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METHOD AND APPARATUS FOR UNIFORMLY 
PLANARIZING A MICROELECTRONIC 

SUBSTRATE 

TECHNICAL FIELD 

[0001] The present invention relates to methods and appa 
ratuses for uniformly planariZing a microelectronic substrate 
using a chemical-mechanical planariZation process. 

BACKGROUND OF THE INVENTION 

[0002] Mechanical and chemical-mechanical planariZing 
processes (collectively “CMP”) are used in the manufacture 
of microelectronic devices to form a ?at surface on semi 
conductor Wafers, ?eld emission displays, and many other 
microelectronic substrates. FIG. 1 schematically illustrates 
a planariZing machine 10 With a table or platen 20, a carrier 
assembly 30 above the platen 20, a polishing pad 21 
positioned on the platen 20, and a planariZing ?uid 23 on the 
polishing pad 21. The planariZing machine 10 may also have 
an under-pad 25 attached to an upper surface 22 of the platen 
20 for supporting the polishing pad 21. In many planariZing 
machines, a platen drive assembly 26 rotates (arroW A) 
and/or reciprocates (arroW B) the platen 20 to move the 
polishing pad 21 during planariZation. 

[0003] The carrier assembly 30 controls and protects a 
substrate 80 during planariZation. The carrier assembly 30 
typically has a substrate holder 32 With a pad 34 that holds 
the substrate 80 via suction. A carrier drive assembly 36 
typically translates (arroW C) and/or rotates (arroW D) the 
substrate holder 32. Alternatively, the substrate holder 32 
may be a Weighted, free-?oating disk (not shoWn) that slides 
over the polishing pad 21. The combination of the polishing 
pad 21 and the planariZing ?uid 23 generally de?nes a 
planariZing medium 28 that mechanically and/or chemi 
cally-mechanically removes material from the surface of the 
substrate 80. The polishing pad 21 may be a conventional 
polishing pad composed of a polymeric material (e.g., 
polyurethane) Without abrasive particles, or it may be an 
abrasive polishing pad With abrasive particles ?xedly 
bonded to a suspension material. In a typical application, the 
planariZing ?uid 23 may be a CMP slurry With abrasive 
particles and chemicals for use With a conventional non 
abrasive polishing pad. In other applications, the planariZing 
?uid 23 may be a chemical solution Without abrasive par 
ticles for use With an abrasive polishing pad. 

[0004] To planariZe the substrate 80 With the planariZing 
machine 10, the carrier assembly 30 presses the substrate 80 
against a planariZing surface 24 of the polishing pad 21 in 
the presence of the planariZing ?uid 23. The platen 20 and/or 
the substrate holder 32 move relative to one another to 
translate the substrate 80 across the planariZing surface 24. 
As a result, the abrasive particles and/or the chemicals in the 
planariZing medium 28 remove material from the surface of 
the substrate 80. 

[0005] CMP processes must consistently and accurately 
produce a uniform planar surface on the substrate to enable 
precise fabrication of circuits and photo-patterns. Prior to 
being planariZed, many substrates have large “step heights” 
that create a highly topographic surface across the substrate. 
Yet, as the density of integrated circuits increases, it is 
necessary to have a planar substrate surface at several stages 
of substrate processing because non-uniform substrate sur 

May 3, 2001 

faces signi?cantly increase the difficulty of forming sub 
micron features or photo-patterns to Within the tolerance of 
approximately 0.1 microns. Thus, CMP processes must 
typically transform a highly topographical substrate surface 
into a highly uniform, planar substrate surface (e.g., a 
“blanket surface”). 

[0006] In one conventional apparatus for planariZing 
microelectronic substrates, the polishing pad 21 includes a 
relatively soft polyurethane material. For eXample, the pol 
ishing pad 21 can be a model number IC1000, manufactured 
by Rodel, Inc. of NeWark, Del., and described in US. Pat. 
No. 5,489,233 to Cook et al. The polishing pad 21 can 
include surface features to increase the polishing rate, as 
described in Cook et al. and US. Pat. No. 5,177,908 to 
Tuttle. One draWback With the polishing pads described 
above is that they may tend to conform to the surface of the 
substrate 80 and may therefore not planariZe the substrate 
surface uniformly. One approach to addressing this draW 
back is to increase the hardness and elastic modulus of the 
polishing pad. For eXample, model number OXP3000 poly 
urethane polishing pads, having a hardness and elastic 
modulus greater than the corresponding hardness and elastic 
modulus of the IC1000 polishing pad, are available from 
Rodel, Inc. 

[0007] In another conventional apparatus for planariZing 
substrates, the planariZing liquid 23 used With relatively soft 
polishing pads can include a suspension of abrasive fumed 
silica aggregates 27, such as are shoWn in FIG. 2. For 
eXample, model number ILD1300 planariZing liquids having 
a suspension of fumed silica aggregates 27 such as those 
shoWn in FIG. 2, are available from Rodel, Inc. The fumed 
silica aggregates 27 can be formed by reacting SiCl4 and/or 
SiHXCly With oXygen in a burning process to form SiO2 
particles. As the SiO2 particles cool, they collide and adhere 
to each other, forming the three-dimensional aggregates 27 
having a fractal con?guration and a relatively large surface 
area. 

[0008] One problem With the fumed silica aggregates 27 is 
that they can scratch or otherWise damage the substrate 80 
as a result of their rough, three-dimensional shapes. One 
approach for addressing this problem has been to form 
abrasive particles having less surface area and less rough 
ness than the silica aggregates 27. For eXample, planariZing 
liquids having spherical abrasive particles are available from 
Rodel, Inc. under the trade name Klebosol. 

[0009] One problem With the planariZing solutions having 
spherical abrasive particles occurs When they are used With 
relatively soft polishing pads and/or With polishing pads 
having a porous planariZing surface. The combination of 
relatively soft polishing pads and planariZing liquids With 
spherical particles may not uniformly planariZe the surfaces 
of microelectronic substrates because the polishing pads 
may conform to the surface of the substrate, as discussed 
above. The porous polishing pad may not planariZe the 
substrate at an acceptable rate because the pores reduce the 
surface area of the polishing pad that contacts the substrate. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed toWard methods 
and apparatuses for uniformly removing material from a 
microelectronic substrate during planariZation. In one aspect 
of the invention, the apparatus can include a planariZing 
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medium having a polishing pad With a generally non-porous 
planariZing surface and a planariZing liquid. The polishing 
pad can have a Shore D hardness in the range of approxi 
mately 58 to approximately 70 and/or can have a modulus of 
elasticity in the range of approximately 5.0><108 pascals to 
approximately 1.5><109 pascals. The planariZing liquid can 
include colloidal particles having a generally smooth exter 
nal surface and being dispersed in the planariZing liquid to 
form a colloidal suspension. 

[0011] In one aspect of the invention, the colloidal par 
ticles can have a generally spherical shape. In another aspect 
of the invention, the colloidal particles can have other shapes 
With smooth external surfaces, such as a cylindrical shape, 
a generally cubic shape, a generally hexagonal shape, or 
other closed polyhedrons. The colloidal particles can be 
formed from silicon dioxide, manganese oxide and/or 
cerium oxide and/or can have a surface area that is less than 
the surface area of a fumed silica aggregate of approxi 
mately the same overall siZe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a partial cross-sectional elevation vieW of 
a chemical-mechanical planariZation machine in accordance 
With the prior art. 

[0013] FIG. 2 is an isometric vieW of fumed silica aggre 
gates in accordance With the prior art. 

[0014] FIG. 3 is a partial cross-sectional elevation vieW of 
a chemical-mechanical planariZation machine having a pla 
nariZing liquid With smooth-surfaced particles in accordance 
With an embodiment of the present invention. 

[0015] FIG. 4A is a detailed isometric vieW of one of the 
particles shoWn in FIG. 3 having a spherical shape in 
accordance With one embodiment of the invention. 

[0016] FIG. 4B is a detailed isometric vieW of one of the 
particles shoWn in FIG. 3 having a cylindrical shape in 
accordance With another embodiment of the invention. 

[0017] FIG. 4C is an isometric vieW of one of the particles 
shoWn in FIG. 3 having a cubic shape in accordance With 
still another embodiment of the invention. 

[0018] FIG. 4D is an isometric vieW of one of the particles 
shoWn in FIG. 3 having an elongated rectangular shape in 
accordance With yet another embodiment of the invention. 

[0019] FIG. 4E is an isometric vieW of one of the particles 
shoWn in FIG. 3 having a hexagonal shape in accordance 
With yet another embodiment of the invention. 

[0020] FIG. 4F is an isometric vieW of one of the particles 
shoWn in FIG. 3 having a triangular cross-sectional shape in 
accordance With still another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The present invention is directed toWard methods 
and apparatuses for planariZing a microelectronic substrate. 
The apparatus can include a relatively hard polishing pad in 
combination With a planariZing liquid having a colloidal 
suspension of smooth-surfaced particles. Many speci?c 
details of certain embodiments of the invention are set forth 
in the folloWing description and in FIGS. 3-5B to provide a 
thorough understanding of such embodiments. One skilled 
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in the art, hoWever, Will understand that the present inven 
tion may have additional embodiments and that they may be 
practiced Without several of the details described in the 
folloWing description. 

[0022] FIG. 3 illustrates a CMP machine 110 having a 
platen 120 and a planariZing medium 128. In the embodi 
ment shoWn in FIG. 3, the planariZing medium 128 includes 
a polishing pad 121 releasably attached to the platen 120, 
and a planariZing liquid 123 disposed on a planariZing 
surface 124 of the polishing pad 121. The platen 120 can be 
movable by means of a platen drive assembly 126 that can 
impart rotational motion (indicated by arroW A) and/or 
translational motion (indicated by arroW B) to the platen 
120. As Was discussed above, the CMP machine 110 can also 
include a carrier assembly 130 having a substrate holder 132 
and a resilient pad 134 that together press a microelectronic 
substrate 180 against the planariZing surface 124 of the 
polishing pad 121. A carrier drive assembly 136 can be 
coupled to the carrier assembly 130 to move the carrier 
assembly axially (indicated by arroW C) and/or rotationally 
(indicated by arroW D) relative to the platen 120. 

[0023] In one embodiment, the polishing pad 121 can be 
relatively hard and have a relatively high modulus of elas 
ticity. For example, the polishing pad 121 can include a 
polyurethane material and can have a hardness, measured on 
the Shore D hardness scale, of betWeen 58 and 70. In a 
further aspect of this embodiment, the polishing pad 121 can 
have a Shore D hardness of approximately 60. The polishing 
pad 1281 can also have a modulus of elasticity of betWeen 
5.0><10 pascals (7.3><104 psi) and 1.5><109 pascals (2.2><105 
psi). In a further aspect of this embodiment, the modulus of 
elasticity can be approximately 1.0><109 pascals (15x105 
psi). In still a further aspect of this embodiment, the pol 
ishing pad 121 can have a generally non-porous planariZing 
surface 124. In one embodiment, the polishing pad 121 can 
be a model number OXP3000 polishing pad available from 
Rodel, Inc. of NeWark, Del., formed from generally non 
porous polyurethane and having a hardness and a modulus 
of elasticity Within the ranges identi?ed above. In other 
embodiments, other polishing pads 121 from other sources 
can include materials other than polyurethane and can have 
a hardness and/or a modulus of elasticity outside the ranges 
identi?ed above, so long as the polishing pads 121 are 
suf?ciently rigid to uniformly planariZe the microelectronic 
substrate 180. 

[0024] The planariZing liquid 123 atop the polishing pad 
121 can include a liquid medium 129 having a suspension of 
colloidal particles 127. For example, in one embodiment, the 
liquid medium 129 can include Water and ammonia or other 
alkaline substances and can have a pH of approximately 11. 
In another embodiment, the liquid medium 129 can include 
acidic substances and can have a pH of approximately 2.6. 

[0025] The colloidal particles 127 can have a variety of 
siZes, shapes and compositions. For example, in one 
embodiment, the colloidal particles 127 can be spherical and 
can have a diameter of betWeen 10 nanometers and 300 
nanometers. In one aspect of this embodiment, the colloidal 
particles 127 can have a diameter of betWeen approximately 
30 nanometers and approximately 70 nanometers. In a 
further aspect of this embodiment, the colloidal particles 127 
can have a diameter of approximately 50 nanometers, 
slightly less than the overall siZe of the fumed silica aggre 
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gates 27 shown in FIG. 2. In other embodiments, the 
colloidal particles 127 can have other siZes, so long as they 
are small enough to remain suspended in the liquid medium 
129. PlanariZing liquids having liquid media 129 and col 
loidal particles 127 Within the ranges identi?ed above are 
available from Rodel, Inc. under the trade name Klebosol. 

[0026] In one embodiment, the colloidal particles 127 can 
include silicon-based molecules, such as silicon dioxide. In 
other embodiments, the colloidal particles 127 can include 
aluminum oxide, manganese oxide and/or cerium oxide, so 
long as the colloidal particles 127 have a relatively small 
surface area, as Will be discussed in greater detail beloW With 
reference to FIGS. 4A-4F. 

[0027] FIG. 4A is an enlarged isometric vieW of one of the 
colloidal particles 127 shoWn in FIG. 3, having a generally 
spherical overall shape in accordance With an embodiment 
of the invention. As shoWn in FIG. 4A, the colloidal particle 
127 has a smooth external surface. Accordingly, the surface 
area of the colloidal particle 127 shoWn in FIG. 4A is 
signi?cantly less than the surface area of a fused aggregate 
having approximately the same overall dimensions, for 
example, the fused silica aggregates 27 shoWn in FIG. 2. 

[0028] In other embodiments, the colloidal particle 127 
can have other shapes that similarly have smooth external 
surfaces With relatively loW total surface area. The surfaces 
can be generally ?at or convex, as opposed to concave, 
and/or can be generally free of convolutions. For example, 
the planariZing liquid 123 shoWn in FIG. 3 can include 
generally cylindrical colloidal particles 127b as shoWn in 
FIG. 4B, generally cubic colloidal particles 127c as shoWn 
in FIG. 4C, and/or generally rectangular colloidal particles 
127d as shoWn in FIG. 4D. In still further embodiments, the 
planariZing liquid 123 shoWn in FIG. 3 can include colloidal 
particles 1276 having a generally hexagonal shape as shoWn 
in FIG. 4E, and/or colloidal particles 127f having a gener 
ally triangular cross-sectional shape as shoWn in FIG. 4F. In 
still further embodiments, the colloidal particles 127 can 
have other closed polyhedral shapes, so long as the colloidal 
particles have generally smooth exterior surfaces With a 
relatively loW surface area. The shapes of speci?c colloidal 
particles 127 can depend on the material properties of the 
particles, the manufacturing processes used to form the 
particles, and other variables. For example, the colloidal 
particles 127 can be formed in-situ by “groWing” the col 
loidal particles 127 in solution. Alternatively, the colloidal 
particles 127 can be formed ex-situ, using a process such as 
pyrolysis, ablation, vapor phase condensation, grinding or 
milling, and can then be added to a liquid solution. In any 
case, the overall length or diameter of the particles shoWn in 
FIGS. 4A-4F can be Within the ranges discussed above With 
reference to FIG. 3. 

[0029] An advantage of the combination of the hard 
polishing pad 121 and the smooth-surfaced colloidal par 
ticles 127 shoWn in FIGS. 3-4F is that together they can 
uniformly planariZe the microelectronic substrate 180 With 
out scratching or otherWise damaging the surface of the 
substrate 180. For example, it has been observed in some 
cases that planariZing With the hard polishing pad 121 
together With the smooth-surfaced colloidal particles 127 
can produce a surface ?nish on the substrate 180 that is 
smoother than that obtained by planariZing With a hard 
polishing pad in combination With fumed silica aggregates. 
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It is believed that this effect may result because the smooth 
surfaced colloidal particles 127 may have a lesser tendency 
than the silica aggregates to gel or otherWise form agglom 
erations. 

[0030] Afurther advantage of the combination of the hard 
polishing pad 121 and the smooth-surfaced colloidal par 
ticles 127 is that they can reduce the potential for scratching 
the microelectronic substrate 180 during planariZation. It is 
believed that scratches in the microelectronic substrate 180 
may be caused by the rough surfaces of the fumed silica 
aggregates 27 (FIG. 2) and/or by large agglomerations of 
the aggregates 27 that become caught betWeen the micro 
electronic substrate 180 and the polishing pad 121 (FIG. 3). 
The colloidal particles 127 may reduce the likelihood of 
damaging the microelectronic substrate 180 because indi 
vidual colloidal particles 127 have smooth surfaces that tend 
not to scratch the surface of the microelectronic substrate. 
Furthermore, the colloidal particles 127 may be less likely to 
form agglomerations because they do not have fractal shapes 
that tend to link together. 

[0031] Still another advantage is that, by reducing the 
likelihood for forming scratches on the microelectronic 
substrate 180, the combination of the hard polishing pad 121 
and the smooth-surfaced colloidal particles 127 may also 
reduce the likelihood for forming cracks in the microelec 
tronic substrate 180. Such cracks can damage structures of 
the microelectronic substrate 180, and can also create chan 
nels through Which chemicals, such as those used during 
CMP processing, can damage structures beneath the surface 
of the microelectronic substrate 180. 

[0032] Yet another advantage of an embodiment having a 
polishing pad 121 With a non-porous planariZing surface 124 
is that the combination of such a polishing pad With the 
smooth-surfaced colloidal particles can increase the rate at 
Which the microelectronic substrate 180 is planariZed While 
reducing the likelihood of scratching or otherWise damaging 
the microelectronic substrate 180. Such a combination may 
be particularly advantageous When compared With a porous 
polishing pad such as an ESM polishing pad, available from 
James H. Rhodes and Co. of Franklin Springs, NY. Such 
porous polishing pads have a reduced surface area in contact 
With the microelectronic substrate 180 and accordingly can 
have a sloWer planariZation rate. 

[0033] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 

1. A planariZing medium for removing material from a 
surface of a microelectronic substrate, comprising: 

a polishing pad having a Shore D hardness of at least 
approximately 58, the polishing pad further having a 
generally non-porous planariZing surface for removing 
material from the surface of the microelectronic sub 
strate; and 

a planariZing liquid on the planariZing surface of the 
polishing pad, the planariZing liquid having colloidal 
particles dispersed therein to form a colloidal suspen 
sion, the colloidal particles having a generally smooth 
external surface. 
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2. The planariZing medium of claim 1 wherein the pol 
ishing pad has a hardness in the range of approximately 58 
to approximately 70. 

3. The planariZing medium of claim 1 Wherein the pol 
ishing pad has a Shore D hardness of approximately 60. 

4. The planariZing medium of claim 1 Wherein a material 
comprising the polishing pad includes polyurethane. 

5. The planariZing, medium of claim 1 Wherein a material 
comprising the polishing pad has a modulus of elasticity in 
the range of approximately 5.0><108 pascals to approxi 
mately 1.5><109 pascals. 

6. The planariZing medium of claim 1 Wherein a material 
comprising the polishing pad has a modulus of elasticity of 
approximately 1.0><109 pascals. 

7. The planariZing medium of claim 1 Wherein the col 
loidal particles include a material selected from aluminum 
oxide, silicon dioxide, manganese oxide and cerium oxide. 

8. The planariZation medium of claim 1 Wherein the 
colloidal particles have a shape that is generally a closed 
polyhedron and surfaces of the colloidal particles are non 
concave. 

9. The planariZing medium of claim 1 Wherein the col 
loidal particles have a shape selected from generally spheri 
cal, generally cylindrical, generally cubic, and generally 
hexagonal. 

10. The planariZing medium of claim 1 Wherein the 
colloidal particles have a cross-sectional shape selected from 
generally circular, generally rectangular and generally tri 
angular. 

11. The planariZing medium of claim 1 Wherein the 
colloidal particles have a length in the range of approxi 
mately 10 nanometers to approximately 300 nanometers. 

12. The planariZing medium of claim 1 Wherein the 
colloidal particles have a length in the range of approxi 
mately 30 nanometers to approximately 70 nanometers. 

13. The planariZing medium of claim 1 Wherein the 
colloidal particles have a length of approximately 50 nanom 
eters. 

14. The planariZing medium of claim 1 Wherein the 
colloidal particles have a diameter in the range of approxi 
mately 10 nanometers to approximately 300 nanometers. 

15. The planariZing medium of claim 1 Wherein the 
colloidal particles have surface areas that are less than the 
surface area of a fumed silica aggregate of approximately 
the same overall siZe. 

16. The planariZing medium of claim 1 Wherein the 
planariZing liquid includes ammonia. 

17. The planariZing medium of claim 1 Wherein the 
colloidal particles are formed Within the planariZing liquid. 

18. The planariZing medium of claim 1 Wherein the 
colloidal particles are formed external to the planariZing 
liquid and are added to the planariZing liquid. 

19. A planariZing medium for removing material from a 
surface of a microelectronic substrate, comprising: 

a polishing pad having a modulus of elasticity of at least 
approximately 5.0><108 pascals, the polishing pad fur 
ther having a generally non-porous planariZing surface 
for removing material from the surface of the micro 
electronic substrate; and 

a planariZing liquid on the planariZing surface of the 
polishing pad, the planariZing liquid having colloidal 
particles dispersed therein to form a colloidal suspen 
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sion, the colloidal particles having a generally smooth 
external surface Without gaps. 

20. The planariZing medium of claim 19 Wherein the 
polishing pad has a modulus of elasticity in the range of 
approximately 5.0><108 pascals to approximately 1.5><109 
pascals. 

21. The planariZing medium of claim 19 Wherein the 
polishing pad has a Shore D hardness in the range of 
approximately 58 to approximately 70. 

22. The planariZing medium of claim 19 Wherein the 
polishing pad has a Shore D hardness of approximately 60. 

23. The planariZing medium of claim 19 Wherein a 
material comprising the polishing pad includes polyure 
thane. 

24. The planariZing medium of claim 19 Wherein a 
material comprising the polishing pad has a modulus of 
elasticity of approximately 1.0><109 pascals. 

25. The planariZing medium of claim 19 Wherein the 
colloidal particles include a material selected from alumi 
num oxide, silicon dioxide, manganese oxide and cerium 
oxide. 

26. The planariZing medium of claim 19 Wherein the 
colloidal particles have a shape selected from generally 
spherical, generally cylindrical, generally cubic, and gener 
ally hexagonal. 

27. The planariZing medium of claim 19 Wherein the 
colloidal particles have a cross-sectional shape selected from 
generally circular, generally rectangular and generally tri 
angular. 

28. The planariZing medium of claim 19 Wherein the 
colloidal particles have a mean diameter in the range of 
approximately 10 nanometers to approximately 300 nanom 
eters. 

29. The planariZing medium of claim 19 Wherein the 
colloidal particles have a mean diameter in the range of 
approximately 30 nanometers to approximately 70 nanom 
eters. 

30. The planariZing medium of claim 19 Wherein the 
colloidal particles have a mean diameter of approximately 
50 nanometers. 

31. The planariZing medium of claim 19 Wherein the 
colloidal particles have a length in the range of approxi 
mately 10 nanometers to approximately 300 nanometers. 

32. The planariZing medium of claim 19 Wherein the 
colloidal particles have surface areas that are less than the 
surface area of a fumed silica aggregate of approximately 
the same overall siZe. 

33. The planariZing medium of claim 19 Wherein the 
planariZing liquid includes ammonia. 

34. A method for removing material from a surface of a 
microelectronic substrate, comprising: 

engaging the surface of the microelectronic substrate With 
a planariZing medium that includes a planariZing liquid 
having colloidal particles With generally smooth exter 
nal surfaces, the planariZing medium further including 
a polishing pad having a Shore D hardness of at least 
approximately 58 and a generally non-porous planariZ 
ing surface; and 

moving at least one of the microelectronic substrate and 
the planariZing medium relative to the other of the 
microelectronic substrate and the planariZing medium 
to remove material from the surface of the microelec 
tronic substrate. 
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35. The method of claim 34 wherein engaging the surface 
of the microelectronic substrate includes interposing the 
colloidal particles betWeen the surface of the microelec 
tronic substrate and a planariZing surface of the polishing 
pad. 

36. The method of claim 34, further comprising selecting 
the Shore D hardness of the polishing pad to be in the range 
of approximately 58 to approximately 70. 

37. The method of claim 34, further comprising selecting 
the Shore D hardness of the polishing pad to be approxi 
mately 60. 

38. The method of claim 34, further comprising selecting 
a material comprising the polishing pad to include polyure 
thane. 

39. The method of claim 34, further comprising selecting 
a material comprising the polishing pad to have a modulus 
of elasticity in the range of approximately 5.0><108 pascals to 
approximately 15x109 pascals. 

40. The method of claim 34, further comprising selecting 
a material comprising the polishing pad to have a modulus 
of elasticity of approximately 1.0x 109 pascals. 

41. The method of claim 34, further comprising selecting 
a material comprising the colloidal particles from aluminum 
oxide, silicon dioxide, manganese oxide and cerium oxide. 

42. The method of claim 34, further comprising selecting 
a shape of the colloidal particles to be a closed polyhedron 
With non-concave surfaces. 

43. The method of claim 34, further comprising selecting 
a shape of the colloidal particles from a generally spherical 
shape, a generally cylindrical shape, a generally cubic shape, 
and a generally hexagonal shape. 

44. The method of claim 34, further comprising selecting 
a cross-sectional shape of the colloidal particles from gen 
erally circular, generally rectangular and generally triangu 
lar. 

45. The method of claim 34, further comprising selecting 
the colloidal particles to have a length in the range of 
approximately 10 nanometers to approximately 300 nanom 
eters. 

46. The method of claim 34, further comprising selecting 
the colloidal particles to have a length in the range of 
approximately 30 nanometers to approximately 70 nanom 
eters. 

47. The method of claim 34, further comprising selecting 
the colloidal particles to have a length of approximately 50 
nanometers. 

48. The method of claim 34, further comprising selecting 
particles of the colloid to have a diameter in the range of 
approximately 10 nanometers to approximately 300 nanom 
eters. 

49. The method of claim 34, further comprising selecting 
the colloidal particles to have a surface area less than a 
surface area of a fumed silica aggregate having approxi 
mately the same overall siZe. 

50. A method for removing material from a surface of a 
microelectronic substrate, comprising: 

engaging the surface of the microelectronic substrate With 
a planariZing medium that includes a planariZing liquid 
having colloidal particles With generally smooth exter 
nal surfaces, the planariZing medium further including 
a polishing pad having a generally non-porous planariZ 
ing surface and a modulus of elasticity of at least 
approximately 5.0><108 pascals; and 
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moving at least one of the microelectronic substrate and 
the planariZing medium relative to the other of the 
microelectronic substrate and the planariZing medium 
to remove material from the surface of the microelec 
tronic substrate. 

51. The method of claim 50 Wherein engaging the surface 
of the microelectronic substrate includes interposing the 
colloidal particles betWeen the surface of the microelec 
tronic substrate and a planariZing surface of the polishing 
pad. 

52. The method of claim 50, further comprising selecting 
a Shore D hardness of the polishing pad to be in the range 
of approximately 58 to approximately 70. 

53. The method of claim 50, further comprising selecting 
a Shore D hardness of the polishing pad to be approximately 
60. 

54. The method of claim 50, further comprising selecting 
a material comprising the polishing pad to include polyure 
thane. 

55. The method of claim 50, further comprising selecting 
a material comprising the polishing pad to have a modulus 
of elasticity in the range of approximately 5.0><108 pascals to 
approximately 15x109 pascals. 

56. The method of claim 50, further comprising selecting 
a material comprising the polishing pad to have a modulus 
of elasticity of approximately 1.0><109 pascals. 

57. The method of claim 50, further comprising selecting 
a material comprising the colloidal particles from aluminum 
oxide silicon dioxide, manganese oxide and cerium oxide. 

58. The method of claim 50, further comprising selecting 
a shape of particles of the colloid from a generally spherical 
shape, a generally cylindrical shape, a generally cubic shape, 
and a generally hexagonal shape. 

59. The method of claim 50, further comprising selecting 
the colloidal particles to have a diameter in the range of 
approximately 10 nanometers to approximately 300 nanom 
eters. 

60. The method of claim 50, further comprising selecting 
the colloidal particles to have a diameter in the range of 
approximately 30 nanometers to approximately 70 nanom 
eters. 

61. The method of claim 50, further comprising selecting 
the colloidal particles to have a diameter of approximately 
50 nanometers. 

62. The method of claim 50, further comprising selecting 
the colloidal particles to have a surface area less than a 
surface area of a fumed silica aggregate having approxi 
mately the same overall siZe. 

63. A method for removing material from a surface of a 
microelectronic substrate, comprising: 

selecting a polishing pad to have a generally non-porous 
planariZing surface and at least one of a modulus of 
elasticity in the range of approximately 5.0x 108 pas 
cals to approximately 15x109 pascals and a Shore D 
hardness in the range of approximately 58 to approxi 
mately 70; 

selecting a planariZing liquid to include a colloid having 
colloidal particles With generally smooth external sur 
faces; 

disposing the planariZing liquid and the colloidal particles 
on a planariZing surface of the polishing pad; 
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engaging the surface of the microelectronic substrate With 
the planariZing liquid and the planariZing surface of the 
polishing pad; and 

moving at least one of the microelectronic substrate and 
the polishing pad relative to the other of the microelec 
tronic substrate and the polishing pad to remove mate 
rial from the surface of the microelectronic substrate. 

64. The method of claim 63 Wherein engaging the surface 
of the microelectronic substrate includes interposing the 
colloidal particles betWeen the surface of the microelec 
tronic substrate and a planariZing surface of the polishing 
pad. 

65. The method of claim 63 Wherein selecting the pol 
ishing pad includes selecting a Shore D hardness of the 
polishing pad to be approximately 60. 

66. The method of claim 63 Wherein selecting the pol 
ishing pad includes selecting a material comprising the 
polishing pad to have a modulus of elasticity of approxi 
mately 1.0><109 pascals. 

67. The method of claim 63 Wherein selecting the pol 
ishing pad includes selecting a material comprising the 
polishing pad to include polyurethane. 

68. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting a material comprising the 
colloidal particles from aluminum oxide silicon dioxide, 
manganese oxide and cerium oxide. 

69. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting a shape of the colloidal 
particles from a generally spherical shape, a generally cylin 
drical shape, a generally cubic shape, and a generally 
hexagonal shape. 

70. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a length in the range of approximately 10 nanometers 
to approximately 300 nanometers. 

71. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a length of approximately 50 nanometers. 

72. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting particles of the colloid to 
have a diameter of approximately 50 nanometers. 
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73. The method of claim 63 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a surface area less than a surface area of a fumed silica 
aggregate having approximately the same overall siZe. 

74. A method for removing material from a surface of a 
microelectronic substrate, comprising: 

selecting a polishing pad to include a polyurethane mate 
rial having a generally non-porous planariZing surface, 
a modulus of elasticity of approximately 1.0 ><109 
pascals, and a Shore D hardness of approximately 60; 

selecting a planariZing liquid to include a colloid having 
generally spherically shaped silicon dioxide colloidal 
particles With generally smooth external surfaces; 

disposing the planariZing liquid and colloidal particles on 
a planariZing surface of the polishing pad; 

engaging the surface of the microelectronic substrate With 
the planariZing liquid and the planariZing surface of the 
polishing pad; and 

moving at least one of the microelectronic substrate and 
the polishing pad relative to the other of the microelec 
tronic substrate and the polishing pad to remove mate 
rial from the surface of the microelectronic substrate. 

75. The method of claim 74 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a diameter in the range of approximately 10 nanom 
eters to approximately 300 nanometers. 

76. The method of claim 74 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a diameter of approximately 50 nanometers. 

77. The method of claim 74 Wherein selecting the pla 
nariZing liquid includes selecting the colloidal particles to 
have a surface area less than a surface area of a fumed silica 
aggregate having approximately the same overall siZe. 

78. The method of claim 74, further comprising forming 
the colloidal particles external to the planariZing liquid and 
combining the colloidal particles With the planariZing liquid. 

* * * * * 


