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POLISHING SLURRIES AND METHODS FOR UTILIZING SAME

TECHNICAL FIELD

The present disclosure is generally related to polishing slurries and methods for
polishing workpieces or components, and in particular, polishing slurries
incorporating a liquid medium and a particulate abrasive and methods for utilizing the

SAINC.

BACKGROUND ART

Across a wide range of industries it is common to machine workpieces or
components, including metal and ceramic components as well as composite
components. One mature and intensely studied industry area includes the polishing of
semiconductor substrates by a process that is known as chemical-mechanical
polishing (CMP), in which a slurry is both mechanically and chemically active to
remove the deposited materials from a semiconductor substrate. Other art areas have
focused purely on mechanical removal, through use of abrasive slurries (also know as

free abrasives), containing abrasive particulate material such as diamond, as well as a

—— g~ g gl — — — — e fl— - ——— -— e —— e . — [—. - g—— c—— - e e

Among the many types of ceramic and metal components that are subjected to
post-formation machining, components formed of hard ceramic materials such as
silicon carbide represent a particular challenge. Such components have found
industrial use in a wide array of applications, including structural, refractory, and
semiconductor processing components. Due to processing constraints associated with
conventional ceramic processing including natural process tolerances, ceramic
components such as silicon carbide components oftentimes require post-forming
machining in which the components are in a densified form but require surface
finishing. Given the hardness of typical ceramic components, it is generally
laborious, expensive, and time consuming to effect final stage machining, which

oftentimes includes polishing.

In light of the foregoing, many industries continue to seek polishing slurries or

free-abrasives and process methodology associated therewith that simultaneously
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achieve a high material removal rate (MRR), as well as a suitably fine finish, such as

low surface roughness and high degree of planarity and surface parallelism. Such

needs are particularly acute in the context of ceramic components, particularly

including hard ceramics as noted above.

DISCLOSURE OF INVENTION

According to one aspect, a polishing slurry is provided that includes a liquid
medium and a particulate abrasive that includes a combination of soft abrasive
particles, hard abrasive particles, and colloidal silica particles. The soft abrasive
particle may have a Mohs hardness of not greater than 8, and the hard abrasive
particles may have a Mohs hardness not less than 8. The soit abrasive particles are
typically present in a greater amount than the hard abrasive particles, such as at a

weight ratio of 2:1 with respect to the hard abrasive particles.

According to another embodiment, a polishing slurry includes a liquid medium
and particulate abrasive, including ceria particles, diamond particles, and colloidal
silica particles. The ceria particles form not less than 50 wit% of the particulate

abrasive.

According to another aspect, a polishing slurry includes a liquid medium and a
particulate abrasive including soft abrasive particles, hard abrasive particles, and
colloidal silica particles. The particles are present in respective amounts of X wi%o, y

wt%, and z wt%, wherein X + z > 2y.

According to another embodiment, a polishing slurry includes a liquid medium
and particulate abrasive including soft and hard abrasive particles, and colloidal silica
particles. The hard abrasive particles have a higher Mohs hardness than that of the
soft abrasive particles, and at least one of the soft and hard abrasive particles have a

positive surface charge, thereby flocculating with the colloidal silica particles.

According to another aspect, a method of polishing a ceramic component 1S
provided, including providing one of the polishing slurries as described above
between a ceramic component and machine tool, and moving the ceramic component
and machine tool relative to each other to effect material removal form a surface of

the ceramic component.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1-4 illustrate polish rates of various slurries on single crystal SiC.

MODES FOR CARRYING OUT THE INVENTION

According to one embodiment, a polishing slurry is provided that includes a
liquid medium in which a particulate abrasive is provided. The particulate abrasive
has generally a composite structure, including several different species of abrasive
particles. In one embodiment, the particulate abrasive includes soft abrasive particles,
hard abrasive particles, and colloidal silica particles. Generally, the hard abrasive
particles have a higher Mohs hardness than the Mohs hardness of the soft abrasive
particles. For example, the Mohs hardness of the hard abrasive particles may be not
less than 8, such as not less than 9, and indeed may have a hardness of 10. In
contrast, the soft abrasive particles may have a hardness not greater then 8, such as
not greater then 7, or even not greater than 6. In one particular embodiment, the soft
abrasive particles are principally formed of ceria, while the hard abrasive particles are
principally formed of diamond. Other hard abrasive particles include boron carbide,

silicon carbide, and aluminum oxide.

be considered to form a CMP slurry that is both mechanically and chemically active.
Here, the ceria may act as an oxidizer during polishing operations to assist in material

removal.

Most often, the particulate abrasive includes a notably higher content of soft
abrasive particles relative to hard abrasive particles, such as at a weight ratio of
soft:hard particles of not less than 2:1, such as not less than 5:1, 10:1, or even 15:1.
Indeed, certain embodiments have a fairly high loading of soft abrasive particles, such

as represented by a weight ratio of not less than about 20:1.

The soft abrasive particles may be present as the majority component in the
particulate abrasive, forming not less than 50 weight percent of the particulate
abrasive. In other embodiments, the particulate abrasive contains x wt% soft abrasive
particles, y wt% hard abrasive particles, and z wt% colloidal silica particles, wherein

x + z > 2y. For example, certain embodiments may have even higher concentrations

Embodiments herein utilizing ceria as the soft abrasive particulate material may
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of soft abrasive particles and colloidal silica particles relative to the hard abrasive

particles, represented by the relationship x + z = 3y or even Jy, 8y, 10y, or even =
12y. Indeed, certain embodiments may have even higher loadings of soft abrasive
particles and colloidal silica particles relative to the hard abrasive particles, such as

represented by a relationship x +z > 13y, or even 20y.

Turning to more specific compositional parameters of various polishing slurries
according to embodiments herein, the slurry may contain particulate abrasive, which
comptrises 50-95 wt% soft abrasive particles, 0.5-15 wt% hard abrasive particles, and
4.5-35 wt% colloidal silica. Another embodiment calls for 70-95 wt% soft abrasive
particles, 0.5-15 wt% hard abrasive particles, and 4.5-25.5 colloidal silica. In yet
another embodiment, the particulate abrasive includes 75-95 wt% soft abrasive

particles, 0.5-10 wt% hard abrasive particles, and 4.5-24.5 wt% colloidal silica.

Turning more specifically to the various particles that make up the particulate
abrasive, generally the hard abrasive particles are relatively fine, having an average
particle size of about 0.02-50 pum, such as 0.05-10 um, or even within a narrower
range of 0.05-1.0 um. Various commercially available diamond particles may be

utilized having average particles sizes within those ranges mentioned herein. Turning

~ “to°the soft abrasive particle; the particles may have a fairly fine morphology, having-a -

20

25

30

particle size within a range of about 3-800 nm, such as within a range of about 10-300
nm, or even 10-200 nm. As noted above, one of the particular species of soft abrasive

particles utilized herein is CeO; (ceria or cerium oxide).

Turning to the colloidal silica, the term “colloidal ” is utilized herein to mean
particulate material that is normally dispersed in a liquid medium and which remains
dispersed by Brownian Motion absent interaction with other particulate species. That
is, as a standalone ingredient for integration into a slurry with other particulate
species, the colloidal silica is generally substantially free of agglomeration and may
be substantially mono-dispersed. However, the state of dispersion of the colloidal
silica may be altered in the context of a ready to use slurry as discussed i more detail
below. In one embodiment, the colloidal silica is a solution-formed particulate
material, formed from a sol or sol-gel process to form nano-sized particles. The

colloidal silica generally has a very fine average particle size, generally sub-micron,
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and even more typically within a range of about 3-200 nm, such as within a range of

about 10-100 nm, or even 10-75 nm.

Typically, the solids loading or percentage of particulate abrasive in the

polishing slurry lies within a range of about 2-50 weight percent, such as 2-35 wt%,

5  or 5-25 wit%. The foregoing loading represents the total solids content within the
slurry based on the total weight of the slurry including both the solid particulate
components and the liquid components. In this respect, the liquid medium may be
water (aqueous), organic, or a combination of water and organic species. Typical

species for the liquid medium include deionized water, glycerin, and/or TEA.
10  Example

In one example, the following slurry composition was formed.

Colloidal Silica: 0.0177 parts by weight
Glycerin: 0.2474 parts by weight
Water: 0.62277 parts by weight

15 TEA: 0.0032 parts by weight

st gl e e e e " e — = —
- l——— g i

Diamond: 0.0045 parts weight

The total solids loading was about 0.1322 parts or 13.22 wt%, made up of 3.4

wi% diamond, 83 wi% ceria, and 13.4 wit% colloidal silica. The colloidal silica had

20  an average particle size under 100 nm, with particular silicas at about 40nm and about
50 nm. The ceria had an average particle size below 200 nm, about 165 nm. The

diamond had an average particle of about 0.10 pm.

According to yet another aspect of the present invention, methods for

machining (particularly including polishing) a ceramic component are provided.

25  According to one method, a polishing slurry is provided between the ceramic
component to undergo polishing and a machine tool, and a ceramic component and

the machine tool are moved relative to each other to effect material removal from a
surface of the ceramic component. Here, the machine tool may be moved relative to a

stationary ceramic component, the ceramic component may be moved relative to a

~Ceria: 01100 pafts by Weight =~~~ 7 o oo o
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stationary machine tool, or both the ceramic component and the machine tool may be

moved or translated; nevertheless, in all cases, the two components (ceramic
component and machine tool) are moved relative to each other even if one is held
stationary. The polishing slurry including a liquid medium and particulate abrasive
may be any one of the various slurry embodiments mentioned above. As to the
particular architecture of the polishing operation, any one of various polishing
apparatuses may be utilized, commonly available in the art. The machine tool may be
embodied as a polishing pad, a plurality of polishing pads, or a continuous belt, for
example. The machine tool is generally biased against the ceramic component with
the slurry provided there between. The machine tool may even be embodied as a
fixed abrasive, such as a coated abrasive or bonded abrasive, although typically the
machine tool is not itself an abrasive component, since slurries as disclosed herein
have a particularly engineered composite particulate abrasive structure as already

discussed in detail above.

The present inventors have discovered that according to various embodiments
of the present invention, particularly including a composite particulate abrasive as
detailed herein, provide desirable performance in terms of material removal rate and

surface finish. Various embodiments have demonstrated material removal rates not

—rns o ———— - — e —— — g —

' less than about 0.5 pm/hr, such as not less than about 1.0 pm/hr, and even not less

than 1.25 pm/hr. Indeed, specific polishing runs have provided a material removal
rate (MRR) of about 1.5 um/hr. In addition, desirable surface finishes have been
demonstrated according to embodiments of the present invention, having a surface
roughness rms not greater than 100 A, such as not greater than 50 A, 20 A, and even
not greater than 10 A. Indeed, polishing runs according to examples herein have

shown a surface roughness of about 4 to 5 A rms.

In contrast, comparative examples were created which did not contain all three
of a soft abrasive particulate component (e.g., ceria), a hard abrasive particulate
component (e.g., diamond), and colloidal silica. In each of these comparative
examples, material removal rates were quite low. For example, a slurry containing
diamond and colloidal silica, and a slurry containing ceria and colloidal silica were

found to have a material removal rate a full order of magnitude lower than examples
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according to embodiments herein, generally on the order of 0.2 pm/hr, under identical

processing conditions.

Without wishing to be tied to any particular theory, it is believed that the
colloidal silica as utilized herein has a negative charge on its surface, thereby causing
slight flocculation due to interaction with positively charged soft abrasive particles,
such as the ceria particles. The flocculation is believed to cause the formation of soft
agglomerates that contain a distribution (in a minor amount) of the hard abrasive
particles (e.g., diamond). It is believed that perhaps the diamond particles are
exposed along an outer surface of the agglomerates, the agglomerates combining the

properties of large soft particles (to reduce scratching) and hard particles (to achieve
high MRR).

As used herein, description of flocculation to form agglomerates is notably
distinct from formation of hard abrasive aggregates, such as those aggregates
disclosed in US 6.,081,483. Here, the term “agglomerate,” refers to weakly bonded
mass of particles, wherein each of the constituent species of particles is still
individually identifiable in the agglomerate and are not strongly bonded together, as

opposed to bonded aggregates, which aggregates are composed of covalently bonded

- particles typically formed through heat treatment,-and in which-one of the-species may- - - -

no longer be in particulate form (e.g., colloidal silica forming a non-particulate
bonding layer). According to embodiments herein, the colloidal silica generally
remains in particulate form, although the colloidal silica may be agglomerated with
the other species of the abrasive particulate in the slurry. Also, generally
embodiments are essentially free of aggregates that contain the hard species (e.g.,

diamond), the soft species (e.g., ceria) and the colloidal silica.
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Additional Examples

Turning to the Figs. 1-4, various slurries 11-42 were created and evaluated
under identical process conditions on a single crystal silicon carbide workpiece

mounted in a Strasbaugh 6CA polishing tool. A description of the slurries is provided
5  below in the Table.

Table

 Machine : Strashaugh 6CA |
Shurry | pH Description
CERIA ONLY
12 SILICA ONLY
13 |12 CERIA / SILICA
14 |12 CER /D / CS1
15 D/ CS1/50ct/L
CER / CS1
AI203 /D /CS2
- -
41 |9 pH9 CER-D CS1
42 |12 pH12 CER-D CS1

__I____ :

31 |12]  CER/D/CS1/std 0.00730

32 |12 CER / D/ CS1/50ct/L 0.00840

- 3_3 — .. - __..CEK__/_D_y _CS_l / 2501:/_[_,_ U I _0:00643 I

34 12 CER /D /CS1/100ct/L 0.00325

35 | 12 CER /D /CS1/ 100ct/L
CER /D/CS1/std
CER /D / no Silica / 25c¢t
CER / D/ NoGLYC /25c¢t 0.00833
CER /D /noTEA / 25ct 0.00830
CER /D /CS2/25ct 0.00513
9240 /D / CS2 0.00123

As used above, CER represents ceria, D represents diamond, CS1 1is a ﬁrst'
colloidal silica-based additive (provided in the form of a suspension), and CS2 1s a

10  second colloidal silica-based additive (also provided in the form of a suspension).

Fig. 1 shows that notable improvements in polishing rates can be achieved
through the combination of colloidal silica, a hard abrasive (in this case, diamond),

and a positively charged soft abrasive (in this case, ceria). Noteworthy, the polishing
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rates of the three component system were far in excess of polishing rates of slurries

having only one or two of the components, and Slurry 18 shows that a negatively
charged material such as alumina is not particularly effective as compared to use of a

positively charged material such as ceria.

Fig. 2 shows that the active ingredient in the silica-containing suspensions CS1
and CS2 is indeed the silica. See particularly Slurry 22, containing a silica-iree

suspension.

Fig. 3 shows that higher concentrations of diamond in the slurry were of limited

effectiveness.

Fig. 4 shows that higher pH improves polishing rates, with a notably superior

polishing rate at a pH of 12 as compared to pH of 9.

While embodiments of the invention have been illustrated and described with
particularity, the invention is not intended to be limited to the details shown, since
various modifications and substitutions can be made without departing in any way
from the scope of the present invention. For example, additional or equivalent

substituents can be provided and additional or equivalent production steps can be

~employed. As such, further modifications and equivalénts of the invention herein”

disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the scope of the invention as defined by the following claims.
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CLAIMS:

1. A polishing slurry comprising;

liquid medium; and

particulate abrasive comprising soft abrasive particles, hard abrasive particles,
and colloidal silica particles, wherein the soft abrasive particles have a Mohs
hardness of not greater than 8 and the hard abrasive particles have a Mohs
hardness of not less than 8, and wherein the soft abrasive particles and the hard

abrasive particles are present at a weight ratio of not less than 2:1.

2. The polishing slurry of claim 1, wherein soft abrasive particles have a

Mohs hardness not greater than 7.

3. The polishing slurry of claim 2, wherein soft abrasive particles have a

Mohs hardness not greater than 6.

4. The polishing slurry of claim 3, wherein the soft abrasive particles

comprise ceria.

5. The polishing slurry of claim 1,. wherem hard abrasive partlcles have a

Mohs hardness not less than 9.

6. The polishing slurry of claim 5, wherein hard abrasive particles have a
Mohs hardness of 10.

7. The polishing slurry of claim 6, wherein the hard abrasive particles

comprise diamond.

8. The polishing slurry of claim 1, wherein the soft abrasive particles and the

hard abrasive particles are present at a weight ratio of not less than 5:1.

9. The polishing slurry of claim 8, wherein the soft abrasive particles and the

hard abrasive particles are present at a weight ratio of not less than 10:1.

PCT/US2006/037823

— g ——— 0t —

—hin
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10. The polishing slurry of claim 9, wherein the soft abrasive particles and the

hard abrasive particles are present at a weight ratio of not less than 15:1.

11. The polishing slurry of claim 10, wherein the soft abrasive particles and

the hard abrasive particles are present at a weight ratio of not less than 20:1.

12. The polishing slurry of claim 1, wherein the particulate abrasive
comprises 50 to 95 wt% soft abrasive particles, 0.5 to 15 wt% hard abrasive
particles and 4.5 to 35 wt% colloidal silica.

13. The polishing slurry of claim 12, wherein the particulate abrasive
comprises 70 to 95 wt% soft abrasive particles, 0.5 to 15 wt% hard abrasive
particles and 4.5 to 29.5 wt% colloidal silica.

14. The polishing slurry of claim 13, wherein the particulate abrasive
comprises 75 to 95 wt% soft abrasive particles, 0.5 to 10 wt% hard abrasive
particles and 4.5 to 24.5 wt% colloidal silica.

15. The polishing slurry of claim 1, wherein the colloidal silica particles have

- — - Fibiicron BVerage paTticle e, T —— —— -
16. The polishing slurry of claim 15, wherein the average particle size of the

colloidal silica particles is within a range of about 3 to 200 nm.

17. The polishing slurry of claim 16, wherein the average particle size of the

colloidal silica particles is within a range of about 10 to 100 nm.

18. The polishing slurry of claim 17, wherein the average particle size of the

colloidal silica particles is within a range of about 10 to 75 nm.

19. The polishing slurry of claim 1, wherein the slurry is partially flocculated,
having agglomerates containing the soft abrasive, hard abrasive and colloidal

silica particles.

— —r ————— o= = — = .- - —— —— — v — ] — it — — > e e e e de e— s m—— e
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20. The polishing slurry of claim 1, wherein the slurry comprises between

about 2 and 35 wt% loading of the particulate abrasive.

21. The polishing slurry of claim 20, wherein the slurry comprises between

about 5 and 25 wt% loading of the particulate abrasive.

22. The polishing slurry of claim 1, wherein the hard abrasive particle"s have

an average particle size within a range of about 0.02 to 50 um.

23. The polishing slurry of claim 22, wherein the hard abrasive particles have

an average particle size within a range of about 0.05 to 10 pm.

24. The polishing slurry of claim 23, wherein the hard abrasive particles have

an average particle size within a range of about 0.05 to 1 pm.

25. The polishing slurry of claim 1, wherein the slurry is aqueous, the liquid

medium comprising water.

26. The polishing slurry of claim 1, wherein the liquid medium comprising an

- _Gi._gaﬁic,l_iqﬁid._ e e e e e e e e e e = W= i e = = = = e e e e = e = o i e e ek e e e e

27. The polishing slurry of claim 1, wherein the slurry is essentially free of
agglomerates containing the soft abrasive particles, the hard abrasive particles,

and the colloidal silica particies.

28. A polishing slurry comprising:

liquid medium; and

particulate abrasive comprising ceria particles, diamond particles, and
colloidal silica particles, wherein the ceria particles form not less than 50 wt%o

of the particulate abrasive.

29. The polishing slurry of claim 28, wherein the ceria particles and the

diamond particles are present at a weight ratio of not less than 2:1.
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30. The polishing slurry of claim 29 wherein the ceria particles and the

diamond particles are present at a weight ratio of not less than 5:1.

31. The polishing slurry of claim 30, wherein the ceria particles and the

diamond particles are present at a weight ratio of not less than 10:1.

32. The polishing slurry of claim 31, wherein the ceria particles and the

diamond particles are present at a weight ratio of not less than 15:1.

33. The polishing slurry of claim 32, wherein the ceria particles and the

diamond particles are present at a weight ratio of not less than 20:1.

34. The polishing slurry of claim 28, wherein colloidal silica i1s present in an

amount effective to at least partially flocculate the slurry.

35. The polishing slurry of claim 28, wherein the particulate abrasive
comprises 50 to 95 wt% ceria particles, 0.5 to 15 wt% diamond particles and
4.5 to 35 wt% colloidal silica.

— - ~-36.-— -The- polishing slurry—of claim—-35, -wherein- the particulate abrasive--
comprises 70 to 95 wt% ceria particles, 0.5 to 15 wt% diamond particles and
4.5 to 29.5 wt% colloidal silica.

37. The polishing slurry of claim 36, wherein the particulate abrasive
comprises 75 to 95 wt% ceria particles, 0.5 to 10 wt% diamond particles and
4.5 to 24.5 wt% colloidal silica

38. The polishing slurry of claim 28, wherein the colloidal silica particles

have a submicron average particle size.

39. The polishing slurry of claim 38, wherein the average particle size of the

colloidal silica particles 1s within a range of about 3 to 200 nm.

40. The polishing slurry of claim 39, wherein the average particle size of the

colloidal silica particles is within a range of about 10 to 100 nm.
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41. The polishing slurry of claim 40, wherein the average particle size of the

colloidal silica particles is within a range of about 10 to 75 nm.

42. The polishing slurry of claim 28, wherein the slurry is partially
flocculated, having agglomerates containing the ceria, diamond and colloidal

silica particles.

43. The polishing slurry of claim 28, wherein the slurry comprises between

about 2 and 35 wt% loading of the particulate abrasive.

44, The polishing slurry of claim 43, wherein the slurry comprises between

about 5 and 25 wt% loading of the particulate abrasive.

45. The polishing slurry of claim 28, wherein the diamond particles have an

average particle size within a range of about 0.02 to 50 pm.

46. The polishing slurry of claim 45, wherein the diamond particles have an

average particle size within a range of about 0.05 to 10 um.

average particle size within a range of about 0.05 to 1 pm.

48. The polishing slurry of claim 28, wherein the slurry is aqueous, the liquid

medium comprising water.

49. The polishing slurry of claim 28, wherein the liquid medium comprising

an organic liquid.

50. The polishing slurry of claim 28, wherein the polishing slurry is free of
agoregates containing the diamond particles, the ceria particles and the

colloidal silica particles.

51. A polishing slurry comprising:

liquid medium; and

47, The polishing slurry of claim 46, wherein thediamond particles have an-~ - -
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particulate abrasive comprising soft abrasive particles present in an amount of

x wt% of the particulate abrasive, hard abrasive particles present in an amount
of y wi% of the particulate abrasive, and colloidal silica particles present in an
amount of z wt% of the particulate abrasive, wherein the hard abrasive
particles have a Mohs hardness greater than the Mohs hardness of the soft

abrasive particles, and wherein x + z > 2y.

52. The polishing slurry of claim 51, wherein x +z > 3y.

53. The polishing slurry of claim 52, wherein x +z > Jy.

54. The polishing slurry of claim 53, wherein x + z > 8y.

55. The polishing slurry of claim 54, wherein x + z > 10y.

56. The polishing slurry of claim 55, wherein x +z > 12y.

57. The polishing slurry of claim 56, wherein x +z > 15y.

e 5 8_. .. Thepolisl‘lingslurryof C_laim_.5 75 Wherein X_—I—_Zzz()y__, S

59. A polishing slurry comprising:

liquid medium; and

particulate abrasive comprising soft abrasive particles, hard abrasive particles,
and colloidal silica particles, wherein the hard abrasive particles have a higher
Mohs than that of the soft abrasive particles, and wherein at least one of the
soft and hard abrasive particles have a positive surface charge thereby

flocculating with the colloidal silica particles.

60. A method of polishing a ceramic component, comprising:

providing a polishing slurry according to any one of claims 1-59 between the
ceramic component and a machine tool; and

moving the ceramic component and the machine tool relative to each other to

effect material removal from a surface of the ceramic component.
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61. The method of claim 60, wherein the ceramic component comprises a

hard ceramic material having a Mohs hardness of not less than 6, the hard

ceramic material forming at least said surface undergoing polishing.

62. The method of claim 61, wherein the hard ceramic material comprises

S1C.

63. The method of claim 60, wherein said surface has a surface roughness of

not greater than 100A rms after completion of polishing.

64. The method of claim 63, wherein said surface has a surface roughness of

not greater than 50A rms after completion of polishing.

65. The method of claim 64, wherein said surface has a surface roughness of

not greater than 20A rms after completion of polishing.

66. The method of claim 65, wherein said surface has a surface roughness of

not greater than 10A rms after completion of polishing.

-~ -~ —67--The-method of-claim 66, wherein-said surface-has-a-surface roughness ot—- -

not greater than 5A rms after completion of polishing.

68. The method of claim 60, wherein material is removed from the surface at

a rate of not less than 0.5 um/hr.

69. The method of claim 68, wherein material 1s removed from the surface at

a rate of not less than 1.0 um/hr.

70. The method of claim 69, wherein material is removed from the surface at

a rate of not less than 1.25 pm/hr.



PCT/US2006/037823

CA 02624246 2008-03-28
1/4

WO 2007/041199

I E
adA] Aung N "
jeAOwISy 21

i
8l 9l ¢y

} L
¢
!
!

7 00000°0
001000

00Z00°0
00£00°0
00%00°0
00500°0
00900°0
_ 004000
e e e — -1 008000

SWwielD jeAoOway
jeLIo)e N

iy -~ - @

Cagpphieptunlh o e W b pariburePanstviamnd o G g, sinasley duifeny. W Ay e W A APy e Pl ey Py % i sun  gumd gl by = At -

SUBSTITUTE SHEET (RULE 26)



CA 02624246 2008-03-28

WO 2007/041199 PCT/US2006/037823
2/4

26

25

24

SLURRY TYPE

23

22

21

0.00900
0.00800
0.00700
0.00400
0.00300

0.00600
0.00500
0.00200
0.00100
0.00000

aterial Removal
grams

S s Al ay iy Tl y——— — Sl g — . W% Am

SUBSTITUTE SHEET (RULE 26)



CA 02624246 2008-03-28

WO 2007/041199 PCT/US2006/037823
3/4

i
)

¥
ap

&
e
&4
<
.
&4

e —tad

Slurry Type
FIG. 3

32

31

L

0.00900
0.00800
0.00700
0.00600
0.00500
0.00400
0.00300
0.00200
0.00100
0.00000

Material
Removal grams

o Ty wming

SUBSTITUTE SHEET (RULE 26)



CA 02624246 2008-03-28

PCT/US2006/037823

WO 2007/041199

4/4

¥ Old

Hd Aunis

_ ey 1SS0 Q-¥3D TIHd S0 a-430 6Hd - HV

1 ,
N e
*

000000

001000

00000

00000
00v00°0 swelb

jeAO WS Y [euslely
005000

009000 .
00£00°0

SUBSTITUTE SHEET (RULE 26)



Material
Removal grams

0.00800
0.00700
0.00600
0.00500
0.00400
0.00300
0.00200
0.00100
0.00000

11

13

14

Removal
Slurry Type . "

17

18



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

