
WO 2009/134775PCT/US2009/041944 POLISHING PAD COMPOSITION AND METHOD
OF MANUFACTURE N USE RELATED APPLICATIONS [0001j This application
relates to and is a Non-Provisional of U.S. Provisional Patent
Applications 611048,818, filed April 29, 200g, 61/111,290, filed
November 4, 2008, and 611111,337, filed November 5, 2008, Which
applications are assigned to the assignee of the present invention
and incorporated herein by reference in their entireties. HELD OF THE
INVENTION [90021 The present invention relates to the field of
chemical mechanical planathation (MEP) and relates specifically to
polishing pads for use h CMP and made of immiscible polymers.
BACKGROUND OF THE INVENTION [0003,1 hi modern integrated circuit (EC)
.fahrication, layers of material are applied to embedded structures
previously formed. on semiconductor wafers. Chemical Mechanical
Planarization (CMP) is an abrasive process used to remove these
layers (or portions thereof) and polish the resulting surface to
achieve a desired structure, CMP may be performed on both oxides and
metals and generally involves the use of chemical slurries applied in
conjunction with a polishing pad in motion relative to the wafer
(e.g., the pad rotates relative to the wafer with the slurry
dispersed therebetween). The resulting smooth flat surfiice is
necessary to maintain photolithographic depth of focus for subsequent
wafer processing steps and to ensure that the metal interconnects are
not deformed over contour steps. Damascene processing requires metal,
such as tungsten or copper, to be removed from the top surface of a
dielectric to define interconnect structures, using CM?. 



[40041 Conventional polishing pads are made of polymers, typically
urethane, either in cast form and filled with micro-porous elements
or from non-woven felt coated with polyurethanes. During polishing
operations, the polishing pad is rotated while contacting the wafer,
which is also rotating, thus effecting polishing. Many pads have
structures to provide for distributing slurry under the wafer during
these polishing processes. Such slurry distribution structures  WO
2009/134775PCT/US2009/041944 include voids or micro-pores that are
included by adding hollow micro-elements as described in U.S. Patent
5,578,362 or through the introduction of bales formed during a
casting process, U.S. Patent 6,896,503 describes the use of
supercritical CO2 to than pores during molding processes. [0005f
During polishing, the polishing pad material undergoes plastic
deformation that leads to deterioration of the pad's polishing
ability. For example, such deformation during a polishing process
results in that process becoming non-uniform and, as a. result, the
polishing operation can be accomplished only at a much lower removal
rate. 100061 Irt order to restore polishing performance and achieve
consistent polishing performance, the polishing pad surface is
periodically abraded (or conditioned) with a disk covered with fine
grit diamond particles. The purpose of such conditioning is to remove
the worn top layer of the pad and restore the texture of the top
surface so as to effect consistent polishing. Such conditioning
processes are \veil accepted for polishing processes employing hard
pads. In the case of soft pads, however, conditioning processes are
not as well accepted and, as such, tend to result in mduced useful
lithtimes of such pads. SUMMARY OF THE INVENTION 



1100071 The composition of polishing pads for use in chemical
mechanical planarization (CNIP) as well as methods of their
manufacture and use are herein provided. In one embodiment of the
invention, a polishing pad or polishing element/surface of a pad is
made front a combination of polyurethane and polyolefin, where
polyurethane is the hulk phase and. polypi etin is the dispersed.
phase. The bulk phase material (polyurethane) may have particles less
than 100 rim in size, while the size of particles of the dispersed
phase may be greater than 1000 urn. The dispersed phase polymer
(e.g., polyolefin or a blend of two different polyethylene materials)
is preferably immiscible within the bulk phase polymer (polyurethane)
and is releasable from the polishing pad during polishing, thereby
causing areas of microporosity on an exposed surface of the polishing
pad. The polyoletin material may include a polyethylene material
and/or a polypropylene material,  WO 2009/134775PCT/US2009/041944
100081 In some cases, the materials selected for the
polyurethane-polyolefin polishing pad may be such that the ratio of
the viscosity of the polyolefin to the viscosity of the polyurethane
is less than 3. The tensile strength of the polyurethane material may
be greater than 1000 pounds per square inch. (psi), while the
flexural modulus of the polyurethane material may be greater than
2000 psi, and the Shore I) hardness of the polyurethane material may
be greater than 25. In such  pad" the domain size of the dispersed
polyolefin material may be 200 microns or less. In some embodiments,
the polyolefin material in the polishing pad may be 1 - 35% by
volume. Exposed surfaces of such a polishing pad may include surface
features. [00091 In yet another embodiment consistent with the
present inveniton, a polishing pad may include particles of
pOlydletin that are dispersed in isocyanate or polyol prior to a.
polyurethane formation reaction. The polyolefin particles may be 10
200 microns in size. The polyurethane may have the following
properties: a tensile strength greater than 1000 psi, a flexural
modulus greater than 2000 psi, and a Shore D hardness greater than
25. [00101 In a further mnbodhnent consistent with the present
invention, a polishing pad may include a polymer blend of a
polyolefin material and a polyurethane material. The melt index of
the polyolefin material may be less than or equal to 3 and the melt
index of the polyurethane material may be greater than or equal to
15. Thus, the ratio of melt indices of the polyolefin material to the
polyurethane material may be less than 0.2. The difference between
the hardness of the polyolefin material and the polyurethane material
may be less than 15 Shore D. 



100111 In still other embodiments of the invention, a polishing pad
may include one or more polishing elements made from a polymer blend
of two polyolefin materials in a polyurethane matrix. The melt index
of the lust polyoleftn material may be less than or equal to 3, while
the melt index of the second polyolefin material may be greater than
or equal to 25 and the melt index of the polyurethane material
greater than or equal to 15. More specifically, the ratio of melt
indices of a first one of the polyolefin materials to the
polyurethane material may be less than 0,2 while the ratio of' melt
indices athe second one of the polyolefin materials to the
polyurethane material may be greater than I. The difference between
the hardness of the polyolefin materials and the polyurethane
material may be less than 15 Shore D.  WO
2009/134775Pa/1152009/041944 temperature, a first polyethylene
material with a. melt index of 25 or greater and a Tg below room
temperature, and a second polyethylene material with a melt index, of
less than 3 and a Tg below room temperature. The difference between
the hardnesses of the polyethylene materials and the polyurethane
material may be less than 15 Shore 1), 100131 b yet another
embodiment of the invention, a polishing pad may include a first
polyethylene material with a. melt index less than or equal to 3, a
second polyethylene material. with a melt index greater than or equal
to 25, and a polyurethane material with a melt index greater than or
equal to 15. The ratio of melt indices of the 'first polyethylene
material to the polyurethane material may be less than 0.2, and the.
ratio of melt indices of the second polyethylene material to the
polyurethane material may be greater than 1. The hardness of the
polyurethane material may be Shore]) 70 or less, while the hardness
of the first polyethylene material may be Shore D 60 or less, and the
hardness of the second polyethylene material may be Shore 1) 60 or
less. The difference between the hardnesse,s of the polyurethane
material: and the first polyethylene material and/or the second
polyethylene material may be 15 Shore D or less, [00141 In still
another embodiment of the invention, a polishing pad may include a
polyurethane material. with. a flexural modulus greater than 60 MPa
and first and second polyethylene materials each with a flexural
modulus greater than 200 MPa. The difference between. the hardnesses
of the polyurethane material, the first polyethylene material, and/or
the second polyethylene material may be 15 Shore D or less. [0015i
Consistent with embodiments of the invention then, a polishing pad
for use in CMP may be manufactured from two polymers that are
immiscible in one another. The first polymer (e.g., a polyurethane
material) may be a matrix phase and the second polymer (e.g., a
polyoletin material) may be a dispersed phase. The dispersed phase
may be formed of, for example, a. low-density polyethylene, a
low-density polyethylene-butene, and/or a vety low-density
polyethylenbutene and may be removable when it is exposed by a
conditioning process and/or a polishing process. The domain size of
the first polymer may be different. from that of the second polymer.
En some instances, the dispersed phase may be made up of two or more
polyolefin materials, and in the case of a mixture of two polyolefin
materials a first polyethylene material may have a melt index of 30
and a second polyethylene material may have a melt index  



WO 2009/134775PCT/US2009/041944 of 035. Alternatively, or in
addition, the domain size of the first polyoletin materials may e
greater than 10 DM and the domain size of the second poly-olefin
material may be less than 10 nm I9016f During pad manufacture, the
two polymers may be mixed together and the resulting mixture injected
into a. mold cavity to form the pad or polishing element The relative
domain sizes of the first and second polymers included in the
polishing pad nmy be tuned by, for example, varying respective
amounts of the first and second polymers included in the mixture, pal
71 Porosity may be introduced in a top polishing surface of polishing
pads consistent with the present invention, for example due to wear
experienced during a polishing process. Alternatively, or in
addition, pore sites may be generated in the polishing pad during
manufacture thereof; and the size of such pore sites may be modulated
during said manufacture, 10018.1 These and other embodiments of the
invention are described in greater detail below, BRIEF DESCRIPTION OF
DRAWINGS 190191 The present invention is illustrated by way of
example, and not limitation, in the figures of the accompanying
drawings, in which: 100201 Figures 1(0 and 1(b) show cross-sections
of different classes of polishing pads which, despite their
differences, may be manufactured and used in accordance with
embodiments of the present invention; 



100211 Figure 2(a) shows a magnified view of a polishing pad or
polishing element/surface made of a polyurethane-polyolefin blend in
accordance with an embodiment of the present invention; 10022! Figure
2(b) shows a close up of a single dispersed phase particle in a
matrix of a polishing pad or element, consistent with an embodiment
of the present invention; and 10023) Figures 3-5 show inspection
results for a part of a polishing pad/element made consistent with
embodiments of the present invention and subsequently cross-sectioned
and inspected with a scanning electron microscope (SEM).  WO
2009/134775PCT/US2009/041944 DETAILED DESCRIPTION (0024I Disclosed
herein is a polishing pad having a polishing surface/polishing
elements made of immiscible polymers, for example polyurethane and
polyolefin. In one example of such a pad, the bulk phase of the
polishing surface/elements is made of polyuretban while the dispersed
phase (which may be released during a polishing process) is made of
polyolefin. As the dispersed phase material is released during the
polishing process, areas of micro-porosity are formed on the
polishing surface/elements of the pad, [00251 Figure 1(4) is a
profile cutaway view of a Class of polishing pads, such as the IC
1000 pads of Rohm and Haas., which may be updated by being
manufactured and used M accordance with the present invention,
Polishing pad 100 contains microelements 102 embedded in a polymeric
matrix 104, which may be polyurethane. The pad surfime contains
grooves 106 for slurry transport during polishing processes.
Polishing pads of this variety provide multiple surface modifications
to effect. slurry distribution across the surface of the pad. 



100261 Figure I.(h) shows a cross-section of a polishing pad 108 made
by SemiQuest, Inc. This polishing pad 108 is an engineered stmcture
and is described in U.S. patent application 11/697,622, filed
06-APR-2007, assigned to the assignee of the present invention and
incorporated herein by reference. Pad 108 consists of polishing
elements -110, which rest on a compressible under-foam 114 and are
supported in vertical orientation by a guide plate 112. Polishing
action is provided by the polishing elements, which are made of a
solid polymer material, while slurry distribution is effected by the
open spaces between. the polishing elements. The open space is filled
with open cell foam, 100271 in accordance with embodiments of the
present invention, the polishing surfaces 104 and 11.0 of these two
different polishing pads may be made advantageously by using
matelials described herein. 100281 Figure 2(0 shows a magnified view
of a polishing pad or polishing element/surface 200 made of a.
polyurethane-pc-4016n blend. In this case the dispersed phase 201,
which may be polyolefin, is distributed in a matrix. or bulk phase
203, which may be polyurethane. In a well mixed system, the size of
the particles that make up the dispersed phase is on the order of
10-20 microns and the phase boundary 202 is distinct. Figure 2(b)
shows a close up of a single dispersed phase particle in. the matrix.
Due. to large differences in polarity and interfacial tension,  WO
2009/134775PCT/US2009/041944 the interface is smooth and. the two
surfaces show no adhesion. Polyolefin particles are pulled back from
the polyurethane interface. 100291 in an embodiment of the present
invention then, a polishing pad (which may be any of the
above-described configurations) includes one or more polishing
elements or surfaces made from a polymer blend of polyolefin and
polyurethane, where (1) the ratio of the viscosity of the polyolefin
to the viscosity of the polyurethane is less than 3, 



(2) the tensile strength of the polyurethane is greater than 1000
pounds per square inch (psi); (3) the flexural modulus of the
polyurethane is greater than 2000 psi; (4) the shore]) hardness of
the polyurethane is greater than 25; aid/or (5) the domain size of
the dispersed polyolefin phase is 200 microns or less. In some eases,
the polyolefin content of the polishing pad may be 1 - 35% by volume.
Also, in some instances, the polyoletin may be polyethylene or
polypropylene. Surface features of various types may be formed on the
top surface of the pad (e.g., during or after formation of the pad),
for example by machining the top surface of the pad. 100301 A further
embodiment of the invention provides a polishing pad having one or
more polishing elements or surfaces made by dispersing polyoletin
particles in isocyanate or polyol prior to a urethane formation
reaction. In such a pad, polyolefin particles may be 1.0 - 200
microns in size, the tensile strength of the polyurethane may be
greater than 1000 psi; the flexural modulus of the polyurethane may
be greater than 2000 psi; and/or the Shore D hardness of the
polyurethane may be greater than 25. In such a pad, the polyolefin
111 ay be polyethylene or polypropylene. 1903.11 Still another
embodiment of the invention provides a method of manufacturing a
polishing pad such as those discussed above using injection molding,
extrusion, reaction injection molding, or sintering,. In these
various instances, polyolefin particles may be dispersed in a
urethane precursor mix prior to a. urethane forming reaction;
polyolefin and thermoplastic polyurethane may be melt-mixed and
subsequently injected into a mold to form the pad; andlor  



WO 2009/134775PCT/US2009/041944 polyolefin and thermoplastic urethane
may be mixed in-line in an injection molding machine used for forming
the pad. 1100321 Still a further embodiment of the. invention
provides a polishing pad having one or more polishing elements or
surfaces made from a polymer blend of polyolefin and polyurethane
where the melt index ratio of polyolefin to polyurethane is less than
0.2, the melt index of the polyolefin is less than or equal to 3, and
the melt index of the polyurethane is greater than or equal to 15. In
such instances, the polyolefin may be polyethylene or polypropylene
and the hardness of both the polyolefin and the polyurethane
materials may differ by less than 1.5 Shore D. [00331 Yet another
embodiment of the invention provides a polishing pad having one or
more polishing elements or surfa.ces made from a polymer blend of two
polyolefins and polyurethane where the melt index ratio of a. first
one. of the polyolefin materials to the polyurethane is less than
0.2, and the melt index. ratio oldie second one of the polyolefin
materials to the polyurethane is greater than 1, where the melt index
of the first polyolefin material is less than or equal to 3, the melt
index of the second polyoletin material. is greater than or equal to
25, and the melt index of the polyurethane is greater than or equal
to 15. Either, or both, oldie polyolefin materials may he
polyethylene or polypropylene. For example, in some cases, at least
one of the polyolefin materials is polypropylene. The hardness of all
polyolefin and polyurethane materials may differ by less than 15
Shore D, [00341 Still a further embodiment of the present invention
provides a. method of making a solid polishing pad containing two
distinct phase sizes, one less than 100 nm and another greater than
1.000 nm, by mixing polyurethane having a melt index, greater than 15
with a first polyethylene material having a melt index of 25 or
greater and a second polyethylene. material having a melt index less
than 3, and subjecting the mixture to melt mixing in an injection
molding machine or extruder before injection into a mold cavity. In
some cases, the polyurethane may have a glass transition temperature
(11.) below room temperature. Likewise, the polyethylene may have a
Ts below room temperature. In some cases, the hardness of the
polyurethane and polyethylene may differ by less than 15 Shore D.
[00351 Another embodiment of the present invention provides a.
polishing pad having one or more polishing elements or surfaces made
from a polymer blend of two polyethylenes and  WO
2009/134775PCT1US20091041944 



polyurethane where a ratio of melt indices of a first of the
polyethylene materials to the polyurethane is less than 0.2 and a
ratio of melt indices of a second of the polyethylene materials to
the polyurethane is greater than I. where the melt index of the first
polyethylene material is less than or equal to 3, the melt index of
the second polyethylene material is greater than or equal to 25, and
the melt index of' the polyurethane is greater than or equal to 15.
The hardness of the polyurethane may be Shore D 75 or less. The
hardness of the first polyethylene material may be Shore D 60 or
less. The hardness 1,11 the second polyethylene material may be.
Shore D 60 or less. A range of hardnesses of all three materials
(i.e., differences between the various baninesses of the respective
materials) may be 15 Shore!) or less. 10036.1 Another embodiment of
the present invention provides a. polishing pad having one or more
polishing elements or sulfates made from a polymer blend of two
polyethylenes and polyurethane where a ratio of melt indices of a.
first of the polyethylene materials to the polyurethane is less than
0.2 and a ratio of melt indices of the second polyethylene material
to the polyurethane is greater than I, where the melt index of the
first polyethylene material is less than or equal to 3, the melt
index of the second polyethylene material is greater than or equal to
25, and the melt index of the polyurethane is greater than or equal
to 15. The flexural 'modulus of the polyurethane may be greater than
60 MPa. The flexural modulus of the first polyethylene material may
be greater than 200 MPa. The flexural modulus of the second
polyethylene material may be greater than 200 MPa. The range of
hardness of all three materials (i.e., differences between the
various hardnesses of the respective materials) may be. 15 Shore D or
less. 100371 In various embodiments, the present invention provides a
method of introducing in-situ porosity in a polishing pad; means for
modulating sizes of pore sites generated during manufacturing; and a
polishing pad microstructure. A method of creating such microstucture
with much reduced or no conditioning requirements is also provided..
100381 Others have described mixing polymers to modify mechanical
properties of a polishing pad. For example, U.S. Patent 7,438,636
discloses mixing a lower modulus polymer in a higher modulus polymer
matrix to improve toughness properties of a polishing pad. U.S.
patent 7371,160 describes dispersing an elastic phase in the matrix
to improve polishing performance. IA these modifications it is
important for the dispersed phase to stay incorporated into the
matrix,  WO 2009/134775PCT/US2009/041944 and the added elastomeric
polymer preferably contains some chemical functionality that will
enable it to Ibrin linkages with a polymeric matiix, such as a.
polyurethane matrix.. 10039 US. Patents 7,077,879, 6,992,123, and
6,899,611. describe adding water-soluble polymer into the matix. As
the top surface of the pad is exposed to an aqueous environment
during the polishing process, the water-soluble polymer is dissolved
and carried away, leaving a cavity and thereby generating pores
"in-situ". Similarly, -U.S. Patent 6,890,244 discloses adding soluble
fibers to generate channel shaped porosity, US. Patent 6,685,540
describes polymer particles distributed in a matrix, wherein, the
distributed phase itself has a composite core-shell morphology. U.S.
Patent 6,648,733 discloses a polishing pad containing co-polymers
specifically to introduce hard and soft domains that. are available
during polishing. U.S. Patents 5,489,233, 5,578,362, 6,095,902,



[90401 From these references, one could devise two methods of
incorporating alternate polymers into a pad 'matrix. In one,
insoluble polymers are added to modify mechanical properties of a pad
and participate in polishing while the soluble polymers dissolve into
the polish medium and generate porosity. In the other, insoluble
polymers that are used for the dispersed phase have carefully chosen
properties, such as hardness, modulus and Tg, etc., that are
distinctly different from those of the matrix polymer to achieve
improved mechanical properties. 100411 Herein, however, is disclosed
a method of selecting polymers based on interfacial interaction, melt
index and ratios of melt indices between the two polymer phases - the
ma and the dispersed phase. By selecting the polymer system such that
the two polymers are immiscible in one another and preferentially
form separate domains; the dispersed phase can be removed when
conditioning or polishing processes expose it. The melt index of
individual polymers and the ratio of melt indices determines
dispersability of a smaller phase into the matrix, hence the phase
size. Mixing of the two polymers may be carried out in an
injection-molding machine just prior to injecting -the melt into a
mold cavity, or the two polymers may be mixed separately, for example
in a twin-screw extruder to achieve complete mixing. 100421 Polymer
blends are a class of materials made by mixing polymers to achieve
new properties, Polymer mixtures thus created may be miscible,
partially miscible or immiscible. Embodiments of the present
invention utilize immiscible polymers where the appropriate domain WO
2009/134775PCT/US2009/041944 size is achieved by selecting the
immiscible polymers with appropriate melt indices and ratios of melt.
indices. 1100431 During melt processing of a urethane - polyolelin
mixture, it is anticipated that discrete droplets of the polyethylene
phase are distributed within the urethane melt, The size of the
droplets is a. function of shear force imparted by the extrusion
machine, actual melt viscosities, as well as the relative ratio of'
melt viscosities of the two phases. 100441 For polymers, important
parameters that determine the size of the dispersed phase are
capillary number, Ca, and viscosity ratio, p (= ndin,,,), where nd is
the viscosity of the dispersed phase. and n", is the viscosity of the
matrix phase. It is quite common to use the melt index (M1.) instead
of viscosity as it more closely reflects processing conditions. The
ASTM international D12.38 test procedure standardizes measurement of
melt index as the weight of polymer extruded in 10 minutes at a
constant temperature (190'C) through a tubular die of specified
diameter (0.08252.2 nutt) when a standard weight (2160 grams) is
placed on a driving piston. 



j00451 The capillary number Ca represents the relative effect of
viscous forces versus surface tension acting across an interface and
is given by: Ca. = Rn,,,Tia where R is a characteristic droplet size,
nit, is viscosity of the matrix, Y' is the deformation rate of the
matrix and a is the interfacial tension. When Ca exceeds a critical
value, droplets break up. For a given system, the higher the shear
force, the higher the deformation rate of the matrix consequently
droplets break up into smaller size. System specific parameters such
as interfacial tension., absolute melt index of constituents and the
ratio of melt indices of the constituents. combined with shear rate
of the mixing unit (such as an injection molding machine or
extruder), influence the size distribution of the dispersed phase.
100461 :Porosity is an important aspect of polishing pad stmcture, In
the absence of' porosity, the polish rate is very low. For example, a
non-porous pad used to polish a. wafer ,%eitlt a silicon dioxide
film, when pressed against the pad at 5 psi down force and 50 rpm pad
speed, may show less than 200 Altnin removal rate. When a porous pad
is used under the same conditions, the film removal rate may be
greater than 1000 Almin.  WO 2009/134775PCT/US2009/041944 100411 A
non-porous pad is able to achieve high film removal rates, similar to
that of a. porous pad, when it is subjected to diamond disk
conditioning. The conditioning disk. creates micro -asperities, which
enable polishing to occur at a high rate. Porous pads also undergo
degradation in removal performance over time (and wafers are
generally polished fin a long time). This is believed to be due to
plastic flow of the pad material, which causes polish asperities to
dull and pores to smear, reducing their ability to contain and
transport slurry. Conditioning the pad surface with fine diamond
disk, removes the. damaged layer on the top surface of pad, exposes
a. fresh surface and regenerates asperities. Diamond conditioning is
therefore an important part of a stable polish process. 100481
Besides providing the benefit of a stable polish process, diamond
conditioning also introduces variability in the process as
disk-to-disk variations, as well as changes in diamond effectiveness
over the lifetime oldie conditioning disk cause process drifts that
require frequent process monitoring and corrective actions. There is
also a risk of diamond loss, which might see diamond dust embedded in
the pad, causing catastrophic wafer loss due to scratches. ft is
therefore. desirable to minimize, or possibly eliminate, conditioning
as a process requirement. 



1100491 The present invention provides a poliShing pad microstmcture
that requires minimal (if any) conditioning. As indicated above, the
present pad consists of at least two distinct, dispersed domain.
sizes created by mixing polyurethane with two poluoletins having
different melt indices. One of the domains has particles ofl micron
or less, and preferably less than 100 inn" and the other domain, has
particles of 5-20 microns, and preferably approximately 1.0 microns.
The role of the nano-domains (e.g., the >100 nm-sized domains) is to
provide the present pad the ability to wear uniformly, while exposing
fresh nano-textures as the surface degrades. The large-sized domains
(e.g., the -10 micron-sized domains), on the other hand, provide
sites for larger porosity, Which act as slurry reservoirs for
polishing. The relative size of domains is important as the
nano-domains are preferably smaller, and at least of the same order
as the pad wear rate, for consistent polishing results, For example
at 0.5 microns of pa.d wear per minute of polishing, size of the
smaller domains should be no more than 0,5 microns and, preferably,
in the range of 100 nut -.200 run. Slurry reservoir domains, on the
other hand., need to be larger by 1 -2 orders of magnitude to provide
stable slurry flow during polishing.  WO 2009/134775PCT1US20091041944
10050.1 As discussed above, when using a mixture of immiscible
polymers, such as polyurethane and polyethylene, the size of the
dispersed phase is determined by the melt index of both polymers as
well as the ratio of their respective melt indices. For example,
when. using polyurethane with melt index of 20 and polyethylene with
a melt index of 30, polyethylene . domains of 100 tun -2 microns were
obtained; whereas when polyethylene of melt. index 0.75 was used,
polyethylene domains of 5 - 15 microns were obtained. it is expected
that by using a mixture of two polyethylenes with respective melt
indices of 30 and 0,75, with polyurethane of melt index 20, both
small and .larger sized domains can be created. The ratio of small
and larger sized domains can be tuned by varying the relative amount
of the two polyethylenes. 100511 In one embodiment of the invention,
the matrix polymer may be Lubrizol Estane 58142 polyurethane (having
a nick index of approximately 25) and the dispersed phase (Making up
approximately 10 percent by weight of the pad) may be 16N4A400, a
low-density polyethylene (having a melt index of approximately 30)
available from Reliance Polymers India, These polymers were mixed in
an injection molding machine to make polishing elements of 0.24" din.
x 0.140" high with a 0.32" flange base, containing a cylindrical
cavity on the underside, in a 60 cavity mold. Injection molding was
carried out at 225 *C. and well-mixed opaque parts were created. The
parts were cross-sectioned and scanning electron microscope (SEM)
inspection of the parts showed round-shaped dispersed phase particles
of approximately 100 nm to 1 microns. Most cavities showed smooth
walls, indicating the polyethylene particles did not adhere to the
maths. Figure 3 shows these results. [00521 In another embodiment of
this invention, the matrix polymer is Lubrizol Estane 58144
polyurethane (with a melt index of approximately 20) and the
dispersed phase (comprising approximately 10 percent by weight) is
Dow DNDA 8335 NT 7, a low-density polyethylenebutene (with a melt
index of approximately 30). These two materials were mixed in an
injection molding machine to make polishing elements of 0.24" dia. x
0.140" high with a 0.32" flange base, containing a cylinthical cavity
an the underside, in. a 16 cavity mold. Injection molding was carried



WO 2009/134775PCT/US2009/041944 [0053] In still another embodiment of
this invention, the matrix polymer is I,tabrizol Estane 58144
polyurethane (with a melt index of approximately 20) and the
dispersed phase (comprising approximately 10 percent by weight) is
Dow Flexemer DFDB1085 NT, a very low-density polyethylen&butene (with
a melt index, of approximately 0.75). The two materials were mixed in
an injection molding machine to make polishing elements of 0.24" dia,
x 0.140" high with a 0.32" flange base, containing a cylindrical
cavity on the underside, in a 16 cavity mold. 'Injection molding was
carried out at 215 C and well-mixed opaque parts were created. The
parts were cress sectioned and SEM inspection of the parts showed
round shaped dispersed phase particles of approximately 5-15 microns.
Smaller sized domains were also observed. Most. cavities showed
smooth walls, indicating the polyethylene particles did not adhere to
the matrix. The concentration of the domains was small, Figures 4 and
5 show these results. 100541 In still another embodiment of this
invention, the matrix polymer is Lubrizol Estane 58144 polyurethane
(with a melt index of approximately 20) and the dispersed phase
(comprising approximately 20 percent by weight) is Dupont 2020, a
polyethylene (with a melt index of approximately 1.1). The two
materials were mixed in an injection molding machine to make
polishing elements of 0.24" dia. x 0.140" high with a 0.32" flange
base, containing a cylindrical cavity on the underside, in a 32
cavity mold. Injection molding was carried out at 215 C and
well-mixed opaque parts were created. The parts were cross sectioned
and SEM inspection of the parts showed round shaped dispersed phase
particles of approximately range 15 microns. Most cavities showed
smooth walls, indicating the polyethylene particles did not adhere to
the matrix. [0055] Thus, a polishing pad for use in C1MP and made
from a combination of polyurethane and polyolefin, where polyurethane
is the bulk phase and polyolefin is the dispersed phase, has been
described. Although discussed with reference to various examples, the
present invention is not intended to be limited thereby and should
only be measured in terms of the claims, which follow.  CLAIMS What
is claimed is: 



1. A polishing pad for use in chemical mechanical planarization
(CMP), comprising: a first polymer, wherein the first polymer is a
bulk phase; and a second polymer, wherein the second polymer is a
dispersed phase, is immiscible within the first polymer and is
releasable from the polishing pad during polishing, thereby causing
areas of microporosity on an exposed surface of the polishing pad,
wherein the first polymer is a polyurethane material and the second
polymer is a polyolefin material wherein a surface of the first
polymer exhibits no adhesion to a surface of the second polymer, and
wherein particles of the second polymer are pulled back from an
interface between the second polymer and the first polymer.  2. The
polishing pad of claim 1, wherein the polyolefin material is at least
one of a polyethylene material and a polypropylene material.  3. The
polishing pad of claim 1, wherein the polyolefin material is made
from a blend of a first polyethylene material and a second
polyethylene material, the first and second polyethylene materials
being different from one another.  4. The polishing pad of claim 1,
wherein; a ratio of the viscosity of the polyolefin to a viscosity of
the polyurethane is less than 33; a tensile strength of the
polyurethane material is greater than 1000 pounds per square inch
(psi); a flexural modulus of the polyurethane material is greater
than 2000 psi; a Shore D hardness of the polyurethane material is
greater than 25; and a domain size of the dispersed polyolefin phase
is 200 microns or less.  5. The polishing pad of claim 1, wherein the
polishing pad includes 1-35% by volume polyolefin material.  6. The
polishing pad of claim 1, wherein the exposed surface of the
polishing pad includes a surface feature.  7. The polishing pad of
claim 1, wherein particles of the polyolefin material are dispersed
in isocyanate or polyol prior to a polyurethane formation reaction.
8. The polishing pad of claim 7, wherein the polyolefin particles are
10-200 microns in size, the polyurethane tensile strength is greater
than 1000 pounds per square inch (psi), the polyurethane flexural
modulus is greater than 2000 psi, and the polyurethane Shore D
hardness is greater than 25. 



9. The polishing pad of claim 1, wherein the polishing pad includes a
polymer blend of the polyolefin material and the polyurethane
material having: a melt index of the polyolefin material less than or
equal to 3; a melt index of the polyurethane material greater than or
equal to 15; a melt index ratio of the polyolefin
material/polyurethane material less than 0.2; and a difference
between a hardness of the polyolefin material and the polyurethane
material less than 15 Shore D.  10. The polishing pad of claim 3,
wherein the polishing pad includes one or more polishing elements
made from a polymer blend of the first and second polyethylene
materials having: a melt index of the first polyethylene material
less than or equal to 3; a melt index of the second polyethylene
material greater than or equal to 25; a melt index of the
polyurethane material greater than or equal to 15; a melt index ratio
of the first polyethylene material/polyurethane material less than
0.2; a melt index ratio of the second polyethylene
material/polyurethane material greater than 1; and a range of
hardness of the group of materials consisting of the first and second
polyethylene materials and the polyurethane material less than 15
Shore D.  11. The polishing pad of claim 1, wherein the dispersed
phase comprises a first dispersed phase and a second dispersed phase,
a size of the first dispersed phase is greater than 10 nm and a size
of the second dispersed phase is less than 10 nm.  12. The polishing
pad of claim 3, wherein: the polyurethane material has a melt index
greater than 15, and a glass transition temperature (Tg) below room
temperature; the first polyethylene material has a melt index of less
than 3, and has a Tg below room temperature; the second polyethylene
material has a melt index of 25 or greater, and has a Tg below room
temperature; and a range of hardness of the group of materials
consisting of the first and second polyethylene materials and the
polyurethane materials is less than 15 Shore D.  13. The polishing
pad of claim 3, wherein: a melt index of the first polyethylene
material is less than or equal to 3; a melt index of the second
polyethylene material is greater than or equal to 25; a melt index of
the polyurethane material is greater than or equal to 15; a melt
index ratio of the first polyethylene material/polyurethane material
is less than 0.2; a melt index ratio of the second polyethylene
material/polyurethane material is greater than 1; a hardness of the
polyurethane material is Shore D 70 or less a hardness of the first
polyethylene material is Shore D 60 or less; a hardness of the second
polyethylene material is Shore D 60 or less; and a range of hardness
of the group of materials consisting of the polyurethane material,
the first polyethylene material, and the second polyethylene material
is 15 Shore D or less  14. The polishing pad of claim 3, wherein: a
flexural modulus of the polyurethane material is greater than 60 MPa;
a flexural modulus of the first and second polyethylene material is
greater than 200 MPa; and a range of hardness of the group of
materials consisting of the polyurethane material, the first
polyethylene material, and the second polyethylene material is 15
Shore D or less. 


