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(57) ABSTRACT 

The invention provides polishing pads for chemical-me 
chanical polishing comprising a porous foam and a method 
for their production. In one embodiment, the porous foam 
has an average pore siZe of about 50 pm or less, Wherein 
about 75% or more of the pores have a pore siZe Within about 

20 pm or less of the average pore siZe. In another embodi 

ment, porous foam has an average pore siZe of about 20 pm 
or less. In yet another embodiment, the porous foam has a 
multi-modal pore siZe distribution. The method of produc 
tion comprises (a) combining a polymer resin With a super 
critical gas to produce a single-phase solution and (b) 
forming a polishing pad from the single-phase solution, 
Wherein the supercritical gas is generated by subjecting a gas 
to an elevated temperature and pressure. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 8a 
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MICROPOROUS POLISHING PADS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This patent application is a divisional of copending 
US. patent application Ser. No. 10/281,782, ?led Oct. 28, 
2002. This patent application claims the bene?t of US. 
Provisional Patent Application No. 60/382,739, ?led May 
23, 2002. 

FIELD OF THE INVENTION 

[0002] This invention pertains to polishing pads for 
chemical-mechanical polishing comprising a porous foam 
having a uniform pore siZe distribution. 

BACKGROUND OF THE INVENTION 

[0003] Chemical-mechanical polishing (“CMP”) pro 
cesses are used in the manufacturing of microelectronic 
devices to form ?at surfaces on semiconductor Wafers, ?eld 
emission displays, and many other microelectronic sub 
strates. For eXample, the manufacture of semiconductor 
devices generally involves the formation of various process 
layers, selective removal or patterning of portions of those 
layers, and deposition of yet additional process layers above 
the surface of a semiconducting substrate to form a semi 
conductor Wafer. The process layers can include, by Way of 
eXample, insulation layers, gate oXide layers, conductive 
layers, and layers of metal or glass, etc. It is generally 
desirable in certain steps of the Wafer process that the 
uppermost surface of the process layers be planar, i.e., ?at, 
for the deposition of subsequent layers. CMP is used to 
planariZe process layers Wherein a deposited material, such 
as a conductive or insulating material, is polished to pla 
nariZe the Wafer for subsequent process steps. 

[0004] In a typical CMP process, a Wafer is mounted 
upside doWn on a carrier in a CMP tool. A force pushes the 
carrier and the Wafer doWnWard toWard a polishing pad. The 
carrier and the Wafer are rotated above the rotating polishing 
pad on the CMP tool’s polishing table. Apolishing compo 
sition (also referred to as a polishing slurry) generally is 
introduced betWeen the rotating Wafer and the rotating 
polishing pad during the polishing process. The polishing 
composition typically contains a chemical that interacts With 
or dissolves portions of the uppermost Wafer layer(s) and an 
abrasive material that physically removes portions of the 
layer(s). The Wafer and the polishing pad can be rotated in 
the same direction or in opposite directions, Whichever is 
desirable for the particular polishing process being carried 
out. The carrier also can oscillate across the polishing pad on 
the polishing table. 

[0005] Polishing pads used in chemical-mechanical pol 
ishing processes are manufactured using both soft and rigid 
pad materials, Which include polymer-impregnated fabrics, 
microporous ?lms, cellular polymer foams, non-porous 
polymer sheets, and sintered thermoplastic particles. A pad 
containing a polyurethane resin impregnated into a polyester 
non-Woven fabric is illustrative of a polymer-impregnated 
fabric polishing pad. Microporous polishing pads include 
microporous urethane ?lms coated onto a base material, 
Which is often an impregnated fabric pad. These polishing 
pads are closed cell, porous ?lms. Cellular polymer foam 
polishing pads contain a closed cell structure that is ran 
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domly and uniformly distributed in all three dimensions. 
Non-porous polymer sheet polishing pads include a polish 
ing surface made from solid polymer sheets, Which have no 
intrinsic ability to transport slurry particles (see, for 
example, US. Pat. No. 5,489,233). These solid polishing 
pads are externally modi?ed With large and/or small grooves 
that are cut into the surface of the pad purportedly to provide 
channels for the passage of slurry during chemical-mechani 
cal polishing. Such a non-porous polymer polishing pad is 
disclosed in US. Pat. No. 6,203,407, Wherein the polishing 
surface of the polishing pad comprises grooves that are 
oriented in such a Way that purportedly improves selectivity 
in the chemical-mechanical polishing. Also in a similar 
fashion, US. Pat. Nos. 6,022,268, 6,217,434, and 6,287,185 
disclose hydrophilic polishing pads With no intrinsic ability 
to absorb or transport slurry particles. The polishing surface 
purportedly has a random surface topography including 
microaspersities that have a dimension of 10 pm or less and 
formed by solidifying the polishing surface and macro 
defects (or macroteXture) that have a dimension of 25 pm or 
greater and formed by cutting. Sintered polishing pads 
comprising a porous open-celled structure can be prepared 
from thermoplastic polymer resins. For example, US. Pat. 
Nos. 6,062,968 and 6,126,532 disclose polishing pads With 
open-celled, microporous substrates, produced by sintering 
thermoplastic resins. The resulting polishing pads preferably 
have a void volume betWeen 25 and 50% and a density of 0.7 
to 0.9 g/cm3. Similarly, US. Pat. Nos. 6,017,265, 6,106,754, 
and 6,231,434 disclose polishing pads With uniform, con 
tinuously interconnected pore structures, produced by sin 
tering thermoplastic polymers at high pressures in eXcess of 
689.5 kPa (100 psi) in a mold having the desired ?nal pad 
dimensions. 

[0006] In addition to groove patterns, polishing pads can 
have other surface features to provide texture to the surface 
of the polishing pad. For example, US. Pat. No. 5,609,517 
discloses a composite polishing pad comprising a support 
layer, nodes, and an upper layer, all With different hardness. 
US. Pat. No. 5,944,583 discloses a composite polishing pad 
having circumferential rings of alternating compressibility. 
US. Pat. No. 6,168,508 discloses a polishing pad having a 
?rst polishing area With a ?rst value of a physical property 
(e.g., hardness, speci?c gravity, compressibility, abrasive 
ness, height, etc.) and a second polishing area With a second 
value of the physical property. US. Pat. No. 6,287,185 
discloses a polishing pad having a surface topography 
produced by a thermoforming process. The surface of the 
polishing pad is heated under pressure or stress resulting in 
the formation of surface features. 

[0007] Polishing pads having a microporous foam struc 
ture are commonly knoWn in the art. For example, US. Pat. 
No. 4,138,228 discloses a polishing article that is 
microporous and hydrophilic. US. Pat. No. 4,239,567 dis 
closes a ?at microcellular polyurethane polishing pad for 
polishing silicon Wafers. US. Pat. No. 6,120,353 discloses 
a polishing method using a suede-like foam polyurethane 
polishing pad having a compressibility loWer than 9% and a 
high pore density of 150 pores/cm2 or higher. EP 1 108 500 
A1 discloses a polishing pad of micro-rubber A-type hard 
ness of at least 80 having closed cells of average diameter 
less than 1000 pm and a density of 0.4 to 1.1 g/ml. 

[0008] Although several of the above-described polishing 
pads are suitable for their intended purpose, a need remains 
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for an improved polishing pad that provides effective pla 
nariZation, particularly in substrate polishing by chemical 
mechanical polishing. In addition, there is a need for pol 
ishing pads having improved polishing ef?ciency, improved 
slurry ?oW across and Within the polishing pad, improved 
resistance to corrosive etchants, and/or improved polishing 
uniformity. Finally, there is a need for polishing pads that 
can be produced using relatively loW cost methods and 
Which require little or no conditioning prior to use. 

[0009] The invention provides such a polishing pad. These 
and other advantages of the invention, as Well as additional 
inventive features, Will be apparent from the description of 
the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The invention provides polishing pads for chemi 
cal-mechanical polishing comprising a porous foam. In a 
?rst embodiment, the porous foam has an average pore siZe 
of about 50 pm or less, Wherein about 75% or more of the 
pores have a pore siZe Within about 20 pm or less of the 
average pore siZe. In a second embodiment, the polishing 
pad comprises a porous foam With an average pore siZe of 
about 1 82 m to about 20 pm. In a third embodiment, the 
polishing pad comprises a thermoplastic polyurethane foam 
having an average pore siZe of about 50 pm or less, Wherein 
the thermoplastic polyurethane has a Melt FloW Index of 
about 20 or less, a molecular Weight of about 50,000 g/mol 
to about 300,000 g/mol, and a polydispersity index of about 
1.1 to about 6. In a fourth embodiment, the polishing pad is 
a polyurethane polishing pad comprising a polishing surface 
With no externally produced surface texture, Which can 
polish a silicon dioxide Wafer at a rate of at least 600 A/min 
With a carrier doWnforce pressure of about 0.028 MPa (4 
psi), a slurry ?oW rate of about 100 ml/min, a platen rotation 
speed of about 60 rpm, and a carrier rotation speed of about 
55 rpm to about 60 rpm. In a ?fth embodiment, the polishing 
pad comprises a porous foam having a multi-modal pore siZe 
distribution, Wherein the multi-modal distribution has about 
20 or less pore siZe maxima. 

[0011] The invention further provides a method for pro 
ducing the polishing pads comprising (a) combining a 
polymer resin With a supercritical gas to produce a single 
phase solution, Wherein the supercritical gas is generated by 
subjecting a gas to an elevated temperature and pressure, and 
(b) forming a polishing pad from the single-phase solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a scanning electron microscopy (SEM) 
image (100>< magni?cation) of a cross-section of an 
extruded porous foam rod produced With a CO2 concentra 
tion of 1.26% and a melt temperature of 212° C. (414° 

[0013] FIG. 2 is a plot of carbon dioxide concentration 
versus density illustrating the relationship betWeen the con 
centration of CO2 in a single-phase solution of polymer resin 
and the density of the resulting porous foam prepared 
therefrom. 

[0014] FIG. 3 is a scanning electron microscopy (SEM) 
image (80>< magni?cation) of a cross-section of an extruded 
porous foam sheet having an average pore siZe of 8 pm, a 
density of 0.989 g/cm3, and a cell density of greater than 106 
cells per cm3. 
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[0015] FIG. 4 is a scanning electron microscopy (SEM) 
image (50>< magni?cation) of the top surface of an extruded 
porous foam sheet having an average pore siZe of 15 pm, an 
density of 0.989 g/cm3, a cell density of greater than 106 
cells per cm3, and no surface macrotexture. 

[0016] FIG. 5 is a plot of silicon dioxide removal rate 
versus the number of silicon dioxide Wafers polished using 
a microporous foam polishing pad of the invention. 

[0017] FIG. 6 is a plot of silicon dioxide removal rate 
versus the number of silicon dioxide Wafers polished com 
paring a microporous foam polishing pad of the invention 
and a solid, non-porous polishing pad, Wherein the polishing 
pads are grooved and buffed. 

[0018] FIG. 7a is a scanning electron microscopy (SEM) 
image (20>< magni?cation) of the top surface of a solid, 
non-porous polymer sheet having a grooved macrotexture 
that is glaZed and clogged With polishing debris after pol 
ishing 20 silicon dioxide Wafers, Wherein the polishing pads 
are buffed and conditioned. 

[0019] FIG. 7b is a scanning electron microscopy (SEM) 
image (20>< magni?cation) of the top surface of an extruded 
porous foam sheet having an average pore siZe of 15 pm, an 
density of 0.989 g/cm3, a cell density of greater than 106 
cells per cm3, as Well as a grooved macrotexture that is free 
of polishing debris after polishing 20 silicon dioxide Wafers 
(buffed and conditioned). 

[0020] FIG. 7c is a scanning electron microscopy (SEM) 
image (20>< magni?cation) of the top surface of an extruded 
porous foam sheet having an average pore siZe of 15 pm, an 
density of 0.989 g/cm3, a cell density of greater than 106 
cells per cm3, as Well as a grooved macrotexture that is free 
of polishing debris after polishing 20 silicon dioxide Wafers 
(buffed, no conditioning). 

[0021] FIGS. 8a, 8b, and 8c are Energy Dispersive X-ray 
(EDX) silica mapping images of a solid polishing pad (FIG. 
8a), a microporous foam polishing pad of the invention 
(FIG. 8b), and a conventional closed cell polishing pad 
(FIG. 8c) shoWing the extent of penetration of the silica 
abrasive through the thickness of the polishing pad after 
polishing 20 silicon dioxide blanket Wafers. 

[0022] FIG. 9 is a plot of time (s) versus the remaining 
step height (in for a 40% dense feature of a patterned 
silicon dioxide Wafer comparing the use of a solid, non 
porous polishing pad, a microporous foam polishing pad of 
the invention, and a conventional microporous closed cell 
polishing pad. 

[0023] Figure 10 is a plot of time (s) versus the remaining 
step height (in for a 70% dense feature of a patterned 
silicon dioxide Wafer comparing the use of a solid, non 
porous polishing pad, a microporous foam polishing pad of 
the invention, and a conventional microporous closed cell 
polishing pad. 

[0024] FIG. 11 is an SEM image of a solid thermoplastic 
polyurethane sheet at a magni?cation of 350x. 

[0025] FIG. 12 is an SEM image of a solid thermoplastic 
polyurethane sheet at a magni?cation of 7500>< that has been 
treated by pressuriZed gas injection to produce a foam 
having an average cell siZe of 0pm. 
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[0026] FIG. 13 is an SEM image of a solid thermoplastic 
polyurethane sheet at a magni?cation of 20000>< that has 
been treated by pressurized gas injection to produce a foam 
having an average cell siZe of 0pm. 

[0027] FIG. 14 is an SEM image of a solid thermoplastic 
polyurethane sheet at a magni?cation of 350x that has been 
treated by pressuriZed gas injection to produce a foam 
having an average cell siZe of 4 pm. 

[0028] FIG. 15 is an SEM image of a solid thermoplastic 
polyurethane sheet at a magni?cation of 10000>< that has 
been treated by pressuriZed gas injection to produce a foam 
having an average cell siZe of 4 pm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] In a ?rst embodiment, the invention is directed to 
a polishing pad for chemical-mechanical polishing compris 
ing a porous foam With an average pore siZe of about 50 pm 
or less. Preferably, the porous foam has an average pore siZe 
of about 40 pm or less, or even about 30 pm or less (eg 
about 20 pm or less). Typically, the porous foam has an 
average pore siZe of about 1 pm or more (e.g., about 3 pm 
or more, or about 5 pm or more). 

[0030] In a second, preferred embodiment, the porous 
foam has an average pore siZe of about 1 pm to about 20 pm. 
Preferably, the porous foam has an average pore siZe of 
about 1 pm to about 15 pm (e.g., about 1 pm to about 10 pm). 

[0031] The porous foam of the polishing pads described 
herein has a highly uniform distribution of pore siZes (i.e., 
cell siZes). Typically, about 75% or more (e.g., about 80% or 
more, or about 85% or more) of the pores (e.g., cells) in the 
porous foam have a pore siZe distribution of about :20 pm 
or less (e.g., about :10 pm or less, about :5 pm or less, or 
about :2 pm or less). In other Words, about 75% or more 
(e.g., about 80% or more, or about 85% or more) of the pores 
in the porous foam have a pore siZe Within about 20 pm or 
less (e.g., about :10 pm or less, about :5 pm or less, or about 
:2 pm or less) of the average pore siZe. Preferably, about 
90% or more (e.g., about 93% or more, about 95% or more, 
or about 97% or more) of the pores (e.g., cells) in the porous 
foam have a pore siZe distribution of about :20 pm or less 
(e.g., about :10 pm or less, about :5 pm or less, or about :2 
pm or less). 

[0032] Typically, the porous foam comprises predomi 
nantly closed cells (i.e., pores); hoWever, the porous foam 
can also comprise open cells. Preferably, the porous foam 
comprises at least about 5% or more (e.g., at least about 10% 
or more) closed cells. More preferably, the porous foam 
comprises at least about 20% or more (e.g., at least about 
40% or more, or at least about 60% or more) closed cells. 

[0033] The porous foam typically has a density of about 
0.5 g/cm3 or greater (e.g., about 0.7 g/cm3 or greater, or even 
about 0.9 g/cm3 or greater) and a void volume of about 25% 
or less (e.g., about 15% or less, or even about 5% or less). 
Typically the porous foam has a cell density of about 105 
cells/cm3 or greater (e.g., about 106 cells/cm3 or greater). 
The cell density can be determined by analyZing a cross 
sectional image (e.g., an SEM image) of a porous foam 
material With an image analysis softWare program such as 
Optimase® imaging softWare and ImagePro® imaging soft 
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Ware, both by Media Cybernetics, or Clemex Visione® 
imaging softWare by Clemex Technologies. 

[0034] The porous foam can comprise any suitable mate 
rial, typically a polymer resin. The porous foam preferably 
comprises a polymer resin selected from the group consist 
ing of thermoplastic elastomers, thermoplastic polyure 
thanes, polyole?ns, polycarbonates, polyvinylalcohols, 
nylons, elastomeric rubbers, styrenic polymers, polyaromat 
ics, ?uoropolymers, polyimides, cross-linked polyurethanes, 
cross-linked polyole?ns, polyethers, polyesters, polyacry 
lates, elastomeric polyethylenes, polytetra?uoroethylenes, 
polyethyleneteraphthalates, polyimides, polyaramides, pol 
yarylenes, polystyrenes, polymethylmethacrylates, copoly 
mers and block copolymers thereof, and mixtures and blends 
thereof. Preferably, the polymer resin is thermoplastic poly 
urethane. 

[0035] The polymer resin typically is a pre-formed poly 
mer resin; hoWever, the polymer resin also can be formed in 
situ according to any suitable method, many of Which are 
knoWn in the art (see, for example, Szycher’s Handbook of 
Polyurethanes CRC Press: NeW York, 1999, Chapter 3). For 
example, thermoplastic polyurethane can be formed in situ 
by reaction of urethane prepolymers, such as isocyanate, 
di-isocyanate, and tri-isocyanate prepolymers, With a pre 
polymer containing an isocyanate reactive moiety. Suitable 
isocyanate reactive moieties include amines and polyols. 

[0036] The selection of the polymer resin Will depend, in 
part, on the rheology of the polymer resin. Rheology is the 
How behavior of a polymer melt. For NeWtonian ?uids, the 
viscosity is a constant de?ned by the ratio betWeen the shear 
stress (i.e., tangential stress, (I) and the shear rate (i.e., 
velocity gradient, dy/dt). HoWever, for non-NeWtonian ?u 
ids, shear rate thickening (dilatent) or shear rate thinning 
(pseudo-plastic) may occur. In shear rate thinning cases, the 
viscosity decreases With increasing shear rate. It is this 
property that alloWs a polymer resin to be used in melt 
fabrication (e.g., extrusion, injection molding) processes. In 
order to identify the critical region of shear rate thinning, the 
rheology of the polymer resins must be determined. The 
rheology can be determined by a capillary technique in 
Which the molten polymer resin is forced under a ?xed 
pressure through a capillary of a particular length. By 
plotting the apparent shear rate versus viscosity at different 
temperatures, the relationship betWeen the viscosity and 
temperature can be determined. The Rheology Processing 
Index (RPI) is a parameter that identi?es the critical range of 
the polymer resin. The RPI is the ratio of the viscosity at a 
reference temperature to the viscosity after a change in 
temperature equal to 20° C. for a ?xed shear rate. When the 
polymer resin is thermoplastic polyurethane, the RPI pref 
erably is about 2 to about 10 (e.g., about 3 to about 8) When 
measured at a shear rate of about 150 Us and a temperature 
of about 205° C. 

[0037] Another polymer viscosity measurement is the 
Melt FloW Index (MEI) Which records the amount of molten 
polymer (in grams) that is extruded from a capillary at a 
given temperature and pressure over a ?xed amount of time. 
For example, When the polymer resin is thermoplastic poly 
urethane or polyurethane copolymer (e.g., a polycarbonate 
silicone-based copolymer, a polyurethane ?uorine-based 
copolymers, or a polyurethane siloxane-segmented copoly 
mer), the MFI preferably is about 20 or less (e.g., about 15 
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or less) over 10 minutes at a temperature of 210° C. and a 
load of 2160 g. When the polymer resin is an elastomeric 
polyole?n or a polyole?n copolymer (e.g., a copolymer 
comprising an ethylene a-ole?n such as elastomeric or 
normal ethylene-propylene, ethlene-hexene, ethylene 
octene, and the like, an elastomeric ethylene copolymer 
made from metallocene based catalysts, or a polypropylene 
styrene copolymer), the MFI preferably is about 5 or less 
(e.g., about 4 or less) over 10 minutes at a temperature of 
210° C. and a load of 2160 g. When the polymer resin is a 
nylon or polycarbonate, the MFI preferably is about 8 or less 
(e.g., about 5 or less) over 10 minutes at a temperature of 
210° C. and a load of 2160 g. 

[0038] The rheology of the polymer resin can depend on 
the molecular Weight, polydispersity index (PDI), the degree 
of long-chain branching or cross-linking, glass transition 
temperature (Tg), and melt temperature (Tm) of the polymer 
resin. When the polymer resin is thermoplastic polyurethane 
or polyurethane copolymer (such as the copolymers 
described above), the Weight average molecular Weight 
(MW) is typically about 50,000 g/mol to about 300,000 
g/mol, preferably about 70,000 g/mol to about 150,000 
g/mol, With a PDI of about 1.1 to about 6, preferably about 
2 to about 4. Typically, the thermoplastic polyurethane has 
a glass transition temperature of about 20° C. to about 110° 
C. and a melt transition temperature of about 120° C. to 
about 250° C. When the polymer resin is an elastomeric 
polyole?n or a polyole?n copolymer (such as the copoly 
mers described above), the Weight average molecular Weight 
(MW) typically is about 50,000 g/mol to about 400,000 
g/mol, preferably about 70,000 g/mol to about 300,000 
g/mol, With a PDI of about 1.1 to about 12, preferably about 
2 to about 10. When the polymer resin is nylon or polycar 
bonate, the Weight average molecular Weight (MW) typically 
is about 50,000 g/mol to about 150,000 g/mol, preferably 
about 70,000 g/mol to about I 00,000 g/mol, With a PDI of 
about 1. I to about 5, preferably about 2 to about 4. 

[0039] The polymer resin selected for the porous foam 
preferably has certain mechanical properties. For example, 
When the polymer resin is a thermoplastic polyurethane, the 
Flexural Modulus (ASTM D790) preferably is about 350 
MPa (~50,000 psi) to about 1000 MPa (~150,000 psi), the 
average % compressibility is about 7 or less, the average % 
rebound is about 35 or greater, and the Shore D hardness 
(ASTM D2240-95) is about 40 to about 90 (e.g., about 50 to 
about 80). 

[0040] In a third embodiment, the polishing pad comprises 
a porous foam comprising a thermoplastic polyurethane, 
Wherein the porous foam has an average pore siZe of about 
50 pm or less (e.g., about 40 pm or less, or about 25 pm or 
less) and Wherein the thermoplastic polyurethane has a Melt 
FloW Index (MFI) of about 20 or less, an RPI of about 2 to 
about 10 (e.g., about 3 to about 8), and a molecular Weight 
(MW) of about 50,000 g/mol to about 300,000 g/mol, With 
a PDI of about 1.1 to about 6 (e.g., about 2 to about 4). 
Preferably, the thermoplastic polyurethane has a Flexural 
Modulus of about 350 MPa (~50,000 psi) to about 1000 
MPa (~150,000 psi), an average % compressibility of about 
7 or less, an average % rebound of about 35 or greater, and 
a Shore D hardness of about 40 to about 90 (e.g., about 50 
to about 80). Such a polishing pad can have one or more 
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physical characteristics (e.g., pore siZe and polymer prop 
erties) described herein for the other embodiments of the 
invention. 

[0041] In a fourth embodiment, the polishing pad is a 
polyurethane polishing pad comprising a polishing surface, 
Which in the absence of any externally produced surface 
texture, can polish a silicon dioxide Wafer With a polishing 
rate of at least about 600 A/min With a carrier doWnforce 
pressure of about 0.028 MPa (4 psi), a slurry ?oW rate of 
about 100 ml/min, a platen rotation speed of about 60 rpm, 
and a carrier rotation speed of about 55 rpm to about 60 rpm. 
The polishing pad of the fourth embodiment does not 
contain abrasive particles suspended in the foam and is used 
in conjunction With a polishing composition (i.e., slurry) 
containing metal oxide particles, in particular, Semi 
Sperse® D7300 polishing composition sold by Cabot 
Microelectronics Corporation. Typically, the polishing pad 
can polish a silicon dioxide Wafer With a polishing rate of at 
least about 800 A/min or even at least about 1000 A/min 
using the polishing parameters recited above. The polishing 
pad has a void volume of about 25% or less and comprises 
pores having an average pore siZe of about 50 pm or less 
(e.g., about 40 pm or less). The polishing pad also can polish 
silicon dioxide blanket Wafers such that the silicon dioxide 
blanket Wafers have loW non-uniformity values of only 
about 2% to about 4%. Such a polishing pad can have one 
or more physical characteristics (e.g., pore siZe and polymer 
properties) described herein for the other embodiments of 
the invention. 

[0042] In a ?fth embodiment, the polishing pad comprises 
a porous foam having a multi-modal distribution of pore 
siZes. The term “multi-modal” means that the porous foam 
has a pore siZe distribution comprising at least 2 or more 
(e.g., about 3 or more, about 5 or more, or even about 10 or 
more) pore siZe maxima. Typically the number of pore siZe 
maxima is about 20 or less (e.g., about 15 or less). A pore 
siZe maxima is de?ned as a peak in the pore siZe distribution 
Whose area comprises about 5% or more by number of the 
total number of pores. Preferably, the pore siZe distribution 
is bimodal (i.e., has tWo pore siZe maxima). 

[0043] The multi-modal pore siZe distribution can have 
pore siZe maxima at any suitable pore siZe values. For 
example, the multi-modal pore siZe distribution can have a 
?rst pore siZe maximum of about 50 pm or less (e.g., about 
40 pm or less, about 30 pm or less, or about 20 pm or less) 
and a second pore siZe maximum of about 50 pm or more 
(e.g., about 70 pm or more, about 90 pm or more, or even 
about 120 pm or more). The multi-modal pore siZe distri 
bution alternatively can have a ?rst pore siZe maximum of 
about 20 pm or less (e.g., about 10 pm or less, or about 5 pm 
or less) and a second pore siZe maximum of about 20 pm or 
more (e.g., about 35 pm or more, about 50 pm or more, or 
even about 75 pm or more). 

[0044] The porous foam of the ?fth embodiment can 
comprise any suitable polymer resin, for example, the 
porous foam can comprise any of the polymer resins 
described herein. Preferably, the porous foam comprises a 
thermoplastic polyurethane. The polymer resin can have any 
of the physical, mechanical, or chemical properties 
described herein With respect to the other embodiments. 

[0045] The porous foam of the polishing pads described 
herein optionally further comprises a Water absorbent poly 


















