be reduced, a certain friction and wear is
needed to realize material removal in CMP, in which the
interaction between wear and lubrication has been investi-
gated by many researchers. For the mixed lubrication behav-
ior in CMP, the most classical simulation framework is
developed by Kim et al. [8], which considers the deformation
of the pad and the contact behavior between asperities and
wafer. In order to predict the pad deformation, there are
mainly three kinds of models used about mixed EHL model
of CMP: (1) Winkler elastic foundation model [8, 9], (2)

elastic half-space model [10–12], and (3) 3D finite element
analysis [13]. In the Winkler elastic foundation model, also
called “mattress” model or spring bed model, the polishing
pad is modeled as a series of independent springs with no
lateral interaction with each other. It is helpful to simplify the
problem, but the analysis error is larger under a larger pad
thickness especially at the wafer periphery. Different from
the Winkler model, in elastic half-space model, the polishing
pad thickness is assumed to be infinity, due to which the pad
deformation is often overevaluated. As for the 3D FEM, it is
indeed a reliable and robust method for assessing the pad
deformation. However, due to the polishing pad's high aspect
ratio, numerous discrete 3D elements and nodes are needed
for FEM analysis, which will lead to very high computation-
al cost, and it is not suitable as an iterative calculation step in
the mixed EHL analysis.

In this paper, a layered elastic theory, frequently used in
calculating the deformation of flexible pavement in response
to the truck loading, is introduced into the mixed EHL for
analyzing the pad deformation with similar accuracy, but higher
efficiency, than the 3D FEM method. The simulation results
from different pad deformation models are compared and ana-
lyzed, and a method for predicting the MRR based on the
Preston equation is proposed. Also, the MRR distributions are
calculated based on the contact pressure distributions obtained,
respectively, from three different simulation methods.

2 Framework of simulation

The distributions of the contact pressure and slurry pressure
are both dominated by the separation between wafer and pad
surface, which is affected by the bulk deformation of pad.
The pad deformation, in turn, is influenced by the contact
pressure and slurry pressure. Therefore, the slurry flow and
solid contact in CMP process are highly coupled. The frame-
work for CMP simulation presented here is similar to that
proposed by Jin et al. [9]. The key distinctions are that,
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Fig. 1 Schematic diagram of the CMP system

Fig. 2 Coordinate system defined in the CMP model
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firstly, the Winkler model is replaced by a layered elastic
theory or elastic half-space model and, secondly, surface
roughness and asperity deformation's effect on the slurry
flow is considered.

2.1 Formulation of contact problem of layered elastic body

The polishing pad used in CMP is a typical layered elastic
body, with a thickness of several millimeters and a diameter
of several hundred millimeters. The normal deformation,
w(r), due to a concentrated load, P, on the surface of a layered
elastic body is known as the generalized Boussinesq solution
and can be given in terms of the Hankel transform [14, 15]:

w rð Þ ¼ P 1−υ2b
� �
πEb

Z
0

∞

F0 ξhbð ÞJ 0 ξrð Þdξ ð1Þ

where υb and Eb, respectively, denote Poisson's ratio and
Young's modulus of the elastic layer, hb is the thickness of
the elastic layer, and F0(ξhb) is given as:

F0 ξhbð Þ ¼ 1þ 4κξhbe−2ξhb−κle−4ξhb

1− lþ κþ 4κξ2h2b
� �

e−2ξhb þ κle−4ξhb
ð2Þ

where κ and λ are functions of Poisson ratios of the elastic
layer and the substrate. In the CMP system, compared with
the soft pad material, the base of the metallic rotary can be
regarded as a rigid body in the pad deformation analysis. In
this case, l=κ−1, and the following equation can be acquired
from Eq. (2) :

F0 ξhbð Þ ¼ 1þ 4κξhbe−2ξhb−e−4ξhb

1− κ−1 þ κþ 4κξ2h2b
� �

e−2ξhb þ e−4ξhb
ð3Þ

where κ=−1/(3–4νb). J0(ξhb) in Eq. (1) is Bessel function
and given as:

J 0 ξrð Þ ¼ 2

π

Z π=2

0
cos ξrsinτð Þdτ: ð4Þ

In CMP process, a distributed total pressure pt(x, y) (re-
sultant pressure of the contact pressure pa(x, y) and the slurry
pressure pl(x, y)) is acted on the layered pad, and the corre-
sponding surface deformation δb(x, y) can be derived by
linear superposition as follows:

δb x; yð Þ ¼ 1−υ2b
� �
πEb

∬
Ω
pt x

0
; y

0
� � Z

0

∞

F0 ξhbð ÞJ 0 ξρð Þdξ
0
@

1
Adx

0
dy

0 ð5Þ

where ρ=[(x−x′)2+(y−y′)2]1/2.
The simulating region is discretized into a series of small

triangular elements, thus using Gaussian integration, and
Eq. (5) is then discretized into a matrix equation as:

δb xi; yið Þ ¼
XNn

j¼1

Fijpt x j; y j

� �
; i ¼ 1; 2;…;Nn ð6Þ

where Nn is the total number of discrete nodes in the simu-
lating region, (xi, yi) is the coordinates of node i. Fij are
denoted as the “flexibility coefficients” and represent the
normal displacements of node i due to a unit normal pressure
located at node j. From Eq. (5), Fij is given as:

Fij ¼ 1−υ2ð Þ
πE

XN e

k¼1

∬
Ωe

N j
k x

0
; y

0
� � Z

0

∞

F0 ξhbð ÞJ 0 ξρ x
0
; y

0
� �� �

dξ

0
@

1
Adx

0
dy

0 ð7Þ

where ρ=[(xi−x′)2+(yi−y′)2]1/2 and Nk
j is the interpolation

function of node j in the kth element.
In order to demonstrate the advantages of the proposed

model, the results from this model will be compared with
those obtained from the Winkler foundation model and the

Fig. 3 Verification of the layered model with various values of R/h

Fig. 4 Comparison between the results from FEM and the modified
half-space model
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elastic half-space model. In the Winkler foundation model,
under the plane strain assumption, the formula describing the
pad deformation mechanism is given as:

δb xi; yið Þ ¼ pt xi; yið Þ
kb

¼ hb 1−2νbð Þ 1þ νbð Þ
Eb 1−νbð Þ pt xi; yið Þ ð8Þ

The above equation implies that the pad deformation is
linearly proportional to the thickness of the pad. As for the
elastic half-space model, the formula for obtaining pad de-
formation is given as:

δb x; yð Þ ¼ 1−υ2b
� �
πEb

∬
Ω

pt x
0
; y

0� �
ρ

dx
0
dy

0 ð9Þ

In elastic half-space model, the deformation is indepen-
dent of the pad thickness. Consequently, the pad deformation
is extremely overestimated. The researchers who adopted the
elastic half-space model in 2D mixed EHL model of CMP
process often modify the elastic half-space model based on
an arbitrary assumption that the substrate deformation is zero
at the leading edge [10–12]. Thus, a modified substrate
deformation can be acquired:

δb x; yð Þ ¼ 1−υ2b
� �
πEb

∬
Ω

pt x
0
; y

0� �
ρ

dx
0
dy

0
−δb 0;−Rwð Þ ð10Þ

where Rw is the radius of wafer. In the 3D model proposed in
this paper, the minimum deformation at the wafer boundary
is assumed to be 0.

2.2 Simulation of mixed EHL behavior in CMP process

Since the fraction of abrasive in slurry is very small, the
slurry can be approximately treated as a Newton fluid. The
Reynolds formula of Newton fluid is:

∂
∂x

ϕph
3

12μ
∂pl
∂x

 !
þ ∂

∂y
ϕph

3

12μ
∂pl
∂y

 !
¼

∂
∂x

hT
Uw þ Up

2

� �
þ ∂

∂y
hT

Uw þ Up

2

� �
þ

∂
∂x

σϕs
Up−Uw

2

� �
þ ∂

∂y
σϕs

Up−Uw

2

� �
þ ∂hT

∂t

ð11Þ

where μ is the dynamic viscosity of the slurry, σ is the
standard deviation of distribution for the polishing pad's
surface profile, pl is the slurry pressure, h is the nominal film

thickness, t is the time, hT is the real film thickness, and hT is
the mathematical expectation of hT. In hydrodynamic lubri-

cation, i.e., wafer and pad are completely separated, hT ¼ h.
ϕp and ϕs in Eq. (5) are the pressure flow factor and the shear
flow factor, respectively, which reflect surface roughness's
influence on the slurry flow. Uw and Up are the velocity

vectors of the wafer and the polishing pad, respectively,
given as:

Uw ¼ Ux
w

Uy
w

� �
¼ −rωwsinθ

rωwcosθ

� �

Up ¼ Ux
p

Uy
p

� �
¼ −rωpsinθ

rωpcosθþ deωp

� � ð12Þ

where ω is the rotation velocity; the subscripts w and p
denote the wafer and the pad, respectively; θ is the angular
coordinate of the calculation point, the origin of the cylin-
drical coordinate system is placed at the center of the wafer;
and de is the distance between wafer center and platen center
(or pad center).

The pressure flow factor in Eq. (11) can be given as that in
[16]:

ϕp ¼ 1−0:9exp −0:56Hð Þ ð13Þ
where the dimensionless nominal film thickness, H, is de-
fined as h/σo. The shear flow factor in Eq. (11) can be given
as [16]:

ϕs ¼ 1:899H0:98exp −0:92H þ 0:05H2
� �

H ≤5
1:126exp −0:25Hð Þ H > 5

�
ð14Þ

The average value of real film thickness is given as:

hT ¼
h ; H ≥3

3σ−σ
Z

3

H
ϕcdH ; H < 3

8<
: : ð15Þ

The contact factor, ϕc, is defined by Wu and Zheng [17]
as:

ϕc ¼
∂hT
∂h

¼ exp −0:6912þ 0:782H−0:304H2 þ 0:0401H3
� �

: ð16Þ
The nominal film thickness is related to the wafer orien-

tation and the pad deformation. Defining the rotational an-
gles around the x and y axes, respectively, as α and β as
shown in Fig. 2, the nominal film thickness is obtained as:

h x; yð Þ ¼ h0−αx−βyþ δb x; yð Þ ð17Þ
where h0 is the height of wafer center and δb is the pad
deformation in bulk. The compression deformation of the
asperity is:

δa x; yð Þ ¼ hini−h x; yð Þ ð18Þ
where hini is the reference thickness, in which the deforma-
tion of asperities is 0. Adopting the GW model, the average
contact pressure acting on the asperities is:

pa ¼
4Ea

3 1−ν2a
� � η ffiffiffiffiffi

Ra

p Z hini

h
z−hð Þ 1:5φa zð Þdz ð19Þ
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where Ea and υa, respectively, denote the elastic modulus and
Poisson's ratio, and η is the density of the asperities. The
distribution of asperity peak heights is assumed to be a
“clipped” exponential given as [8]:

φa zð Þ ¼ 1

s

exp −
z

s

� �
exp −

z0
s

� �
−exp −

zmax

s

� � ð20Þ

where s is the average asperity height and the asperity height
ranges from z0 to zmax. In the present study, s=σ, z0=0, and
zmax=4σ. Eq. (20) satisfies:

Z zmax

z0

φa zð Þdz ¼ 1: ð21Þ

The deformation of pad in bulk is calculated by Eq. (6).
In order to obtain the wafer orientation in the equilibrium

condition, the resultant force and moments are needed to be
calculated. The resultant force in the z direction acted on the
wafer is:

Fz ¼ ∬
Ω
pt x; yð Þdxdy: ð22Þ

The resultant moment around x or y axis are:

M x ¼ ∬
Ω

ptyþ f pahv
Uy

p−U
y
w

Up−Uw



 


" #

dxdy

M y ¼ ∬
Ω

−ptxþ f pahv
Ux

p−U
x
w

Up−Uw



 


" #

dxdy

ð23Þ

where f is the friction coefficient between asperities and the
wafer, and hv is the distance from the center of carrier's
gimbal joint ball to the wafer surface.

2.3 Calculation of the MRR distribution

After carrying out the simulation of the mixed EHL behavior
in CMP process, distribution of the nominal contact pressure
will be obtained and then the MRR distribution can be
calculate based on the Preston equation as:

MRR ¼ kPV ð24Þ
where P is the nominal contact pressure and V is the relative
shear velocity between the wafer and the polishing pad,
which can be calculated based on Eq. (12):

V ¼ rωpsinθ−rωwsinθ
� �2 þ rωpcosθþ deωp−rωwcosθ

� �2� �0:5
: ð25Þ

Table 1 Parameters used in the
simulation example Parameters Value Units Parameters Value Units

Wafer Dw 100 mm Asperity Eb 30 MPa

de 100 mm υb 0.49

hv 5 mm η 100 mm−2

Pad in bulk Eb 10 MPa Ra 50 μm

υb 0.3 σ 8 μm

hb 3 mm Fluid μ 0.001 Pa s

Rotation speed ωw 60 r min−1 Friction coefficient F 0.5

ωp 60 r min−1 Average pressure pave 3 psi

Fig. 5 Simulation results on the contact pressure distributions obtained from a EHL-W, b EHL-H, and c EHL-L, respectively
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Although the contact pressure distribution is not axisym-
metric, the MRR distribution is axisymmetric due to the
rotation of the wafer, i.e., the value of MRR will be the same
at locations of the same r coordinate. The mean value of the
product of the contact pressure and the relative shear velocity
at points of the same r coordinate, but different θ coordinate,
is used to evaluate the MRR.

3 Results and discussion

3.1 Verification of the pad deformation model

Simulation of the mixed EHL behavior is realized using the
code written in FORTRAN language. In order to verify the
code and the layered pad deformation model, numerical
solutions of the pad deformation under uniform load based
on Eq. (6) is compared with that from the axisymmetric FEM
model. Also, a Winkler solution is also provided for com-
parison. From Fig. 3, it can be seen that the results obtained
from Eq. (6) agree very well with those obtained with FEM,
while the Winkler foundation model cannot correctly calcu-
late the deformation around the wafer–pad contact edge. The
prediction error from the Winkler foundation model in-
creases with the decrease of R/h. By comparing the results
from FEM method and the layered model, the layered elastic
theory is verified to have nearly the same accuracy with FEM
model in predicting the pad deformation and the contact
pressure at the wafer periphery. Also, the comparison be-
tween from FEM and the modified half-space model is also
showed in Fig. 4, from which it is found that the pad

deformation cannot be correctly predicted by the elastic
half-space model, since the pad deformation is assumed to
be independent of the pad thickness in the half-space model,
which is obviously inconsistent with the actual situation.

In the analysis of pad deformation, in-plane dimensions
are considerably larger than the thickness dimension, but for
higher calculation accuracy, the aspect ratio of the 3D solid
element should be close to 1. Consequently, the number of
the nodes used in the 3D finite element model is several
times larger than that used in the layered elastic model.
Moreover, the degrees of freedom (DOF) for the node used
in 3D FEM and the layered elastic model are 3 and 1,
respectively. Thus, the layered elastic method is more effi-
cient to solve the pad deformation compared with the 3D
finite element method.

3.2 Simulation results of mixed EHL behaviors in CMP

To highlight the significance of the layered elastic theory,
simulation results from theWinkler foundation model (EHL-
W), the modified half-space model (EHL-H), and the newly
proposed layered elastic theory (EHL-L) are compared. In
the 2D EHL-H model, the pad deformation is assumed to be
zero at the leading edge [10–12], while for the 3D EHL-H
model, the maximum pad deformation at the wafer's bound-
ary is set to be zero. This assumption will not affect the slurry
film thickness and the contact pressure distribution, but the
prediction of the pad deformation will be affected. The
parameters used in the simulation are shown in Table 1.

The simulation results from the three different models on
the contact pressure distribution at wafer/pad interface are
showed in Fig. 5, from which it can be seen that the patterns
of the obtained pressure distributions are different. As for the
pressure distribution, the distribution predicted by EHL-H is
different from that predicted by EHL-W or EHL-L. EHL-W
and EHL-L have similar simulation results in the central area
of the wafer, but the predicted pressure distributions are
obviously different at the periphery. Since the contact pres-
sure is dominated by the gap thickness between the wafer

Fig. 6 Simulation results on the pad deformation obtained from a EHL-W, b EHL-H, and c EHL-L, respectively

Table 2 Wafer positions and orientations in the equilibrium condition

Models h0 (μm) α (μrad) β (μrad)

EHL-W 16.3 2.18 −33.0

EHL-H −2.67 5.83 −338

EHL-L 16.6 2.20 −31.8
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surface and pad surface, the sudden decrease in gap thickness
at wafer's periphery will lead to increased contact pressure in
this region. From this perspective, the simulation result from
EHL-L is obviously much closer to the real situation. An-
other factor that can be used to evaluate effectiveness of
these three models is the stress concentration effect. Based
on the theory of contact mechanics, when a rigid surface is
pressed against a soft surface, stress concentration will occur
at the contact boundary. By comparing the simulation results
in Fig. 5, it can be seen that the stress concentration effect can
be predicted both by EHL-H and EHL-L models, but not by
EHL-W. As for EHL-H and EHL-L, although the stress
concentration can be predicted by the EHL-H model, due
to the incorrect prediction of pad deformation as shown in
Fig. 4, the simulation results on contact pressure distribution
from the EHL-H model is of no significant practical value.
Based on the above two points, among the three models, the
EHL-L model is more accurate in predicting the pressure
distribution. A correct prediction of maximum contact pres-
sure is very important for estimating the possibility of the
surface damage in CMP process. In the simulation result
obtained from EHL-L (Fig. 5c), the stress concentration
occurs mainly within a distance of about 5 mm from the
wafer boundary, which can be used for correct analysis of
edge roll-off.

Along with the pressure distribution, the pad deformation
can also be obtained, as showed in Fig. 6. Similar to the
situation in predicting the pressure distribution, EHL-W and
EHL-L have similar simulation results, which are signifi-
cantly different than that obtained from EHL-H. As for the
magnitude of the pad deformation, the values from EHL-W
and EHL-H are about 2–6μm, which value from EHL-H is
about 0–37μm. Different pad deformation behaviors predict-
ed from the three models will induce different wafer equilib-
rium positions and orientations. As showed in Table 2, the
wafer equilibrium positions and orientations by the EHL-H
model are significantly different with those by EHL-W and
EHL-L models. Besides, different pad deformations predict-
ed by these three models will lead to different slurry pressure

distributions. As shown in Fig. 7, the slurry pressure predict-
ed by EHL-W is negative in the whole region beneath the
wafer, but for the slurry pressure distributions obtained from
EHL-H and EHL-L, there is a small region with positive
slurry pressure in the whole contact area.

One of the important aims of numerical simulation of
CMP process is to predict the distribution of MRR along
the wafer radius, which is of significant importance to im-
prove the global planarity. Based on the Preston equation, the
MRR is linearly proportional to the product of the contact
pressure and the relative shear velocity between the wafer
and the pad. Figure 8 shows the average value of Pa·V along
the radius obtained from the different simulation frame-
works. It is found that although the axisymmetric FEM
model can qualitatively predict the edge roll-off, the result
is completely different from that obtained by EHL models
and, thus, is not preferred for MRR prediction. Among the
three mixed EHL models, the EHL-W model has similar
MRR prediction ability to EHL-L model, except that the
EHL-W cannot predict the edge roll-off as EHL-L does.
Thus, the EHL-L model is the most accurate among these

Fig. 7 Simulation results on the slurry pressure distribution obtained from a EHL-W, b EHL-H, and c EHL-L, respectively

Fig. 8 Comparison of material removal rates based on different models
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models for predicting MMR. However, when the edge roll-
off is not highly concerned, the EHL-W model can be rec-
ommended for simulating of the CMP process due to its high
calculation efficiency.

4 Conclusions

A new simulation framework for CMP process based on the
layered elastic theory is proposed in this paper. The layered
elastic theory, with similar accuracy with FEM, is convenient
to be used in the simulation framework of mixed lubrication
behavior in the CMP process. Simulation results from dif-
ferent pad deformation models are compared. From the
perspectives of contact pressure distribution pattern, stress
concentration effect at the wafer periphery, and also the edge
roll-off effect, the layered media model is found to be the
most accurate model for predicting the contact pressure at the
wafer periphery, which is very important to analyze the edge
roll-off value and maximum contact pressure exerted on the
wafer surface. However, when the edge roll-off is not highly
concerned, the EHL-W model is still the best choice for
simulating the CMP process because of its high efficiency.
Another problem that needs to be pointed out is that although
the Boussinesq solution is a good choice to replace the 3D
FEM solution on a uniform elastic pad, the 3D FEM solution
still has more general applications, especially in the situa-
tions where the pad contains features such as grooves or
holes, or the pad thickness is nonuniform due to dressing
or conditioning.

Cross-checking between the simulation results and the
experiment data is a simple and intuitive way to validate
the effectiveness of the simulation framework. However,
in same situations, it is difficult to carry out the experi-
ment to verify the fine distinctions between the simulation
results obtained from different simulation frameworks, like
the stress concentration at wafer periphery. Since there are
many steps and models in the simulation framework of CMP,
a more convincing and effective validation method is to check
the models used in each step. As for the problem of CMP
simulation framework discussed in this paper, a correct simu-
lation of pad deformation has been carried out and validated in
this paper, and the slurry flow model and asperity contact
model will be validated in our future work.
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