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Abstract Lapping and polishing with fixed abrasives is an
efficient method to flatten wafers and obtain mirror surface
finish. One of the most concerned things is abrasive configu-
ration for polishing pads in research. Researching on pad’s
abrasive configuration will help get better wafer surface qual-
ity. For abrasive trajectories can heavily affect wafer surface
flatness and roughness during lapping and polishing process,
the present work was conducted to study the relationship
among abrasive configuration, trajectory distribution, material
removal, and its influence on wafer surface quality. For this
purpose, an abrasive configuration method was applied by
adopting a written Matlab program to give set values of the
radial distance and the initial angle of abrasives fixed on the
pad surface. Based on the method, polishing pads with the
regular and radial configurations were designed and used to
study trajectory distributions under different polishing param-
eters. The polishing experiments were carried out on silicon
wafers with the regular and the radial diamond polishing pads
made by the sol-gel method. The wafer surface morphology,
thickness, and roughness were detected in polishing. The re-
sults show that better flatness and roughness distributions can
be obtained through using the radial pad than that of the reg-
ular pad, which is due to the smaller value of variation coef-
ficient of the standard deviation for trajectory density and
better global profile of trajectory density. The method of pad
design and trajectory analysis can be an effective way to
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design pads with proper abrasive configurations for different
applications in lapping and polishing process.
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1 Introduction

Lapping and polishing with abrasives, as an important means
of realizing precision and ultra-precision processing, can ob-
tain excellent shape and dimensional accuracy of workpiece
and is widely used in the processing of silicon, silicon carbide,
sapphire, functional ceramic substrates, and other hard and
brittle materials for industrial applications [1, 2]. With the
rapid development of nanoelectronics, new materials science,
and optoelectronic information industry, there is a much
higher demand of planarization, uniformity, and controllabil-
ity of process for lapping and polishing, especially for large
diameter workpiece processing, as a result of kinematics and
trajectories adopted for machining process [3].

In actual lapping and polishing process with free abrasives
(CMP), the polishing result is determined by many factors
such as kinematic parameters, slurry distribution, temperature
distribution, stress distribution, and etc [4—6]. Therefore, sev-
eral models based on the Preston equation, contact mecha-
nism, abrasive scratch, and other effects have been proposed
due to the combined action of the chemical and mechanical
effects [7—10]. As the kinematic aspect is the most basic uni-
formity factor, many related calculations or simulations re-
garding the kinematic parameters of CMP tools have been
performed. An attempt to investigate the effect of kinematics
on uniformity in chemical mechanical planarization was con-
ducted by Hocheng and Tso. It was found that the relative
velocity is not constant [11, 12]. Kim et al. [13] further
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proposed the concept of the sliding distance distribution
and revealed that the basic kinematic parameters have a
great influence on the non-uniformity. In order to clarify
the influences of kinematics on surface quality, tool wear
and optimization of process parameters, motion forms,
and their trajectory equations for different lapping and
polishing machines were investigated by scholars
[14—17]. However, most studies were mainly focused on
trajectories with a single abrasive grit; the results can be
qualitatively obtained by artificial observation of the tra-
jectory map and used to guide the optimal selection of
processing parameters. In order to quantitatively reveal
the influence of processing parameters on the trajectory
distribution, Su et al. [2] followed those works and put
forward the within-wafer-non-uniformity (WIWNU) of
material removal to evaluate the trajectory distribution
with 60 abrasive particles. The main idea of WIWNU
was based on counting the number of the sliding trajecto-
ry points. The study results indicate that the rotational
velocity ratio has an obvious influence on trajectory dis-
tributions. Those previous studies on kinematics and tra-
jectories in CMP are mainly based on the mechanical
action executed by the effective abrasive particles dis-
cretely embedded in pad asperities [18]. In effect, free
abrasives in lapping and polishing have a random distri-
bution and uncontrollable trajectory besides low efficien-
¢y, environmental pollution problems, and etc. Therefore,
lapping and polishing with fixed abrasives was put for-
ward, and it has many obvious advantages in terms of
machining precision and efficiency for the controllable
trajectory and abrasive distribution [19-21].

In lapping and polishing with fixed abrasives, an early
study on lapping with fixed abrasives was conducted by
Uhimann et al. [22], which was focused on the kinemat-
ics in the face grinding process on lapping machines, and
indicates that the trajectory has a heavy influence on the
workpiece surface flatness and roughness besides tool
wear. In the aspect of abrasive configuration, Hon-Yuen
et al. [23] focused on the study of kinematics based on
two kinds of geometric arrangements, which were ac-
cordingly named of Delta and Ypsilon arrangements.
The main goal was to evaluate the influence of the
geometric-arranged abrasive tools on the material remov-
al rate during polishing. It was found that the Ypsilon
arranged tool is capable to provide higher material re-
moval rate than that of the Delta arranged tool. In the
grinding process of glass, Sousa et al. [24] adopted the
two abovementioned abrasive tools to investigate the ef-
fects of kinematics and abrasive configurations, and also
obtained the similar conclusions. Li et al. [25] investigat-
ed the influence of self-made symmetrical and spiral lap-
ping disks, which were brazed with micro powder dia-
mond in lapping of silicon wafer and alumina ceramic,
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on the surface morphology, roughness, and removal rate
in lapping. Regretfully, the effects of abrasive configura-
tions on the trajectory distributions and the workpiece
surface quality were not further analyzed in those stud-
ies. Recently, some researches have been mainly focused
on pad wear and pad conditioning with fixed abrasive
trajectory analysis besides experimental investigations in
lapping and polishing process. Feng [26] analyzed differ-
ent pad conditioning density distributions in CMP pro-
cess, which were used polishing trajectories generated by
a diamond dresser to analyze the pad wear rate. The
results show that the influence of different patterns of
abrasive distributions on conditioning density function
is insignificant. Emmanuel et al. [27] adopted the genetic
algorithm method to design optimization of diamond disk
pad conditioner. Nguyen et al. [28] analyzed kinematic
motions and the contact time to investigate the pad wear
non-uniformity caused by the conditioner with fixed
abrasives and found that the contact time has a heavy
influence on the trajectory distribution.

Although those previous studies provided a nice basis to
understand the influences of kinematics and trajectories dur-
ing machining, few studies have yet reported the relationship
among the abrasive configuration of polishing pads, trajectory
distribution, and its influence on workpiece surface quality.
The present paper was carried out based on the specific design
and the analysis of the trajectory as a standard method; two
abrasive configurations of polishing pads were designed.
Through trajectory calculation and corresponding experimen-
tal investigations, the effects of abrasive configurations on
trajectory distributions and wafer surface quality were further
analyzed, which are of most importance to design and choose
proper abrasive configurations for pads in lapping and
polishing process in the pursuit of high workpiece surface

quality.

2 Kinematic model of workpiece surface trajectory

Plane lapping and polishing with the rotary type are the
most widely used polishers, which mainly consist of a
polishing platen, workpiece carrier, and liquid delivery
system shown in Fig. 1. The pad and the workpiece rotate
in the same direction around their respective axes with the
rotational speed w, and w,, respectively. To describe the
trajectory of a fixed abrasive, two coordinate systems are
defined shown in Fig. 2. A fixed coordinate system XOY
is located at the pad center, and a workpiece coordinate
system xoy is fixed at the carrier center. R is the pad
radius and r is the workpiece radius. e is the distance from
the pad center to the workpiece center, which is called
eccentricity. Taken a typical contact point p, which refers
to an abrasive grain fixed on the pad, into account, the
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Fig. 1 The schematic diagram of polishing

distance from point p to the pad center is R,, and the
initial angle of point p is 6,,.

Based on the polishing kinematic model, the abrasive mov-
ing trajectory in the fixed coordinate system XOY can be de-
scribed as follows:

] = [t 2 d

For the coordinate system xoy and the fixed coordinate
system XOY have a translational relationship, which can be

written as follows:
ko[ A ET R

X| | cos(wyt)
Y| | sin(wyt)

Thus, the trajectory equation in XOY can be translated to

the workpiece xoy system, which can be written as follows:
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Fig. 2 The polishing kinematic model

Then, the trajectory of a contact point p can be expressed in
the rotating (x,,.y,,) as follows:

(4)

X, = R,cos (0,, + wgt—wwt) + ecos(wyt)
y, = Rysin (Gp + wgt—wwt) —esin(wt)

In order to conveniently analyze the influence of process-
ing parameters on trajectory, the rotational speed ratio of the
workpiece to the pad is defined as follows:

Wy

=" (5)

3 Calculation method of trajectory distribution

For trajectory analysis is a standard method to study the gen-
eration of workpiece’s geometrical profile and to predict the
processing accuracy, a calculation method of trajectory distri-
bution is applied in the present paper. Firstly, the workpiece
surface on which the trajectory is distributed is meshed to lots
of small squares. The schematic of meshed small squares for
workpiece surface is shown in Fig. 3. In this paper, the size of
the meshed squares is 1 mm x 1 mm, and the corresponding
time step is 0.001 s in order to obtain a precise trajectory
distribution with the consideration of the whole process.
Next, the number of trajectories 7; as well as its scratching
area s; distributed in the ith meshed square on the workpiece
surface is calculated according to the coordinate of trajectory
point [2, 29].

Then, the density of trajectory distribution in each square
region is calculated, and it can be expressed as follows:
p, = ni/si (i=1,2,--N) (6)
where 7; is the number of scratches in ith square. s; is the
area of ith square. p; is the density of trajectory on ith
square. N is the total number of all squares meshed on
the workpiece surface.

Scratch trajectory
i T Ny
5’ i fl i / / \
t f \
\ \ ’ }
\ /
Square < _
Workpiece ~~1_| |-

Fig. 3 Schematic of the meshed small squares on workpiece
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Based on the density of trajectory distribution, the standard
deviation (SD) of all values of density p; can be expressed as
follows:

where p is the average density of all values of density p;.

At last, for the average density p is much different under
different process parameters, simulation time, the number of
abrasives located on the pad, and the abrasive distribution, it is
important to analyze the distribution of trajectory under the
same level for different conditions. Therefore, the variation
coefficient of SD (VCSD) is applied to evaluate the global
trajectory distribution on the workpiece surface, and it can
be written as follows:

VCSD = SD/p (8)

The smaller value of VCSD means the better trajectory
distribution on the workpiece surface, which is more helpful
to improve the accuracy of the workpiece surface and obtain
proper patterns of polishing pads.

4 Polishing pad design and trajectory analysis
4.1 Pads designed with different abrasive configurations

Based on Eq. (4), it can be found that abrasive trajectories
generated by a polishing pad can be easily obtained with given
set values of the abrasive radial distance and the initial angle
(R,, 0,) besides polishing parameters. For Maltlab software
has the advantages of matrix operations and scientific draw-
ing, polishing pads can be designed with Matlab software, and
matrix can be used to refer the position information of

=
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e
S

Fig. 4 The effect of abrasive position
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Fig. 5 Illustration of pads with different patterns

abrasives located at the pad surface. For the path of abrasive
scratches on the workpiece surface is determined by the abra-
sive position besides process parameters shown in Fig. 4. It
can be seen that the number of abrasives scratching on the
workpiece center is more than that scratching on the work-
piece edge. Taken the influence of abrasive position into ac-
count, two patterns of abrasive distributions are used to pad
design in the present paper, one is the regular configuration
which is often used in lapping and polishing and the other one
is the radial configuration which is designed to reduce the
number of abrasives scratching on the workpiece center. The
illustration of pads with the regular and the radial configura-
tions is shown in Fig. 5.

Taken the actual lapping and polishing process into ac-
count, there are numerous abrasives fixed in the pad, and
abrasives are hard to distinguish with the naked eyes.
Therefore, it is necessary to analyze trajectory distribution
statistically. For the number of abrasives is more than 1,000,
000 in an actual lapping and polishing process according to
the studies of Uneda et al. [30-32], it is impractical to calcu-
late trajectory distribution based on this number due to many
time steps and meshed small squares involved. Therefore, in
order to guarantee the calculation precision and computational
efficiency [16, 28], the number of abrasives is about 12,000
abrasives for both regular and radial pads. The pad diameter is
280 mm, which is identical with the pads used in the following
experiments. Though using a written Matlab program,

20
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VCSD (%)
©
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Fig. 6 Calculated results of VCSD with the regular and radial pads
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abrasives are arranged with isometric array for the regular pad
and are arranged 80 radial directions for the radial pad.

4.2 Trajectory analysis

Based on Egs. (4) and (8), the abrasive trajectory distribution
can be calculated using Matlab software. For the rotational
speed ratio has a heavy influence on trajectory distributions,
the trajectory distributions caused by the regular and the radial
pads were analyzed under different rotational speed ratios. In
calculation, for the abrasive radial distance and the initial angle
(R, 6,) can be obtained during abrasive configuring based on
the written Matlab program. Therefore, taking the workpiece
diameter =100 mm, the certain eccentric distance e=100 mm,
the workpiece rotational speed w,=60 rpm, and simulation
time is 10,000 steps, the results of VCSD for the global trajec-
tory distributions with two pads are shown in Fig. 6.

As shown in Fig. 6, it can be seen that the rotational speed
ratio indeed has an obvious influence on the global trajectory
distributions in both regular and radial configurations, but the
effects of the rotational speed ratio are much different from
each other. The influence of the rotational speed ratio on the
regular pad is much heavily than that on the radial pad. From
Fig. 6, it can be found that the values of VCSD are ranged from
about 10.8 to 17.1 % for the regular configuration, but from
about 7.7 to 8.6 % for the radial configuration. According to
the literature [33], the trajectory distribution is affected by the
radial distance and the initial angle of fixed abrasives, but the
shape of trajectory is not changed with the initial angle.
Therefore, the influence of the radial configuration is much
slight than that of the regular configuration. Based on Fig. 6, it
can be concluded that better flatness could be obtained in
polishing with the radial configuration pad for its smaller
values of VCSD.

Although the value of VCSD can be only used to re-
flect the global uniformity of trajectory distribution, the
profile of trajectory density cannot be revealed. For
roughness is related to the number of abrasive scratches

0
X (mm)

(b) Radial

on the workpiece surface, more scratches can help obtain
lower surface roughness. Therefore, the trajectory density
profiles were plotted under the rotational speed ratio k=1
shown in Fig. 7. It can be seen that the global trajectory
density caused by two pads is much different. The lower
average roughness could be gained from the regular pad
than that of the radial pad for the higher global trajectory
density. However, the trajectory density distributions for
two pads are much different from each other; the trajec-
tory density tends to be a convex distribution with the
regular pad, but it tends to be a concave distribution with
the radial pad, which basically indicates that the rough-
ness distribution on the workpiece surface is much
different.

It should be mentioned that the most reasonable rota-
tional speed ratio for the regular and the radial configura-
tions is different based on Fig. 6, but the rotational speed
ratio can be selected from 0.8 to 1.2 for both abrasive
configuration pads with the consideration of proper rota-
tional speed ratio adopted in effect. In following experi-
ments, the rotational speed ratio k=1 was selected in or-
der to compare the effects of two configuration pads on
the polishing results.

5 Experimental set-up

According to the polishing pads designed above, two
polishing pads (diameter 280 mm) based on the regular and

Table 1  Fabrication conditions of the polishing pads
Diamond Diamond Film Gelling Drying
size, pm concentration, thickness, reaction time,
wt% mm time, min
min
w40 5 0.3 60 120
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(a) Regular pad (b) Radial pad

Fig. 8 Polishing pads fabricated with different patterns

radial configurations were made by the sol-gel method. In
fabrication, polishing pads containing diamond abrasives with
grit size of 40 pum were fabricated through four procedures
including mixing, screeding, gelling, and drying. Fabrication
conditions of the polishing pads were shown as follows: dia-
mond abrasive concentration was 5 wt%, thickness of the
polishing film 0.3 mm, gelling reaction time of 60 min, and
drying time of 120 min, which is shown in Table 1. The
polishing pads fabricated by the sol-gel method are shown in
Fig. 8.

The workpiece used in the experiments is silicon wafers
with the diameter of 76 mm; the original silicon wafer surface
roughness was 0.145 pm. The main performance parameters
of the silicon wafer are shown in Table 2.

Based on the silicon wafer workpiece and the self-made
polishing pads, the polishing experiments were conducted
on an AUTOPOL-1000S lapping and polishing machine
shown in Fig. 9. In the experiments, the rotational velocity
of silicon and polishing pad was fixed at 60 rpm, respectively,
pressure was 1.5 kg, polishing time was 90 min, and distilled
water was utilized as the coolant. The polishing parameters
adopted in the experiments are shown in Table 3.

To obtain the influence of the two polishing pads on the
surface quality of silicon wafers, the surface morphologies
were observed by a VHX-1000 optical microscope. The wafer
thicknesses were measured by the thickness gauge at 20 dif-
ferent positions in order to obtain the profile of thickness
distribution. The surface roughnesses were measured by
Mahr XR20 at six different positions in order to obtain the
profile of roughness distribution. It should be mentioned that
the surface morphologies, thicknesses, and roughnesses of
silicon wafers were detected at the beginning and end of the
experiments, respectively.

Table 2 Main performance parameters of silicon wafer

Mohs Density, Young’s Fracture
hardness g/em® modulus, toughness,

Gpa Mpa.m'?
7 233 187 0.68
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Fig. 9 Illustrations of the experimental set-up

6 Results and discussion

The surface morphologies of silicon wafers in polishing with
the regular polishing pad and the radial polishing pad are
shown in Table 4.

Based on Table 4, it can be observed that many light spots
occurred in the fringe area of the silicon wafers after polishing
either with the regular pad or with the radial pad, but it is much
different in the central area of the silicon wafers. In the regular
pad polishing, few spots occurred in the center area of the
wafer except the fringe area; the wafer surface seems to be
smoother in the center area than that in the fringe area. In the
radial pad polishing, spots occurred either in the wafer center
area or the wafer fringe area, but the number of spots occurred
in the wafer center area is relatively less than that in the wafer
fringe area; the wafer surface seems to be relatively smoother
in the center area than that in the fringe area. Therefore, it can
be found that the morphology difference in the radial pad
polishing is smaller than that in the regular pad polishing,
which indicates that the material seems to be removed more
uniformly when polishing with the radial pad than that with the
regular pad; the big difference is mainly due to the different
trajectory density distribution shown in Fig. 7. As shown in
Fig. 7, the trajectory density ranges from about
1.26x 10* mm 2 in the wafer fringe to about 1.32x 10* mm >
in the wafer center in the regular pad polishing, but it ranges from
about 1.025x 10* mm ? in the wafer center to about
1.04 x 10* mm 2 in the wafer fringe in the regular pad polishing.
The results indicate that polishing with the radial pad can obtain
more uniform workpiece surface for much less trajectory density
variation, and it is basically consistent with the wafer morpholo-
gy results. In order to further clarify the difference, the thick-
nesses of the silicon wafers were measured before and after
polishing shown in Fig. 10.

As shown in Fig. 10, the values of wafer thickness undu-
lations after polishing with the regular pad are bigger than that
with the radial pad. The thickness variation is about 2.8 pum in
polishing with the regular pad, but it is about 1.8 um in
polishing with the radial pad, which indicates that the material
removal is more uniform when polishing with the radial pad
than that with the regular pad. So, it is easier to get better
flatness when polishing with the radial pad. The results reveal
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Table 3 Machining parameters

in polishing of silicon wafer Wafer rotational Pad rotational Certain eccentric Polishing Polishing
velocity, r/min velocity, r/min distance, mm pressure, kg time, min

60 60

100 1.5 90

the heavy influence of abrasive configuration on the wafer
flatness; the smaller value of VCSD can achieve the better
flatness, which shows a good agreement with the analytical
results shown in Fig. 6.

Based on Fig. 10, it can be found that the average removal
thickness of silicon wafer in polishing with the regular pad is
about 10.2 um, and it is about 9.8 um in polishing with the
radial pad, which indicates that the removal rate in the radial
pad polishing is slightly lower than that in the regular pad
polishing. To reveal the difference of material removal, the
removal thicknesses of silicon wafers in polishing with differ-
ent pads are shown in Fig. 11. It can be seen that the wafer
material removal in the wafer center is greater than that on the
wafer edge when polishing with the regular pad, but the results
are in contrast when polishing with the radial pad. According
to the profile of trajectory density shown in Fig. 7, it can be
found that the profile of the removal thickness is generally
similar to the profile of trajectory density either with the reg-
ular pad or with the radial pad, which proves that the profile of
trajectory density has an obvious influence on material remov-
al and finally further influences the wafer flatness.

Figure 12 shows the roughnesses of silicon wafers in the
different positions. It can be found that the value of the aver-
age surface roughness is about 0.024 pum in polishing with the

Table 4

regular pad, but it is about 0.027 pum in polishing with the
radial pad. The value of the average roughness with the regu-
lar pad is lower than that with the radial pad, which has a good
agreement with the analytical results for higher global trajec-
tory density with the regular pad. But, there is a big difference
in the roughness distributions for two silicon wafers with dif-
ferent pads. In polishing with the regular pad, roughness near
the wafer center is much smaller than that near the wafer edge.
But in polishing with the radial pad, roughness near the wafer
center is relatively close to that near the wafer edge. The
polishing results have a basically agreement with the results
based on the profile of trajectory density in polishing with the
regular pad shown in Fig. 7, but it has much different in
polishing with the radial pad. The main reason is probably
due to the pressure on the contact interface of the polishing
pad and the workpiece. Hertz contact theory is used in tradi-
tional lapping and polishing process [34], but it is not suitable
for pads with fixed abrasives. Recently, Dong et al. have found
that the marginal pressure is about 75 % of center pressure; the
pressure distribution tends to be a convex distribution, and its
curves can be fitted by polynomial in lapping and polishing
with fixed abrasives [35]. Based on the results of Dong’s
study, it can be concluded that the actual profile of trajectory
density can be influenced by the weight of pressure

Silicon wafer surface morphologies in polishing with different pads

Pad type Before polishing

Central area after polishing

Fringe area after polishing

Regular
polishing
pad

Radial
polishing
pad
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Fig. 10 Wafer thickness before 510 520
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(a) Polishing with the regular pad

distribution, and it will further affect the surface roughness
distribution. Taken the influence of the convex pressure dis-
tribution into account, it can be found that the convex profile
of trajectory density distribution with the regular pad can be
aggravated, and it results in a bigger difference between the
workpiece center and the workpiece edge; the weight profile
of trajectories tends to be more convex. But for the radial pad,
the concave profile of trajectory density distribution is weak-
ened, and it reduces the difference between the workpiece
center and the workpiece edge; the weight profile of trajecto-
ries tends to be uniform. Hence, it is not hard to understand
that the difference of roughness distribution on the wafer sur-
face is obvious in polishing with the regular pad, but it is not
obvious in polishing with the radial pad.

Based on the above analysis, it can be concluded that
the material removal and wafer surface quality is greatly
dependent on the trajectory distribution, which is further
affected by the pad’s abrasive configuration. Therefore, it
is of significance to design pads with proper abrasive
configuration in the pursuit of high workpiece surface
quality. Based on the method of pad design and trajecto-
ry analysis put forward in the present work, pads with
reasonable abrasive configurations can be effectively de-
signed for different applications in lapping and polishing
process.

—=— Regular —#— Radial

IS
T

Nl
T

Removal thickness of wafer (um)

=
T

-30 -20 -10 0 10 20 30
Distance from the center of silicon wafer (mm)

Fig. 11 Removal thickness with different pads
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(b) Polishing with the radial pad

7 Conclusions

In order to reveal the influence of abrasive configuration on
trajectory distribution, material removal, and wafer surface
quality, the method of pad design and corresponding trajectory
analysis was put forward in the present paper; trajectories
caused by pads with different abrasive configurations can be
readily calculated and analyzed. It is found that abrasive con-
figuration has an obvious influence on trajectories under dif-
ferent rotational speed ratio. Pads with different abrasive con-
figurations can lead to different values of VCSD and trajectory
profiles, which will further influence the material removal,
flatness, and surface roughness.

Based on the results of wafer polishing experiments with
the regular and radial pads, the results show that better flatness
and roughness distribution can be obtained with the radial pad.
Through comparing with the corresponding calculated trajec-
tory results, it is found that the flatness of the wafer is basically
determined by the value of VCSD when using pads with dif-
ferent patterns, the smaller value of VCSD can achieve better
flatness in polishing. The profile of trajectory density distribu-
tion with specific pads could reveal the roughness distribution,
especially taken the pressure into account; the higher global
trajectory density can obtain smaller value of average surface
roughness under the same number of abrasives.

0.036

—&— Regular —#— Radial
0.032 -

0.028 -

0.024

Surface roughness (um)

0.020 -

0.016 L L L L L L L
-30 -20 -10 0 10 20 30

Distance from the center of silicon wafer (mm)

Fig. 12 Roughness with different pads
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With the method of pad design and corresponding trajec-

tory analysis put forward in the present paper, pads with dif-
ferent abrasive configurations can be further simulated based
on the VCSD as the evaluation index; more reasonable abra-
sive configuration pads can be designed though computational
simulations for different applications in lapping and polishing
process.
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