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MECHANISTIC STUDY OF DIELECTRIC CHEMICAL MECHANICAL POLISHING
BY SPECTRAL AND SCALING ANALYSIS OF ATOMIC FORCE MICROSCOPE
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ABSTRACT

Thermal oxide and PETEOS oxide surfaces, polished on an IPEC 472
with different combinations of polish pad, slurry, and polishing conditions,
were studied with ex situ atomic force microscopy. The post polish
surfaces were analyzed qualitatively by visual inspection and
quantitatively by spectd and scaling analyses. Spectral and scaling
analyses gave consistent interpretations of morphology evolution.
Polishing with either a fixed abrasive pad or alumina-based slurry
occurred via a mechanism for which asperities are removed and recesses
are filled. A sputtering-type mechanism may contribute to material
removal when polishing with silica- or ceria-based slurries.

INTRODUCTION

Chemical mechanical polishing (CMP) is the primary method for ILD planarization
and formation of metal darnascene structures in IC manufacturing. During CMP a wafer
is rotated about its center while being pressed, device-side down, against a rotating
polishing pad that is covered with a polishing medium. Currently used polishing
techniques have the polishing media either entrained in a slurry or embedded in the
polishing pad.

The mechanism of material removal in oxide CMP is not known, although attention
has been focused on the mode of contact between the particle and the wafer surface.
Oxide CMP has many characteristics in common with glass polishing. Cook reviewed
existing theories of glass polishing and presented new theories on the microscale
processes involved in the erosion of glass surfaces (l).

Cook et al. asserted that the best description of the CMP process is the asperity contact
model (2). In this model, contact of the wafer and pad is proposed to occur primarily on
asperities of the pad that extend far beyond the average surface of the pad. Polishing
particles that are caught between the asperities and the wafer surface perform the
abrasion that removes the material on the wafer. The contact of the polishing particle
with the wafer is often described by the Hertzian indentor model (l). Tomazawa
supported the hypothesis that the oxide surface layer is removed by the plowing effect of
the abrasive particles (3).
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Runnels has discussed that material removal can occur by impingement of the wafer
with the slurry particle and without simultaneous contact between the wafer, polishing
pad, and polishing particle (4). Runnels called this polishing regime slurry shear based
erosion. In a recent patent, Runnels and Toprac provided a design for a wafer polisher
that removes material by forced flow of slurry across a wafer surface in a flow channel
(5). Certainly, in this polisher simultaneous contact of wafer, pad and particle would be
impossible because there is no pad. However, usual CMP processes require a polishing
pad owing to machine design. Hence, it is not clear that slurry shear-based erosion is
possible.

Methods for quantitative analysis of surfaces grown or eroded at the gas/solid
interface have been advanced for many years. Herring was the f~st to consider the
evolution of surfaces by different smoothing and roughening mechanisms (6). His work
stimulated efforts in many processes for which material is added to or removed from
surfaces. The development of scanning probe microscopy (SPM), which provides a high-
resolution method of obtaining surface height variation and morphology evolution, has
further enabled these quantitative analyses. The direct observation of surfaces using SPM
and the comparison of these observations with well-developed theoretical descriptions of
growth and erosion mechanisms have increased understanding of these mechanisms in
vapor and liquid phase processes.

In this work a methodology for analyzing post-CMP surfaces in a quantitative way,
using established methods developed originally to describe vapor deposited or vapor
eroded surfaces, is presented. Atomic force microscope images of post-CMP surfaces,
produced under different polishing conditions, were analyzed. Well-developed models
were used to suggest erosion mechanisms important in CMP.

EXPERIMENTAL

Polishing

Blanket 150 mm diameter silicon wafers were coated with 2 pm thermal oxide or with
silicon dioxide material deposited by plasma enhanced chemical vapor deposition of
tetraethyl orthosilicate (PETEOS). All wafers were polished on an IPEC 472 polisher.

Wafers were polished using several different combinations of fdm type, pad, slurry,
and polisher settings. The details of the composition of the slurries used are listed in
Table I, and the polishing conditions are listed in Table II. Two different polishing pads
were used. The IC1400 K groove pad consists of a 50 mil thick porous polyurethane pad
stacked on top of a soft 50 nil thick foam pad, and the Politex pad is made of a flexible
felt-like material (both are produced by Rodel Corporation). Many of the wafers were
polished using a time sequence experiment in which eight wafers were polished between
10 sec to 45 sec at intervals of 5 sec and three more wafers were polished for 60 see, 105
see, and 150 sec. All other wafers were polished for the times listed in Table II. The



wafers were cleaned with dilute ammonia using a double sided brush scrub process on an
OnTrak scrubber.

In situ pad conditioning usrng a Ni-bonded diamond disk attached to the APP1OOO
conditioning system on the IPEC 472 polisher. Conditioning was performed for all
polishing runs except the runs that used the fixed abrasive pad and the Politex pad.

@E@

Images of polished surfaces were captured on a DigitaI Instruments D5000 atomic
force microscope (AFM) operated in TappingModeTMwith etched silicon probes. Five
images were captured per wafer in locations designated as center, right, left, top and
bottom. The bottom of the wafer corresponded to the wafer flat. The five images per
wafer were captured with at least three different probes. Scan sizes were either 15 pm or
20 pm.

ANALYSIS

Three methods of analysis of AFM images are employed. Visual inspection of the
AFM images obtained on post CMP surfaces is performed. Also, two methods of
quantitative analysis are used in the present work. In the frost method, power spectral
densities of AFM images are analyzed to infer mechanistic processes that may occur
during CMP of oxide surfaces. In the second method, scaling parameters extracted from
the experimental data are compared to the parameters determined from continuum
models in order to infer information about mechanistic processes important during CMP
and to aid in clarification of the results of the spectral ardysis. The scaling analysis
proves useful even though the continuum models are subject to strict limitations that are
rarely satisfied by real surfaces. The quantitative techniques used to identi@ mechanistic
processes are described below.

Spectral Analysis

The power spectral densities of AFM images are used to obtain information about the
erosion mechanisms operative during polishing. Herring analyzed the evolution of
surfaces during sintering and was the first to use scaling arguments to show that the
mechanisms important during sintering affected the morphology differently and left a
different signature in the power spectral density (6,7). In linear response theory, the
different mechanisms can be described in reciprocal space by the following equation:

ah(lql,t)

at
= Iqlnh(lql,t)

[1]
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in which q is the wave vector, h( q, t) is the radial average of the Fourier transform of

E/(r, t), the surface profile, and n is an integer that takes on a value characteristic of a
particular process (7,8). The n value is the key metric that differentiates mechanisms. For
example, a sputter erosion mechanism is characterized by n=l (9,10), a knock-off
mechanism for which material is removed from asperities to recesses gives n=2 (9,10).
Volume diffision gives n=3 (6,7,10), and surface diffhsion gives n=4 (6,7,10). Each
process, represented by a term in Eq. [1], is linear in its description. Therefore, a
complete description of the surface is obtained by summing the individual process. In the
present study, attention was directed to the appearance of a process characterized by n=l,
as this term would suggest that material was removed by sputter-type erosion which is a
mechanism that does not require simultaneous contact of pad, wafer, and slurry particle.
It is suggested that the sputtering mechanism maybe compared to the slurry shear erosion
mechanism proposed by Runnels (4).

Scaling Analysis

The root mean square (rms) height of a surface, o, is a quantitative measure of surface
roughness. Tong and Williams (7) described its calculation. The value of c depends on
the surface area being averaged for each measurement (lateral resolution) (11). As the
length scale used to calculate o increases, the value of c also increases up to a certain
value. The limiting value, or saturation value, and the location of the onset of the limiting
value are characteristics of a given system. The scaling behavior of roughness can
provide insight into the mechanisms important.in the production of a surface
morphology, although, as noted by Tong and Williams (7), most systems we not well
modeled by scaling analyses.

According to scaling theory, therms roughness, o, also called the interface width, can
be represented by

c(t)= Laf(t/La’p) [2]

where u and ~ are defined as the static and dynamic scaling exponents and L is the length
scale over which the roughness is measured. The scaling exponents represent convenient
quantitative parameters of changing surfaces that can be used for comparison between
experimental data and theoretical predictions.

In the present work, the rrns surface roughness (6) was calculated for increasingly
larger sample sizes from the images of surfaces produced by polishing for the longest
times with the conditions described in Table II. The smallest sample size considered was
205 nm on a side which represents an eight by eight data point grid in the 15 x 15 pm
image. A total of 2402 samples at this smallest area were analyzed and a representative
rms value for the sample size was calculated by averaging the 2402 values. The sample
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size was then increased and the rms recalculated until the image size of 15 pm was
reached. For a 20 pm image, the smallest area was 275 pm.

The static scaling exponents (a) were calculated from the analysis of the variation of
rms roughness with sample size. The initial part of the o with sample size curve was
fitted to a power law from which the value of the static scaling exponent was determined.
The dynamic scaling exponent (P) was calculated by fitting the variation of the saturated
value of therms roughness with time to a power law. Details of calculations can be found
elsewhere (7,8).

Once calculated, the scaling parameters are compared to parameters derived from
continuum models used to describe surface morphology evolution. Of particular interest
in the present work is the model of Kadar, Parisi, and Zhang (KPZ). The KPZ model is a
phenomenological model that takes into account the processes of filling in of recesses
and the erosion of asperities (7,8). The KPZ equation is characterized by cxvalues of 0.3-
0.4 and ~ values of 0.24-0.25. In its description the KPZ model includes phenomena that
may be compared to the phenomena represented by n=2 in the spectral analysis.

RESULTS AND DISCUSSION

The mechanistic analysis of erosion provides insight into the processes occurring
during chemical mechanical pkmarization. In the present section three levels of analysis
will be pursued: qualitative analysis of AFM images and quantitative analysis using
spectral and scaling analysis techniques.

AFM Images

Ex situ AFM images representative of the post CMP surfaces are shown in Figs. 1 to
6. All images are of surfaces polished for the longest polish time for the particular
combination of wafer/consumable/polishing conditions. All of the images in Figs. 1 to 6
have a z scale of 5 nm. Images of wafers polished for successive times do not show
significant differences in morphology (images are not shown). The images in Fig. 2(b)
and Fig. 4 show small scratches, or nano-grooves. Previous studies have noted the
presence of nano-grooves of 1 nm depth on the post-polish surface (2,12). The presence
of the scratches has been interpreted as direct evidence of the Hertzian indentor in the
asperity contact model of material removal (2). The absence of scratches in a 15 pm
image is not conclusive evidence that’removal by an indentor does not occur. However,
because polishing with a fixed abrasive pad necessarily occurs through contact between
pad, particle, and wafer, the scratches in Fig. 4 are easily identified with the asperity
contact model. For most of the surfaces in the present study, visual inspection of the post-
CMP AFM images offers little insight into removal mechanism.
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Spectral Analysis

The second method for gaining insight into the erosion mechanisms of CMP comes
from studying the radially averaged power spectral densities. As discussed in the analysis
section, different mechanisms affect the morphology differently thus leaving different
signatures in the power spectral density. The comparison between the surfaces produced
by polishing with the fixed abrasive pad and those produced by polishing with the slurries
is of particular interest because this comparison may demonstrate whether a slurry shear
based erosion mechanism is possible in dielectric CMP. All power spectra presented in
this section are an average of the spectra at the five image locations. The power spectral
densities are normalized by dividing all values by the value at the image size.

Figure 7 is a plot of the normalized power spectral density for a PETEOS oxide
surface polished with the fixed abrasive pad. Also included in the graph is a line
representing q-2where q is the wave number. It can be seen in Fig. 7 that the normalized
power spectral density for the surface follows the q-2line. Karunasiri (9) and Eklund et
al. (10) have discussed that a process characterized by a lateral motion of material alon a

-fsurface, in which material is removed from asperities and recesses are filled in, has a q
dependence on the wave number. It is suggested that polishing by the asperity contact
model of polishing would follow a q-2dependency. Polishing with a fixed abrasive pad
necessarily occurs through the simultaneous contact of wafer, pad, and polishing particle,
and the motion of the polishing particle is in a direction that is perpendicular to the
surface. Thus, the surfaces produced by polishing with a fixed abrasive pad are consistent
with the q-2dependency.

Figure 8 is a plot of the normalized power spectral density for a PETEOS oxide
surface produced by polishing with MSW2000@ slurry in conjunction with an IC1400 K
groove polishing pad at conditions of 9 psi and 90 rpm. Also included on the plot is a q-2
reference line. The data also show a q-2dependency that suggests removal governed by
the lateral motion mechanism.

Figures 9 (a) and (b) are plots of the normalized power spectral density for PETEOS
surfaces polished with the SS-12 slurry in combination with either the Politex polishing
pad or the IC1400 K groove pad at (a) 3 psi and 30 rpm or (b) 9 psi and 90 rpm. Also
included in the plots are reference lines for q-2.Several interesting features are evident in
these figures. The normalized power spectral densities do not follow the q-2reference
line. The normalized power spectral densities in Fig. 9 diverge from the q-2reference line.
Thus, the power spectra suggest that processes characterized by q-2and q-l behavior
contribute to the production of the surfaces. As discussed by Karunasiri and Eklund et al.,
a sputter removal process is represented by a q-l dependence, indicating that material
removal for these surfaces was partially by a sputter-type mechanism (9,10). More
specifically, the normalized power spectral density in Fig. 7 for the surface polished with
the fixed abrasive pad is representative of a mechanism for which there is simultaneous
contact of wafer, pad, and polishing particle. The normalized power spectral densities
represented in Fig. 9 are different fi-omthe normalized power spectral densities in Fig. 7
and Fig. 8. These differences can be described by including a sputtering term in linear
response theory. A sputtering process does not require simultaneous contact between
wafer, pad, and particle. Thus, if a sputtering process contributed to material removal, the
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results suggest that polishing does not necessarily occur through simultaneous contact of
wafer, pad, and slurry particle. The results in Figs. 9 (a) and (b) show that the sputter
mechanism becomes more important when polishing with the Politex polishing pad. The
power spectral densities in Fig. 9 (b) diverge more significantly from the q-2reference
line, as compared to the power spectral densities in Fig. 9 (a), indicating that the
sputtering mechanism may be more prominent at the higher speeds and pressures.

Figures 10 (a) and (b) are plots of the normalized power spectral densities for
PETEOS and thermal oxide surfaces polished with the SS-12 slurry in combination with
the IC1400 K-groove pad at (a) 3 psi and 30 rpm and (b) 9 psi and 90 rpm. Also included
on the graph is a reference line for q-2.The two power spectral densities in Figs. 10 (a)
and (b) diverge from the q-2reference line indicating that material removal by sputtering
may be important for the polishing of both PETEOS and thermal oxide surfaces with
these consumables. Furthermore, the power spectral densities for the thermal and
PETEOS oxide surfaces are very similar at the two polishing conditions indicating that
these film types do not affect the final surface morphology for these particular oxide
processes.

Figure 11 is a plot of the normalized power spectral densities for thermal oxide
surfaces polished with the SS-12 silica slurry in combination with the IC1400 K-groove
pad for two polishing speeds, 30 rpm and 90 rpm, and three pressures, 0.5 psi, 30 psi, and
90 psi. Also included on the plot is a reference line for q-2.It can be seen in Fig. 11 that
all power spectra densities diverge from the q-2line suggesting that removal by a sputter-
type mechanism may be operative during polishing. Additionally, the plot shows that
changes in rotation speed, as compared to changes in down force, result in divergence
from q-2line over a larger range of wavelengths. Furthermore, changes in speed more
significantly affect the shape power spectral densities, and hence the removal
mechanisms operative during polishing, than do changes in down force as evidenced by
the similarity of the normalized power spectral densities at similar rotation speeds.

Figure 12 is a plot of the normalized power spectral densities for 3 PETEOS surfaces
polished with the three Klebesol” slurries in combination with the IC1400 K-groove
polishing pad at 6 psi and 60 rpm. Figure 12 also has a reference line for q-2.It can be
seen in Fig. 12 that the power spectral densities for all three surfaces diverge from the q-2
reference line, suggesting that material removal by a sputtering mechanism is important
in polishing. Furthermore, the shapes of the three normalized power spectral densities are
similar, suggesting that the pH of the slurries had little effect on the erosion mechanisms
that contribute to material removal.

Figure 13 is a plot of the normalized power spectral densities for two PETEOS
surfaces polished with the ceria slurry combination with the IC1400 K-groove pad at 3
psi down force and 30 rpm polishing speeds or 9 psi down force and 90 rpm polishing
speeds. Also included on the plot is a reference line for q-2.It can be seen that, within
error, the normalized power spectral density does not diverge from the q-2reference line.
However, for wavelengths larger than 0.8 pm, the normalized power density perhaps
shows a slope between –1 and –2. However, unlike the normalized power spectral
densities in Fig. 11, the surfaces polished with ceria do not show a change in power
spectral density with changes in polishing conditions, that is from 3 psi and 30 rpm to 9
psi and 90 rpm. Thus, the mechanisms operative in polishing with the ceria slurry are not
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clear from the power spectral density analysis. The scaling analysis in the next section
will be used to clarify these results.

Scaling Analvsis .

Comparison of the experimentally derived continuum scaling p.ararneters with those
obtained from theoretical models provides insight into the erosion processes operative in
the CMP of silicon dioxide surfaces. Table III summarizes the theoretically calculated
static (CL)and dynamic (~) scaling parameters as well the parameters for the polished
surfaces of the present study.

The values in Table III show that the static scaling exponent (cx)from surfaces
polished with either the fixed abrasive pad or the alumina-based slurry compare well with
the parameter derived from the model developed by Kadar, Parisis, and Zhang (KPZ).
This agreement with the KPZ parameter suggests that the processes operative during the
polishing of surfaces with either the fixed abrasive pad or the alumina-based slurry is
dominated by the erosion of asperities and the filling in of surface recesses. ~

The static scaling exponents (et) calculated for the suffaces polished with the SS-12
slurry, all Klebesol slurries, and the ceria slurry are similar to each other but smaller than
the value calculated from the KPZ equation. In the same way, the dynamic scaling
exponents, ~, calculated for these surfaces, where available, are similar to each other,
smaller than the value calculated from the KPZ equation, and have values close to O.
These static and dynamic scaling exponents do not match well the scaling exponents
predicted from continuum models of eroding surfaces, a result that is perhaps not
surprising as it has been noted that most experimental systems cannot be modeled very
well by scaling relations (7). However, recent work discussed that surfaces produced by
sputtering can have static scaling exponents with values approaching zero (CX+ O)(13).
The exponents derived from the surfaces polished with the ceria slurry compare well with
the exponents derived from surfaces which, according to the spectral analysis, were
produced at least in part by a sputtering mechanism. Thus, a sputter-type mechanism is
likely important in polishing with ceria and the scaling analysis addresses an ambiguity
of the spectral analysis.

Finally, the scaling analysis strongly suggests a division of the post-polish surfaces
into two types: those with static exponents that match well the exponents predicted the
KPZ equation (fixed abrasive and alumina-based) and those with exponents that do not
match well the static exponent predicted by the KPZ equation. This division
complements the division suggested by the spectral analysis and supports the assertion
that different erosion mechanisms can be operative during CMP of oxide surfaces.

CONCLUSIONS

. Silicon dioxide surfaces (CVD PETEOS and thermal oxide) were polished with
different combinations of polish consumables (pad, slurry) and polish conditions and
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studied by ex situ atomic force microscopy. The post-CMP surfaces were analyzed on
three levels: (i) qualitatively by inspection of AFM images, (ii) quantitatively by analysis
of spectral power densities, and (iii) quantitatively by scaling analysis.

Inspection of AFM images revealed that not all of the images show the nano-grooves
previously interpreted as direct evidence of the asperity contact model of material
removal. Visual inspection of AFM images of post-CMP surface offers little insight into
erosion mechanisms.

Spectral analysis of surface morphology gave insight into the smoothening and
roughening processes operative during CMP. Power spectral analysis indicated that the
surfaces polished with a fixed abrasive pad were produced by a lateral transport
mechanism. Power spectra of surfaces polished with an alumina-based slurry indicated
that, like the surfaces polished with the fixed abrasive, the surfaces were produced by a
lateral transport mechanism. All surfaces polished with silica-based slurries yielded
surface morphologies that were attributed, at least in part, to the removal of material by a
sputter-type”mech-inism. When polishing with silica slurries, changes in polishing speed
had a more significant effect on the polishing mechanisms than did changes in polishing
pressure. Changes in pH of silica slurries did not significantly change the removal
mechanisms operative during polishing. Finally, power spectra of surfaces polished with
ceria slurry suggested that the morphology might have been produced by both sputter-
type and lateral motion mechanisms.

The static (a) and dynamic (~) scaling exponents derived from the images of the
different surfaces yielded interpretations of mechanism that were fairly consistent with
the mechanisms suggested by the spectral analysis and indicated that the polished
surfaces could be classified in two categories. Surfaces produced by polishing with the
fixed abrasive or the alumina slurry (MSW20007 yielded static exponents that agreed
well with the exponents obtained from solutions of the KPZ equation. The KPZ model
suggests that the surface morphology is produced by the erosion of asperities and by the
filling in of surface recesses. All other surfaces yielded static exponents that have been
shown to be characteristic of the erosion of surfaces by sputtering.
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Table I Description of slurries used.

Shlrry Abrasive Chemistry
MSW2000@ Alumina K103 + potassium hydrogen phlalate

150 nm (PHP)
pH-4

ss-12@ Fumed silica pH 10.9-11.2
130-180 nm

“.wwz’Tm--- . . . ..-,,* 7-7fm?’ ..,. ,, . , .+-,~,->>-... , . .,,,. .. . ..>,.,:J ‘
.-. -. —-. . . . . . .

,,. . .

Klebesol 1498-50 I Colloidal silica I Neutral pH
50 nm

Klebesol 1598-50 Colloidal silica pH 10.8
50 nm ~OH stabilized

Klebesol 30H50 Colloidal silica pH 2.5
50 nm

STSIOOODV@ Ceria Neutral pH
300 nm (chemistry not added)
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Table 11 Summary of polish experiments.

Pad Type Slurry

Fixed Abrasive KOH solution
3M Slurry-Free
Developmental
Pad Sample(1998)

IC1400 K groove MSW2000°

(HzO:Ceria=5:l)

I

IC1400 K groove I Klebesol@
1498-50
1598-50
30H50

-

Film Polish Polish Times
Type Conditions
PETEOS 5 psi125 rpm 45 sec

PETEOS 3 psi/30 rpm 10 to 45 sec in 5
9 psi/90 rpm sec intervals,

60, 105, 150 sec

PETEOS 9 psi/90 rpm 10 to 45 sec in 5
sec intervals,
60, 105, 150 sec ‘

PETEOS 6 psi160 rpm 10 to 45 sec in 5
sec intervals,
60, 105, 150 sec

PETEOS 3 psi/30 rpm 150 sec
9 psi/90 rpm
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Figure 1:15 pm x 15pm AFM images of PETEOS surfaces polished with the Politex
pad and SS-12 slurry at (a) 3 psi down force and 30 rpm rotation speeds and (b) 9 psi
down force and 90 rpm rotation speeds. Z scale is 5 nm.
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Figure 2: 15pm x 15pm AFM images of PETEOS surfaces polished with the IC1400 K
groove pad and SS 12 slurry at (a) 3 psi down force and 30 rpm rotation rates and (b) 9
psi down force and 90 rpm rotation rates. Z scale is 5 nm. .
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Figure 3:15 mm x 15 mm AFM images of PETEOS surfaces polished at 6 psi down
force and 60 rpm rotation speeds with the IC1400 K groove pad and (a) 1498-50, (b)
1598-50, and (c) 30H50 Klebesol@slurries. Z scale is 5 nm.
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Figure 4:20 m x 20 pm AFM image of PETEOS surface polished with the fixed
#abrasive 3M Rslurry free developmental pad sample (1998) and KOH at 5 psi down force

and 28 rpm rotation rates. Z scale is 5 nm.
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Figure 5: 15pm x 15 pm image of a PETEOS surface polished with the IC1400 K
groove pad and the MSW2000@ alumina slurry at 9 psi down force and 9 rpm polishing
speeds. Z scale is 5 nm.
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Figure 6:15 ~m x 15pm AFM images of PETEOS surfaces polished with the IC1400 K
groove pad and the ceria particles from the STS 1000@ slurry at (a) 3 psi down force and
30 rpm rotation speeds and (b) 9 psi down force and 9 rpm rotation speeds.
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Figure 7: Normalized power spectral density for PETEOS surfaces polished with the
fixed abrasive pad at 5 psi down force and 28 rpm rotation speeds.
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Figure 8: Normalized power spectral density for PETEOS surfaces polished with
MSW2000@alumina slurry and IC1400 K groove pad at 9 psi down force and 90
rpm rotation rates.
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Figure 9: Normalized power spectral densities for PETEOS surfaces polished
with SS-12 slurry with the Politex pad or IC1400 K groove pad at (a) 3 psi down
force and 30 rpm rotation speeds or (b) 9 psi down force and 90 rpm rotation
speeds.



10

1

0.1

0.01

0.001

0.0001

10-5

1,1 1 1 , 1 l“’” 1 , 1 1“’” 1 a , 1“’” 1 1 1

‘(a)

10

1

0.1

0.01

0.001

0.0001

❑

o

100

10-5

10 1 0.1 0.01

. .-. , -p=m.m,--~m ,, , . . . , . . ,, <%ya.m.w,m —am.> ,,,. . ..—- .’ . . . ..- . . ....4. > +. ..?..,, ., /...-. .. ..Y.-~~~”—” ....\..,-. .... .. .,-,, :.......,.,,.: !:, ..., - .--- +-”

Wavelength (~m/cycle)

-II , 1 , , l“’” a E , l“’’” 1 E , 1“’” * a 1
i

•1

o

2

(a)

, , av # 1 1,,s#a1 1 1 1s1111t , 1 1,,1111 1 1

100 10 1 0.1 0.01

Wavelength (pm/cycle)

Figure 10: Normalized power spectral densities for PETEOS and thermal oxide
surfaces polished with the IC1400 K groove pad and SS-12 slurry at (a) 3 psi down
force and 30 rpm rotation rates or (b) 9 psi down force and 90 rpm rotation rates.
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Figure 11: Normalized power spectral densities for thermal oxide surfaces polished
with the IC1400 K groove pad and SS-12 slurry at four polishing conditions.
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Figure 12: Normalized power spectral densities for PETEOS oxide surfaces
polished with the IC1400 K groove pad and three Klebesol@ slurries at 6 psi down
force and 60 rpm rotation speeds.
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Figure 13: Normalized power spectral densities for PETEOS oxide surfaces
polished with the IC1400 K groove pad and ceria slurry at 3 psi down force and
30 rpm rotation rates or 9 psi down force and 90 rpm rotation rates.
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Table III: Summary of static (u) and dynamic (~) coefficients from the AFM images of
surfaces polished with the conditions listed in Table II.

a B

Continuum models

Surface diffixion (7) 1.0 0.25
KPZ equation (7,14) 0.3-0.4 0.24-0.25

Experimental (PETEOS)

Fixed Abrasive Pad 0.337MI.027 Not available

IC1400 K-groove+ MSW2000@
9 psi/90 rpm 0.398+0.008 0.1 13+0.041

IC1400 K-groove+ SS-12 “
3 psi/30 rpm 0.180+0.009 0.03M0.014
9 psi/90 rpm O.184+0.003 -0.018A0.023

Politex -1-SS-12
3 psi/30 rpm o.14c&o.o13 Not available
9 psi/90 rpm 0.15(M0.025 Not available

IC1400 K-groove+ Klebesol@
(6 psi/60 rpm)

1498-50 0.126*0.013 -0.044*0.027
1598-50 0. 183A0.006 -0.064MI.021
30H50 0.152A0.006 -o.068f10.oo6

IC1400 K-groove+ Ceria
3 psi/30 rpm 0.124N.012 -0.07 M0.137
9 psi/90 rpm O.1O3*O.O1O o.040k0.070

Experimental (Thermal Oxide)

IC1400 K-groove+ SS-12
0.5 psi/30 rpm 0.099i0.008 Not available
0.5 psi/90 rpm 0.148M.026 Not available
3 psi/30 rpm O.128N.O1O Not available
9 psi/90 rpm o.12%k0.o12 Not available


